
The reactor at the Palo Verde Nuclear Power Plant in Arizona (upper right), is one of 103 licensed nuclear reactors in the
United States. Each plant owner eventually needs to decide either to decommission their reactor(s) or apply for license exten-
sions. Decommissioning reactors is a long, costly process requiring the removal of spent fuel and contaminated material and
the dismantling of large components, like this turbine at the Connecticut Yankee Nuclear Power Plant (above).

Nuclear power reactors built in the
1960s and 1970s are coming of
age around the world, and dozens
are scheduled to end operations in

the next several decades. Decommission-
ing—removing reactors from service and
cleaning up the sites so that they can be
released for other uses—is providing an
increasing stream of business to the nuclear
industry.1 Most countries that use nuclear
power have decommissioned at least some
small facilities, but the task is growing as
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try with the largest nuclear power indus-
try—the United States. (The box on this
page offers information on decommis-
sioning in other countries.) Like other
environmental cleanup issues, decom-
missioning requires citizens to judge
risks that are often expressed in highly
technical terms and over which even
experts disagree. Therefore, the roles of
risk communication and public partici-
pation in the decommissioning process
warrant special attention.

Decommissioning in the
United States

About 20 percent of U.S. electricity is
generated by nuclear power. By the year
2033, all 103 reactors currently operat-
ing in the United States will have
reached the end of their original 40-year
license periods, and owners must either
apply to the Nuclear Regulatory Com-
mission (NRC) for 20-year license
extensions or decommission the reactors
(see Table 1 on pages 12–13 for a listing
of license expiration dates for U.S. reac-
tors).2 Their choices will be affected by
questions such as whether plants need
expensive upgrades to continue operat-
ing and whether they can provide power
at competitive rates in a restructured
energy market.3

A number of reactors have already shut
down, some well before the end of their
licensed operating lives. By and large, the
plants that shut down in the 1990s before
their licenses had ended did so because
they needed expensive capital upgrades
(typically, new steam generators), and the
owners judged that they would not recov-
er the costs of these upgrades over the
plants’ remaining lives. As of May 2000,
3 NRC-licensed reactors had been fully
decommissioned and 18 others were in
various stages of decommissioning (see
Table 2 on page 14). Major decommis-
sioning work cannot be carried out until
the spent fuel has cooled in on-site ponds
for 5 to 7 years, but reactors must be fully
decommissioned within 60 years after
ceasing operations. Owners have three
basic options:4

DECON or decontamination is an

ly local activist and watchdog groups—
do not believe that the nuclear industry
or federal regulators are sufficiently
committed to protecting the environ-
ment and public safety. The business
environment for utilities that own
nuclear reactors has changed with the
ongoing transition in many states to
competitive electricity markets, further
complicating the decommissioning
process.

This article outlines major policy
issues involved in decommissioning and
recommends ways to improve the
process, focusing primarily on the coun-

larger reactors approach the end of their
operating lives. As a result, policy issues
associated with decommissioning are
commanding increased attention.

Decommissioning involves removing
spent fuel from reactors, dismantling
components that have become activated
(contain radioactive materials), decon-
taminating or removing components
with surfaces that have become radioac-
tive, disposing of wastes, and ensuring
that the site has been cleaned up to
required standards. Certain aspects of
the process are highly controversial. For
example, some stakeholders—particular-

VOLUME 43 NUMBER 6 ENVIRONMENT 1110 ENVIRONMENT JULY/AUGUST 2001

approach that seeks to return the site to
alternate uses as quickly as possible.
Equipment, structures, and portions of
the facility that contain radioactive con-
taminants are removed and dismantled.
NRC estimates that DECON activities
will take about nine years at large light-
water reactors.5 The amount of time
involved is affected by factors such as
the length of the reactor’s operation.
Reactors that have operated for decades
require extensive planning and analysis
before decontamination can begin.

SAFSTOR or safe storage is an
approach that takes advantage of the fact
that most hazardous radioactive by-
products from reactor operation decay
relatively quickly. (Cobalt-60, a major
short-term radioactive byproduct from
reactor operation, has a half-life of just
over five years.) Spent fuel is removed
from the reactor vessel and radioactive
liquids, such as water from the cooling
system, are drained. After a wait-peri-
od that could be as long as several
decades, facilities are decontaminated
and dismantled.

ENTOMB or entombment involves
partial dismantling of the reactor, encas-
ing the remaining radioactive structures
in a long-lived material such as con-
crete, and monitoring the site until the
radioactivity decays to levels that permit
license termination. Most large power
reactor sites would probably still pro-
duce too much radiation to permit unre-
stricted use even after 100 years and
thus are not well suited for entombment,
but NRC is re-examining this option,
which is less expensive than dismantle-
ment and disposal.6

Some owners are combining DECON
and SAFSTOR by performing limited
dismantlement and then putting the
facility in storage for several years
before completing dismantlement. In the
case of some multi-reactor sites where
one unit is shut down, owners have cho-
sen SAFSTOR for the closed unit with
the intention of simultaneously decom-
missioning the entire site when all of the
reactors go out of service.

Decommissioning produces several
types of radioactive wastes and emis-

Reactor Decommissioning Worldwide

Dozens of nuclear reactors have
been shut down or are expected
to close soon in Europe, Canada,

the former Soviet republics, and Japan.
The great majority of near-term decom-
missioning work will take place in
Europe: France, Germany, and Britain
each are currently decommissioning 20
or more reactors, while nations using
less nuclear power, such as Italy, Bel-
gium, Spain, and Sweden, are decom-
missioning one or more reactors.

The European Commission (EC) is
working to harmonize national decom-
missioning policies, which vary wide-
ly on key questions such as how long
sites will be put in safe storage to
allow radiation to decay (from a maxi-
mum of 30 years in Finland to 135
years in Britain). Waste management
poses a serious challenge: The EC
estimates that by 2060, decommission-
ing will produce more than 2 million
metric tons of metallic waste and con-
crete, but many member states current-
ly have limited storage and disposal
options at best.1

The ongoing international effort to
close unsafe Soviet-designed reactors
in central and eastern Europe has
important decommissioning implica-
tions. The European Community has
made closure of these reactors a condi-
tion for membership and has pledged
financial support for decommissioning
eight reactors in Lithuania, Bulgaria,
and Slovakia that are expected to be
closed by 2008. The European Bank
for Reconstruction and Development is
collecting international contributions
for these projects and supports pre-

sions. NRC estimates that decommission-
ing a typical power reactor will produce
minor releases of airborne radioactive
dusts and particles, which are largely
caught by filters in containment build-
ings. The process also produces radioac-
tive liquid effluents, most of which are
decontaminated through filtration and ion
exchange methods used during reactor
operations. The solids filtered out of liq-
uid radioactive wastes are disposed of at
low-level waste sites, as long as they meet

federal low-level waste criteria. The main
exception is water contaminated with trit-
ium, which is normally discharged at
controlled rates to surface water bodies.7

Decommissioning also produces three
categories of solid radioactive waste.

• Low-level waste (LLW) includes
contaminated clothing, sludges, equip-
ment, piping, and concrete. LLW consti-
tutes 99 percent by volume, but less than
0.1 percent by radioactivity, of all com-
mercial nuclear waste.8

• Mixed low-level waste (MLLW)
comprises blends of radioactive and haz-
ardous substances, such as metallic lead
shielding. It accounts for only a few per-

cent of LLW.
• High-level waste (HLW) consists of

irradiated spent nuclear fuel. Because it
is highly radioactive and poses serious
public and worker health risks, spent
fuel must be shielded to contain its
radioactivity and so that the heat gener-
ated by radioactive decay can be dis-
persed slowly in a controlled manner. 

NRC estimates that decommissioning
a large power reactor will generate more
than 18,000 cubic meters of LLW.9

Most LLW is buried in shallow trenches
at licensed sites in Washington, Utah,
and South Carolina. MLLW is generally
stored on site. (Commercial reactors
typically generate only about two 55-
gallon drums per year.) There is a short-
age of capacity for some types of
MLLW, although firms in Utah, Ten-
nessee, Florida, and Texas accept and
treat various types of MLLW.10 The
Department of Energy (DOE) signed
contracts in the 1980s to accept com-
mercial spent fuel for disposition in a
geologic repository in Yucca Mountain,
Nevada, starting in January 1998 but is
far behind schedule and currently
expects to start accepting fuel no sooner
than 2010.

Risks in Decommissioning

Nuclear power regulation in the Unit-
ed States is shifting away from a philos-
ophy that one recent analysis character-
izes as “conservative . . . deterministic
and prescriptive,” to a risk-based ap-
proach that seeks to make the regulatory
process more efficient while still pro-
tecting public safety.11 NRC is moving
to a risk-informed, performance-based
regulatory strategy, oriented by a “risk
triplet” of three basic questions:

• What can go wrong?
• How likely is it to occur?
• What are the consequences?12

These questions are systematically
analyzed through probabilistic risk
assessment methods, such as event tree
and fault tree analysis.13 The basic idea is
to identify events that may cause engi-

decommissioning work at Ukraine’s
Chernobyl plant.

Four nuclear power plants have shut
down in Russia, and another ten units
may close in the coming decade,
although Russian officials are consider-
ing life-extensions. Russia does not
have adequate funding, a regulatory
framework, or defined waste manage-
ment and disposal plans for reactor
decommissioning.2

Because most Asian reactors are not
as far into their licensed operating lives,
decommissioning there is a less urgent
issue—although it will become a con-
cern as reactors age in Japan, South
Korea, and Taiwan, all of which derive
major shares of their electricity from
nuclear power. However, none of these
countries currently has a viable plan for
long-term management of radioactive
waste, so decommissioning may loom
larger in coming decades. In September
2000, Taiwanese Economics Minister
Lin Hsin-Yi sparked controversy by
arguing that Taiwan should scrap their
partially constructed fourth nuclear
power plant and phase out nuclear
power by 2025 because it lacked a way
to safely dispose of nuclear waste.

1. P. Vankerckhoven, “European Regulatory and
Policy Strategy Aspects on Nuclear Decommission-
ing,” European Commission DGXI/C3, accessed
via http://www.sckcen.be.eccdecmmissioning on 7
December 2000.

2. Review of Existing and Future Requirements
for Decommissioning Nuclear Facilities in the CIS,
prepared for the European Commission, Directorate
General XI (January 1999), accessed via
http://europa.eu.int/comm/environment/nuclear/
reports.htm on 21 December 2000.

Removing spent fuel from the reactor is a
crucial step in the decommissioning process.
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neering systems to fail and to characterize
how radioactive material may be released
into the environment, potentially harm-
ing workers or the public through inhala-
tion, ingestion, or external exposure.
Releases of radioactive material from
decommissioning activities are moni-
tored to ensure they meet NRC criteria.
Current decommissioning regulations do
not require licensees to use probabilistic
risk assessment if activities are within the
scope of the reactor’s license. However,
if licensees seek changes that require
license amendments and go beyond tech-
nical reviews that NRC has performed,
then a licensee may be asked to submit a
probabilistic risk assessment for review.14

NRC has used probabilistic risk assess-
ment to identify risks from decommis-
sioning, particularly hazards associated
with spent fuel pool accidents as de-
scribed below.

In general, decommissioning a power
reactor poses substantially less health
risk to the general public and to plant
workers than an operating reactor. How-
ever, a release of radiation from an acci-
dent in the reactor’s spent fuel pool sys-
tem could present a serious threat to
public safety.15 The most dangerous sce-
nario would arise if the spent fuel pool
cooling system malfunctions or coolant
leaks out and the zirconium in the fuel
rods is exposed to air. Were this chain of
events to occur, the rods could sponta-
neously catch fire and release radioac-
tive material into the atmosphere. Current-
ly, at most defueled reactors, portable,
skid-mounted pumps and heat exchang-
ers cool the pools. At operating reactors,
additional safety measures, such as
physical separation, barrier protection,
and emergency on-site power sources
provide further protection against cool-
ing system malfunction.16 Analytical
modeling has shown that if the cooling
system fails at reactors that have ceased
operations, a minimum of 100 hours
would have to pass before the older,
decayed, spent fuel would generate suf-
ficient heat to boil off enough coolant to
uncover the fuel rods and start a zirconi-
um fire.17 For this reason, safety mea-
sures are relaxed at such sites. Because

(continued on facing page)

Start of
Capacity commercial License

Year Reactor State (MW) operation renewal?

2006 Dresden 2 IL 791 1969

2007 Palisades NY 730 1971

2009 Nine Mile Point 1 NY 565 1969
Ginna NJ 480 1970
Oyster Creek 1 NJ 637 1969

2010 Robinson 2 SC 683 1971 Applying in 2002
Monticello MN 578 1971
Point Beach 1 WI 485 1970 Applying in 2002

2011 Dresden 3 IL 791 1971

2012 Vermont Yankee VT 510 1972
Surry 1 VA 801 1972 Applying in 2001
Pilgrim 1 MA 670 1972 Applying in 2004
Turkey Point 3 FL 693 1972 Applied in 2000
Quad Cities 1 IL 769 1973
Quad Cities 2 IL 769 1973

2013 Surry 2 VA 801 1973 Applying in 2001
Point Beach 2 WI 485 1972 Applying in 2002
Turkey Point 4 FL 693 1973 Applied in 2000
Peach Bottom 2 PA 1,093 1974 Applying in 2001
Fort Calhoun 1 NE 478 1973 Applying in 2002
Prairie Island 1 MN 522 1973
Indian Point 2 NY 951 1974
San Onofre 2 CA 1,070 1983
San Onofre 3 CA 1,080 1984
Kewaunee WI 511 1974

2014 Cooper NE 764 1974 Applying in 2003
Duane Arnold IA 520 1975
Three Mile Island 1 PA 786 1974
Arkansas Nuclear AR 836 1974 Applied in 2000

One 1
Browns Ferry 2 AL 1,118 1975 Applying in 2003
Peach Bottom 3 PA 1,093 1974 Applying in 2001
Hatch 1 GA 787 1975 Applied in 2000
FitzPatrick NY 813 1975
DC Cook 1 MI 1,000 1975
Prairie Island 2 MN 522 1974
Brunswick 2 NC 811 1975 Applying in 2004

2015 Millstone 2 CT 873 1975
Indian Point 3 NY 965 1976

2016 Beaver Valley 1 PA 810 1976 Applying in 2004
St. Lucie 1 FL 830 1976 Applying in 2002
Browns Ferry 3 AL 1,118 1977 Applying in 2003
Salem 1 NJ 1,106 1977
Brunswick 1 NC 820 1977 Applying in 2004
Crystal River 3 FL 818 1977

2017 Davis-Besse OH 873 1978
Farley 1 AL 847 1977 Applying in 2003
DC Cook 2 MI 1,060 1978

2018 North Anna 1 VA 893 1978 Applying in 2001
Hatch 2 GA 855 1979 Applied in 2000
Arkansas Nuclear AR 858 1980 Applying in 2003

One 2

2020 Salem 2 NJ 1,106 1981
North Anna 2 VA 897 1980 Applying in 2001
Sequoyah 1 TN 1,123 1981
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many measures, such as refilling the
pool, may be taken in the time between
system failure and rod exposure, the
redundant safety measures required for
operating reactors may not be necessary
during decommissioning. 

Plant workers may be accidentally
exposed to radiation while performing
decommissioning tasks. For example, at
the Maine Yankee reactor, previously
used shipping containers were moved on
29 September 2000 from the nuclear side
of the plant to the non-nuclear side, where
workers received a dose of 1 millirem
(mrem), (NRC’s annual dose limit for the
general public is 25 mrem.) which is con-
sidered to be a very low radiation dose.18

Additionally, the general public may
receive a very small dose simply by
standing next to a transport vehicle when
low-level radioactive waste (LLW) is
moved for off-site disposal. NRC esti-
mates that a person standing six feet from
a transport vehicle for one hour would
receive a dose of 10 mrem.19 There is
greater risk if a transport vehicle is
involved in a major accident. To reduce
this risk, LLW is shipped in specially
designed casks and is transported in solid
form so that contamination from a trans-
portation accident would be unlikely to
spread beyond a small area.20

Decommissioning has smaller potential
health and safety impacts than extending
the license of an operating plant. This
does not imply, however, that decommis-
sioning is automatically preferable to life
extension. In fact, NRC has made a gener-
ic finding that the environmental impacts
of renewing a license and the concomitant
risks are not expected to exceed its health
and safety regulations.21 License exten-
sion decisions involve many factors, such
as the replacement cost and the environ-
mental impact of the substitute power,
such as sulfur, nitrogen, and carbon emis-
sions from fossil fuel plants, as well as the
economic impact to the local community
through job losses and decreased tax rev-
enues after plant closure.22

Current Issues
As reactors age and the U.S. electric

industry moves from regulated monop-

Table 1. continued

Start of
Capacity commercial License

Year Reactor State (MW) operation renewal?

Table 1. License expiration dates 
for U.S. nuclear power plants

2021 Farley 2 AL 852 1981 Applying in 2003
McGuire 1 NC 1,129 1981 Applying in 2001
Sequoyah 2 TN 1,118 1982
Diablo Canyon 1 CA 1,073 1985

2022 Lasalle 1 IL 1,078 1984
Grand Gulf 1 MS 1,204 1985
Susquehannah 1 PA 1,090 1983
Summer 1 SC 948 1984 Applying in 2002

2023 McGuire 2 NC 1,129 1984 Applying in 2001
St. Lucie 2 FL 830 1983 Applying in 2002
Lasalle 2 IL 1,078 1984
Washington Nuclear 2 WA 1,107 1984

2024 Susquehanna 2 PA 1,094 1985
Callaway 1 MO 1,125 1984
Limerick 1 PA 1,134 1986
Byron 1 IL 1,105 1985
Catawba 1 SC 1,129 1985 Applying in 2001
Waterford 3 LA 1,075 1985
Palo Verde 1 AZ 1,243 1986

2025 Wolf Creek KS 1,163 1985
Fermi 2 MI 1,080 1988
Diablo Canyon 2 CA 1,087 1986
River Bend 1 LA 936 1986
Millstone 3 CT 1,140 1986
Palo Verde 2 AZ 1,243 1986

2026 Catawba 2 SC 1,129 1986 Applying in 2001
Perry 1 OH 1,160 1987
Hope Creek 1 NJ 1,031 1986
Clinton IL 930 1987
Braidwood 1 IL 1,120 1988
Seabrook NH 1,158 1990
Harris 1 NC 860 1987
Nine Mile Point 2 NY 1,123 1988
Byron 2 IL 1,105 1987

2027 Vogtle 1 GA 1,151 1987
Palo Verde 3 AZ 1,247 1988
Beaver Valley 2 PA 820 1987 Applying in 2004
S. Texas Project 1 TX 1,251 1988
Braidwood 2 IL 1,120 1988

2028 S. Texas Project 2 TX 1,251 1989

2029 Vogtle 2 GA 1,154 1989
Limerick 2 PA 1,115 1990

2030 Comanche Peak 1 TX 1,150 1990

2033 Comanche Peak 2 TX 1,160 1993
Oconee 1 SC 846 1973 Approved (2000)*
Oconee 2 SC 846 1974 Approved (2000)*

2034 Oconee 3 SC 846 1974 Approved (2000)*
Calvert Cliffs 1 MD 835 1975 Approved (2000)*

2035 Watts Bar 1 TN 1,158 1996

2036 Calvert Cliffs 2 MD 840 1977 Approved (2000)*

*License expiration dates here reflect license extensions.
MW=megawatts
SOURCE: Nuclear Regulatory Commission, Nuclear Energy Institute. License applica-
tion extensions current as of February 2001. It is likely that more reactor owners will
apply for extensions.
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oly to competition, nuclear power watch-
ers are raising questions about decom-
missioning. Key questions include: Who
should pay for decommissioning? How
should the resulting waste be managed?
And does the regulatory process ade-
quately mitigate risks and give meaning-
ful roles to stakeholders (e.g., local com-
munities, state and local governments,
workers at the reactor, the utilities that
own the reactors, and contractors who
perform much of the decommissioning
work)?

Who Pays?

Decommissioning costs vary from site
to site but average roughly $300 million
to $500 million for large commercial
power reactors (mainly for labor, energy,
and radioactive waste management).
NRC requires licensees to set aside or
provide surety for decommissioning
costs, which are estimated according to
an annually adjusted formula.23 Current-
ly, the minimum amount required to
assure decommissioning is $290 million
for pressurized-water reactors (PWRs)
and $370 million for boiling-water reac-
tors (BWRs) (in 1999 dollars).24 These
figures do not include non-radioactive
cleanup or storing spent fuel on site,
even though both issues represent signif-
icant additional costs for licensees.25

Nearly all operating utilities earmark
a portion of their revenues for decom-
missioning and deposit the money in
dedicated trust funds. In 1999, the Gen-
eral Accounting Office (GAO) reported
that under likely assumptions, nearly
half of U.S. nuclear power reactor own-
ers (36 out of 76 licensees) had not accu-
mulated sufficient decommissioning
funds through the end of 1997, although
all but 15 had since increased their sav-
ings rate to make up these shortfalls.26

GAO implied that these shortfalls were
due to major uncertainties in the decom-
missioning process, which are described
below. Because licensees typically build
up funds for decommissioning by invest-
ing a share of their profits over the life of
reactors, restructuring the electric utility
industry in many states—which has
required utilities that once earned guar-

anteed rates of return to compete in the
marketplace—raises additional concerns
about paying for decommissioning. To
date, most states that have restructured
their electric utility industries have
allowed nuclear plant owners to recover
decommissioning costs through a “non-
bypassable wires charge,” a mandatory
fee paid by all consumers regardless of
whether their source of electricity is
nuclear power.27

Reactors that shut down well before
the end of their licensed operating lives
may not accumulate all of the funds
needed for decommissioning. In such
cases, if utilities seek to keep collecting
decommissioning funds from ratepayers,
they must gain approval from the Feder-
al Energy Regulatory Commission
and/or state public utility commissions,
which may resist burdening consumers
with the entire cost. For example, public
utility companies in Maine and Con-
necticut required the owners of the Con-
necticut Yankee and Maine Yankee reac-
tors, which closed in 1996 and 1997,
respectively, to reach settlements in
which ratepayers and shareholders would
share decommissioning costs.28

Dealing with Radioactive Waste

Nuclear waste disposition raises major

uncertainties for reactor decommission-
ing. Because no geologic repository for
high-level waste is available, licensees
are storing spent fuel at reactors in pools
or dry casks.29 This may hinder release of
decommissioned sites because storage
facilities must be kept secure until DOE
accepts the spent fuel (although other
portions of the sites may be released).30

DOE is expected to start accepting fuel at
Yucca Mountain no sooner (and probably
later) than 2010. The opening of the
Yucca Mountain facility has been
delayed by many factors, notably the
complex geology at the site. As of mid-
2000, 15 nuclear plants had built on-site
dry cask storage facilities for spent fuel.31

Disposing of low-level waste (LLW)
could pose a problem in coming
decades. LLW disposal became the
responsibility of the states after the pas-
sage of the Low-level Radioactive Waste
Policy Act in 1980 (amended in 1985),
which was designed to increase LLW
capacity and to distribute the burden
equitably among the states. Although
states have spent nearly $600 million
since 1980 on efforts to develop LLW
disposal facilities, none have been
licensed, due mainly to public and polit-
ical resistance. Depending on how many
reactors cease operation in the next sev-
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Table 2. U.S. commercial nuclear power reactor decommissioning
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By seeking public comment on controversial issues during the decommissioning of Oregon’s
Trojan reactor (scheduled for completion in 2003), state regulators avoided the public relations
problems that have delayed the process in other cases.

Capacity
Reactor (State) Type (MW) Operation Method Status

Big Rock Point (MI) BWR 67 1963–1997 DECON Spent fuel will be loaded into dry storage in
2001 or 2002; target end date for 
decommissioning is 2004.

Dresden 1 (IL) BWR 197 1960–1978 SAFSTOR SAFSTOR until Dresden 2 and 3 end 
operation (licensed through 2006 and 2011;
owner may apply for license extensions).

Fermi 1 (MI) FBR 65 1966–1972 SAFSTOR Owner announced plans to decommission in
October 2000; target end date is
2005–2007.

Fort St.Vrain (CO) HTGR 330 1979–1989 DECON Decommissioning complete; converted to
gas-fired power plant.

Vallecitos (CA) BWR 30 1957–1963 SAFSTOR No current plans for decommissioning.

Haddam Neck (CT) PWR 560 1968–1996 DECON About 30% of physical decommissioning
work has been carried out; target end date
is 2004.

Humboldt Bay 3 (CA) BWR 63 1963–1976 SAFSTOR Owner expects to move spent fuel to dry
storage by 2005 and to dismantle plant by
2015.

Indian Point 1 (NY) PWR 257 1962–1974 SAFSTOR SAFSTOR until Indian Point 2 and 3 end
operation (licensed through 2013 and 2015).

Lacrosse (WI) BWR 48 1969–1987 SAFSTOR Target date for complete decommissioning is
2019.

Maine Yankee (ME) PWR 860 1972–1997 DECON Dismantlement in process; expected to be
completed by 2004.

Millstone 1 (CT) BWR 641 1971–1998 SAFSTOR No target date for dismantling plant;
Millstone 2 licensed through 2015.

Pathfinder (SD) BWR 59 1966–1967 SAFSTOR Decommissioning completed.

Peach Bottom 1 (PA) HTGR 40 1967–1974 SAFSTOR SAFSTOR until Peach Bottom 2 and 3 end
operation (licensed through 2013; owner
plans to apply for license extensions).

Rancho Seco 1 (CA) PWR 873 1975–1989 SAFSTOR Dismantlement in process; target completion
date for decommissioning 2012.

San Onofre 1 (CA) PWR 436 1968–1992 SAFSTOR Dismantlement in process; target completion
date 2008.

Shoreham (NY) BWR 820 1989 DECON Decommissioning completed; site released
for unrestricted use.

Three Mile Island 2 (PA) PWR 880 1978–1979 SAFSTOR Unit placed in long-term safe storage after
cleanup of 1979 accident; TMI 1 license
expires in 2014.

Trojan (OR) PWR 1,095 1976–1992 DECON Reactor vessel and large components
removed; final site survey plan under state
and NRC review; target end date 2003.

Yankee Rowe (MA) PWR 167 1961–1991 DECON Radioactive components removed from site;
spent fuel to be moved to dry cask storage
in 2001, followed by building dismantlement.
Licensee withdrew license termination plan
from consideration in 1999 for revisions.

Zion 1 (IL) PWR 1,040 1973–1998 SAFSTOR Funding for decommissioning will not permit
the start of dismantlement phase until 2015
or later.

Zion 2 (IL) PWR 1,040 1974–1998 SAFSTOR Same as Zion 1.

MW = megawatts; BWR = boiling-water reactor; FBR = fast breeder reactor; HTGR = high-temperature gas-cooled reactor;
PWR = pressurized-water reactor.

SOURCE: Data compiled from International Atomic Energy Agency and Nuclear Regulatory Commission reports, licensee materials,
and telephone interviews with licensees.
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exposure to ionizing radiation.40

In mid-2000, then Energy Secretary
Bill Richardson suspended radioactive
recycling at DOE facilities, and NRC
requested guidance from the National
Academy of Sciences on how to regulate
recycling of radioactive materials. No
formal NRC action on the issue is
expected until mid-2001, at the earliest.
The issue is also contested in Europe:
The European Union issued a radiation
protection directive in 1996 that allows
members to adopt their own standards
for releasing slightly radioactive materi-
als, but there is little agreement among
member states on what levels and proce-
dures should be considered safe.41 U.S.
and European metal industries that could
receive recycled materials from nuclear
facilities have opposed the general con-
cept of radioactive metal recycling for
fear of public resistance.

NRC Oversight 
of Decommissioning

Current U.S. decommissioning rules
divide the process into three stages: ini-
tial activities, major decommissioning
activities/preparation for storage or
dismantlement, and activities to termi-
nate the license.42 Specific fractions of
decommissioning funds may be expend-
ed at each stage. 

After deciding to end operations, a
licensee must certify in writing to NRC
within 30 days that the reactor is perma-
nently shut down. Within two years of
permanent shutdown, the licensee must
submit a post-shutdown decommission-
ing activities report (PSDAR) to NRC
and appropriate state officials. The
PSDAR describes decommissioning
activities and provides schedule mile-
stones and a general cost estimate. It also
evaluates site-specific environmental
impacts and determines whether these im-
pacts were reviewed in NRC’s 1988
generic environmental impact statement
on decommissioning or in the site-spe-
cific environmental impact statement
issued when the reactor was originally
licensed.43 The PSDAR demonstrates
that the expected environmental impacts

plant and wildlife habitats, and wetlands
at the site (see the box on page 16).

The third stage begins two years
before the licensee is ready to terminate
the license. At this point the licensee sub-
mits a license termination plan, which
must include:

• a site characterization,
• a list of remaining dismantlement

activities,

from decommissioning, such as radioac-
tive releases to air or water, fall within
the ranges projected in these documents;
if not, the licensee must request a license
amendment for the proposed activities
and address these impacts.44

As part of the first stage, licensees
must also update the final safety analysis
report (FSAR), which describes the
reactor, its design basis, and its safety
systems.45 An updated FSAR explains
how structures, systems, and
components will be affected dur-
ing decommissioning and pro-
vides the basis for the licensee to
perform activities that do not
require a license amendment.46

The PSDAR is a relatively
sketchy outline of decommis-
sioning activities, but the FSAR
for decommissioning is a
detailed description of the plant
and its operations and the struc-
tures, systems, and components
that affect safety—all in refer-
ence to the plant’s initial design.
The FSAR for decommissioning
may be several hundred pages
and may include updates as
decommissioning progresses.47

The second stage of decom-
missioning involves either re-
moving and dismantling compo-
nents (DECON) or preparing the
reactor for safe storage (SAFS-
TOR). Licensees may perform
major decommissioning activi-
ties 90 days after the PSDAR is
submitted and 30 days after NRC
holds a public meeting in the
vicinity of the reactor. Major
activities include permanently removing
major radioactive components, such as
the reactor vessel and steam generators,
and altering the structure of the contain-
ment vessel (cutting it into pieces).
Decommissioning techniques include
cutting metals and concrete, using abra-
sive blasting to remove surface contami-
nation, dismantling highly radioactive
components (sometimes using remote
equipment), and ultimately, demolishing
the buildings.48 These activities can
affect soil conditions, ground water,

of the site, it must show that it has dis-
cussed this decision with the local com-
munity.50 This final stage is a licensing
action, so the public is entitled to petition
NRC for a formal adjudicatory hearing. 

Stakeholder Concerns

In general, decommissioning thus far
has generated less public controversy
than siting reactors or managing nuclear
waste. There are many possible explana-

tions for this relative lack of con-
cern: The decommissioning mission
is relatively new, and therefore
many projects are in their early
stages. Furthermore, decommis-
sioning is about the removal of
nuclear technology, rather than its
introduction. As nuclear safety
engineer David Lochbaum of the
Union of Concerned Scientists
observes, “Even those with safety
concerns about the pathway see that
outcome as lowering their risk.”51

In some cases, however, choices
about how to decommission have
drawn significant local criticism.
One central question is whether
stakeholders are able to evaluate the
environmental and public health
impacts of proposed decommis-
sioning actions critically and inde-
pendently. Critics contend that the
regulatory process does not provide
early opportunities to understand
precisely how decommissioning
activities will proceed and that it
does not allow citizens ample time
to intervene if they believe the plan
poses a threat to public health or the
environment. 

Citizens, environmental groups, and
state regulators have raised specific ques-
tions about issues such as emergency
planning (especially for spent fuel pool
accidents), the roles of federal and state
regulatory agencies, and the adequacy of
licensees’ radiation site survey meth-
ods.52 Some licensees have created citi-
zen advisory panels to improve public
participation in decommissioning, but
these bodies are not mandated by NRC
regulations and are convened at the dis-
cretion of the licensee. At a hearing on
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eral decades and how many licensees opt
for rapid decommissioning, a shortage
of LLW disposal space could occur. Pos-
sible remedies to this shortfall include
opening the disposal market to private
competition or requiring DOE to accept
LLW at federal sites, but both of these
options would have to overcome the
unwillingness of states to host disposal
sites.32

Low-Level Radiation Risks

Controversy over the health effects of
low-level radiation has spurred debate
over “how clean is clean” in decommis-
sioning. NRC requires licensees to clean
up sites so that the maximum total effec-
tive dose equivalent will not exceed 25
mrem per year from all pathways and to
reduce doses to as low as reasonably

achievable below that threshold.33 The
U.S. Environmental Protection Agency
(EPA), which is authorized under the
Atomic Energy Act to set general stan-
dards for protecting the public from
radiation hazards but not to implement
or enforce them, supports an all-pathway
limit of 15 mrem per year, plus an addi-
tional limit of 4 mrem per year for
ground water. EPA has indicated that it
may view NRC’s standards as inade-
quate and may seek to enforce tighter
limits through its authority to regulate
cleanups at Superfund sites.34

The nuclear industry supports the less
stringent standard, arguing that some
owners of nuclear plants may be subject
to both NRC and EPA standards and that
this potential dual regulation is redun-
dant and inefficient. Conversely, many
environmentalists argue that the primary
goal in an area of scientific uncertainty
should be protecting human health
rather than minimizing cleanup costs.35

Even so, the cost of requiring licensees
to comply with the higher standards
could be substantial: NRC estimates that
cleaning up ground water at a generic
nuclear site from a baseline of 25 mrem
per year to 3 mrem per year could cost
up to $7 million.36 Nonetheless, in
response to stakeholder concerns, sever-
al licensees have pledged to meet more
stringent standards than those required
by NRC.37

The risks associated with recycling
slightly radioactive materials (including
metals, concrete, and soils) from decom-
missioned facilities into other uses have
sparked a debate. NRC has struggled for
more than a decade to define a threshold
level of radioactivity in waste streams
below which materials need not be regu-
lated and in the interim has approved
release requests on a case-by-case basis.38

The controversy intensified in the mid-
1990s when DOE awarded cleanup con-
tracts at nuclear weapons facilities that
included plans to recycle large quantities
of slightly radioactive metal.39 Labor
and environmental groups objected that
NRC and EPA had not been able to
agree on national recycling standards
and argued that there is no safe level of

Reducing the
Impact of

Decommissioning

Environmental impacts of decom-
missioning may be reduced
through techniques including:

• decontamination procedures that
minimize generation of radioactive
residues (for example, scraping or
sand-blasting may produce less
residue than using a liquid wash);

• segregation of radioactive waste
and decontamination residues from
nonradioactive waste;

• minimization of potential releases
during transportation of radioactive
waste (for example, by avoiding
urban areas);

• use of controls and procedures dur-
ing demolition to minimize
contamination of tools and equip-
ment, during spills and potential
introduction of pollutants to ground
water, and during generation of par-
ticulates and dust emissions; and

• limited access to radiation control
areas.1

1. U.S. Environmental Protection Agency,
Office of Federal Activities, “Pollution Preven-
tion/Environmental Impact Reduction Checklist
for Nuclear Decommissioning” (January 1995).

Decommissioning involves the removal of large
contaminated components from the reactor and the transfer
of these components to appropriate waste storage facilities.
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• plans for site remediation,
• detailed plans for the final radiation

survey,
• a description of the end-use of the site,

if restricted,
• an updated site-specific cost esti-

mate,49 and
• a supplement to the environmental

report describing any new information
or significant environmental change
associated with the licensee’s termina-
tion activities.

If the licensee proposes restricted use
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is room for greater transparency and
better communication about decommis-
sioning activities—especially given its
connections to other complex policy
debates such as nuclear waste manage-
ment and electric utility deregulation.
European regulations are stronger on
this point: The European Commission
passed a directive in 1997 instructing
member states to require site-specific
environmental impact assessments for
nuclear decommissioning projects and
is putting specific emphasis on public
information as part of its effort to
develop a code of conduct for European
decommissioning.63

Closing “knowledge gaps” that may
undermine public confidence would be a
key step in this direction. For example,
after NRC holds a public meeting on a
licensee’s post-shutdown decommis-
sioning activities report, it releases a
meeting transcript but does not issue any
formal institutional response to concerns
raised at the meeting. This shortcoming
allows stakeholders no means to deter-
mine whether and how their concerns
will be addressed during decommission-
ing. NRC should follow the example of
other agencies by preparing a summary
of the issues raised and an explanation of
its regulatory response and by making

these items available on-line. DOE has
done this for several controversial
issues, including environmental impact
statements associated with nuclear
weapons production facilities and sever-
al reports on management and disposi-
tion of excess plutonium from disman-
tled nuclear weapons.

Another trust gap could be closed by
verifying the accuracy of the information
in the updated final safety analysis report
(FSAR) for decommissioning. Under
current regulations, licensees must fol-
low NRC guidance in updating FSARs,
but NRC does not systematically and
critically review updated FSARs.64 NRC
should perform some type of risk-
informed, documented safety review of
the updated FSAR, focusing on how
decommissioning activities may affect
the likelihood of accidents. NRC should
make its analysis publicly available so
that stakeholders can see for themselves
how the updated FSAR addresses unre-
solved issues raised in connection with
the post-shutdown decommissioning
activities report, as well as issues affect-
ing the risk of accidents.

As decommissioning progresses
nationwide, NRC should provide more
comprehensive reports on the mission—
including lessons learned from com-

pleted projects—through an annual
report or an Internet home page with
space for public comments. Several
states have created useful web pages to
inform the public about local decom-
missioning projects, but only NRC is in
a position to draw this information
together and summarize what has been
accomplished and what remains to be
done.65

The Yankee Rowe and Maine Yankee
examples have several common factors
that may have contributed to tensions
over decommissioning. Both reactors
shut down before the end of their
licensed operating lives after controver-
sies about whether they were operating
safely, leading some stakeholders to
question the owners’ competence to
manage nuclear risks.66 After closure, as
discussed above, both sites pursued con-
troversial approaches to decommission-
ing (early component removal at Yankee
Rowe and rubblization at Maine Yankee)
that intensified local safety fears and per-
ceptions that the companies were seek-
ing to decommission in the most expedi-
ent, rather than the safest, way. These
issues may not arise at other sites, but
they suggest that reactor owners with
similar trust handicaps should pay par-
ticular attention to stakeholder concerns. 

18 ENVIRONMENT JULY/AUGUST 2001

the Maine Yankee plant, one citizen
remarked that the process “relies on a
reporting system, basically a system of
trust.”53

In contrast, prior to 1996, licensees
were required to submit a decommis-
sioning plan and were not permitted to
carry out any major decommissioning
activities until NRC reviewed the plan,
assessed site-specific environmental
impacts, and amended the reactor license.
This process also offered an opportunity
for state review.54 Currently, the post-
shutdown decommissioning activities
report (PSDAR) effectively substitutes
for a decommissioning plan in reactor
decommissioning, and because the
process does not involve a license
amendment, the public cannot request a
formal hearing with the right to conduct
discovery and cross-examine witnesses.
Citizens living nearby closed reactors
complain that PSDARs contain few
details about environmental impacts of
decommissioning and assert that site-
specific analyses should be required.55

The first major controversy over NRC
oversight of decommissioning occurred
in 1993 under the system requiring
decommissioning plans, when NRC

allowed Yankee Atomic Energy Co. to
conduct an “early component removal
project,” which involved removing and
dismantling major components account-
ing for 90 percent of the nonfuel residual
radioactivity on site, before submitting a
decommissioning plan for its Yankee
Rowe plant in Massachusetts.56 Citizens
Awareness Network (CAN), a local
watchdog group, went to court after
requesting hearings on the component
removal plan. In CAN v. NRC, the First
Circuit ruled that NRC’s action was arbi-
trary and capricious because it had not
explained the shift in policy. The court
argued that allowing Yankee Atomic to
complete 90 percent of decommission-
ing prior to assessing environmental
impacts amounted to a skirting of the
National Environmental Policy Act.57

In 1996, NRC published its current
decommissioning rule, establishing the
PSDAR requirement in lieu of a decom-
missioning plan. NRC reasoned that
major decommissioning activities were
not sufficiently different from activities
conducted during normal reactor opera-
tions to require a license amendment, as
long as those activities did not prevent
the site from being released from its

license for some future use, result in sig-
nificant environmental impacts that had
not been previously documented in rele-
vant environmental reviews, or threaten
the availability of adequate decommis-
sioning funds.58 By providing the rea-
soning underlying this new policy and
offering opportunities for public review
and comment on the new rule, NRC held
that it had addressed the issues raised in
CAN v. NRC.59 Critics assert, however,
that the current regulatory process does
not provide stakeholders enough infor-
mation to conclude whether the planned
decommissioning is indeed safe. For
example, in 1997, Maine Yankee Atomic
Power Company submitted a PSDAR for
its Maine Yankee plant. The 12-page
report contained a mere four paragraphs
on radiation doses to workers and the
public, low-level waste burial volumes,
and radioactive effluent controls.60 Sev-
eral years of debate followed as the
power company sought approval for a
controversial concept called “rubbliza-
tion,” which would have allowed it to
bury concrete contaminated with low
levels of radiation in the basement of the
plant under a soil and clay cap. Oppo-
nents, including EPA, argued that this
process amounted to creating an unli-
censed low-level waste site. Maine Yan-
kee Atomic Power Company also sought
to prevent Maine state regulators from
performing their own radiation soil sur-
veys at the site. To the power company’s
credit, it recognized the importance of
listening to stakeholders and is revising
its license termination plan: The compa-
ny has abandoned the “rubblization”
option and will clean up the site to radi-
ation levels below federal require-
ments.61 It is not surprising that at a press
conference in September 2000 company
president Mike Meisner said, “The hard
part [of decommissioning] is dealing
with a range of stakeholders.”62

Observations 
and Recommendations

Although U.S. nuclear regulators are
seeking to streamline the current sys-
tem and make it less cumbersome, there

After fuel has been removed from a reactor, the internal surface remains radioactive.
Under the SAFSTOR option, reactors are left on site for as long as several decades to
allow the radioactivity to decay before being dismantled.

The U.S. Department of Energy (DOE) signed contracts in the 1980s to accept spent fuel for geological disposition at Yucca Mountain
in 1998. But, due to complexities in the geology of the site, DOE is far behind schedule and currently expects to start accepting spent
fuel no sooner than 2010.
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Conversely, experiences at other sites,
such as Oregon’s Trojan reactor, suggest
that decommissioning can proceed
smoothly under the right circumstances.
One factor that contributed to success at
Trojan was thorough involvement of
state regulators, who sought public com-
ment independently of NRC on several
controversial issues, such as the trans-
port of large radioactive components by
barge up the Columbia River for dispos-
al in Washington State.67

As other analysts have observed,
decommissioning received little attention
during nuclear power’s worldwide expan-
sion in the 1970s and 1980s. This is evi-
denced not only by the relative lack of
emphasis on design for decommissioning
in currently operating reactors but also by
patchy and incomplete regulatory struc-
tures in key nuclear countries.68 Nuclear
advocates contend that nuclear power
is an appropriate response to climate
change, but if decommissioning is not
executed systematically and competently
over the next several decades, it will like-
ly erode public support for additional
investments in nuclear power. Permanent-
ly contaminated sites will provide a visi-
ble counterweight to optimistic projec-
tions about the future performance of new
advanced reactors, and failure of regula-
tors to seriously address concerns over
issues such as the health impact of low-
level radiation will increase public mis-
trust of nuclear technologies. In sum, the
administrative challenges posed by
decommissioning civilian nuclear reac-
tors are at least as hard as the technical
mission. Though the nuclear industry has
obvious incentives to push for a more
efficient decommissioning process, the
future of nuclear energy may depend on
how much care is exercised during this
end-stage for nuclear reactors.
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