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TECHNICAL AND LEGAL ASPECTS OF THE
DECOMMISSIONING OF NUCLEAR INSTALLATIONS IN THE

USA

Introduction

At a time when the attention of the nuclear
community is focused primarily on the "front-end"
of the nuclear fuel cycle — on getting ordered
plants licensed, constructed, and in operation,
on ensuring safe operation, and on finding
markets for new orders — it may seem premature
to devote a significant part of this conference
to decommissioning. But decommissioning is
rapidly becoming a "here and now" issue: the
Nuclear Regulatory Commission's staff, which
has been conducting a comprehensive review of
the subject over the past five years, will be
recommending that the Commission adopt new
regulations governing decommissioning within
the next several months; numerous state legis-
latures now are considering legislation to /
ensure that adequate funds will be available to /
finance the decommissioning of nuclear power /
plants within their borders; both the American
Nuclear Society and the Atomic Industrial Forum
issued policy statements on decommissioning
earlier this year; and even a major national
television network in this country recently
devoted a segment of one of its nightly news
broadcasts to this subject.

The plain fact is that many of the plants
licensed in the early days of the commercial



nuclear power program will end their useful
lives and require decommissioning in the decade
of the 1990's. Thus, it is proper — and prudent
— that the nuclear industry, its regulators and
the broader body politic begin to confront this
issue now.

It is a privilege for me to share this
panel with the distinguished speakers from
other countries — Mr. Hubert from Belgium; Mr.
Nocera from Italy; Mr. Sanchez from Spain; and
Mr. Steinkemper from the Federal Republic of
Germany; and our able rapporteur, Mr. Martinez-
Favini from Argentina — and to add my remarks
on the U.S. program for and experience with
decommissioning to their scholarly contributions.

Overview

Decommissioning, simply stated, is the
process by which a nuclear facility is removed
from service at the end of its useful life.
The process may be accomplished either by
dismantling the plant and removing the wastes
from the site immediately or by isolating the
radioactivity from the environment until it
decays to an unrestricted level and then dis-
mantling the plant.

Although no large-scale commercial nuclear
power plant has ever been decommissioned in the
United States, nine small-scale prototype power
reactors have been decommissioned to date. Of
these nine reactors, five were licensed
commercial plants, owned and operated by private
sector utilities^/, and four werr- demonstration
plants owned by the Atomic Energy Commission (AEC).£/
A fifth demonstration reactor, the Department
of Energy's 72-megawatt Shippingport station,
the first reactor in the U.S. to demonstrate
production of commercial nuclear power, will be
decommissioned starting in 1984.3/ In addition,
six licensed test reactors, fifty-two licensed
research reactors, and one licensed nuclear ship
have been decommissioned.^/ Numerous non-licensed
government facilities have also been decommissioned.

The number and frequency of nuclear power
plants being decommissioned will increase
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dramatically toward the end of the century.
The Department of Energy (DOB) estimates that
about 15 operating commercial power reactors in
this country will be eligible for decommissioning
by the year 2000, an additional 53 such operating
plants by the year 2005, and 17 more by 2010,
assuming a 30-year reactor life.jj/ In addition,
several reactors may be decommissioned before
the end of their expected lives. In June, for
example, the Pacific Gas and Electric Company
announced it will decommission its 63-electrical
megawatt Humboldt Bay facility rather than
backfit it to withstand NRC seismic requirements.
Similarly, Indian Point Unit 1, which has been
shutdown since 1980 because it lacks an emergency
core cooling system, may soon be decommissioned.

The Nuclear Regulatory Commission has not
yet issued comprehensive regulations governing
the decommissioning of nuclear power plants.
Section 50.82 of the Commission's regulations
simply requires any licensee applying for
authority to surrender its license, dismantle
its facility, and dispose of its component
parts, to provide

information as to the proposed procedures
for the disposal of radioactive material,
decontamination of the site, and other
procedures, to provide reasonable assurance
that the dismantling of the facility and
disposal of the component parts will be
performed in accordance with the [NRC's]
regulations ... and will not be inimical
to the common defense and security or to
the health and safety of the public.^/

Further guidance is provided in Regulatory
Guide No. 1.86, "Termination of Operating
Licenses for Nuclear Reactors." Regulatory
Guide 1.86 provides that a utility wishing to
decommission an operating reactor may request
the NRC to amend its operating license to
permit possession, but not operation, of the
facility. The possession-only license allows
the licensee to dismantle the plant and dispose
of its component parts using one of four alter-
native methods specified in the Regulatory Guide.
The possession-only license also requires the
licensee to maintain surveillance and security
activities specified in the Regulatory Guide to
protect the public against residual radioacti-



vity. Finally, Regulatory Guide 1.86 sets
forth guidelines for decontamination of the
facility and its site to permit termination of
surveillance activities and unrestricted use of
the site.

Importantly, the NRC requires license
applicants to prepare and submit decommissioning
plans only immediately before decommissioning
the plant, not at either the construction
permit or operating license stage.2./ Accordingly,
decommissioning has not become a major issue in
nuclear power plant licensing proceedings.
Although a few intervenor groups in licensing
proceedings have challenged the ability of
license applicants to decommission plants
safely, in every case the licensing board
found such contentions to be without merit.**/

In 1977, however, the Public Interest
Research Group, an organization critical of the
U.S. nuclear power program and its regulations,
petitioned the NRC to initiate a rulemaking
proceeding on decommissioning. The petition
asked NRC to promulgate regulations for nuclear
power plant decommissioning that would require
plant operators to post bonds to be held in
escrow, prior to the plant commencing operation,
to ensure adequate funds for decommissioning.
In response to the petition, the NRC initiated
a rulemaking proceeding in March 1978, and is
now considering developing a more explicit decom-
missioning policy and amending its regulations
to provide more specific guidance on decommissioning
criteria.£/

The NRC staff is not expectec to recommend
proposed decommissioning regulations to the
Commission before November of this year; and
the Commission is not expected to propose new
rules in the Federal Register until the first
part of 1984. The NRC staff reportedly is
considering recommending that the Commission
address the decommissioning proposals in two
parts. The first part, which would be submitted
to the Commission this November, would encompass
all decommissioning issues except the issue of
residual radioactive levels. It would address
technical decommissioning methods, financial
assurance alternatives, waste management, and
safeguards. The second part, which would not
be submitted to the Commission until March



1984, would be limited to proposed amendments
to Part 20 of the Commission's regulations,
addressing permissible radiation dose limits
for decommissioning and release of the site to
unrestricted use.

Even before the NRC initiated the pending
rulemaking proceeding, it had commissioned a
series of major technical studies on the
engineering methodology, radiation risks, and
estimated costs of decommissioning light water
reactors and fuel-cycle facilities. These
studies, begun in 1975, were conducted at the
Battelle-Pacific Northwest Laboratory, and
provide a major portion of the information base
supporting the rulemaking proceeding.*u/

In addition, in 1981, the NRC published a
Draft Generic Environmental Impact Statement
on decommissioning^/ in connection with the
pending rulemaking proceeding. The Draft
statement addresses decommissioning approaches,
financing, radiological health and safety,
waste management, and safeguards. The Commis-
sion presently does not plan to publish a final
environmental impact statement until after the
new decommissioning regulations are proposed in
the Federal Register, thus enabling the Commission
to address public comments on the proposed rules
in the final environmental impact statement.

Alternative Decommissioning Methods

A primary concern raised in licensing
proceedings and addressed in the NRC's Draft
Generic Environmental Impact Statement on
decommissioning is the availability of adequate
technology to decommission commercial power
reactors. The bulk of the radioactivity
in a power reactor is confined in the nuclear
fuel assemblies which are to be removed from
the plant and deposited in a high-level
waste repository. The residual radioactivity
consists of neutron-induced activation in
reactor components and low-level surface
contamination of reactor components and
structures.^£/ The goal of decommissioning
is to isolate these radioactive sources
from the public and the environment and
to return the plant site to unrestricted
public access. The NRC has identified
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three alternative, acceptable methods for
accomplishing this.13/

The first, known as "DECON" in NRC jargon,
involves the immediate dismantlement of the
plant and removal of all equipment, materials,
and structures that are radioactive at levels
greater than permitted for unrestricted use of
the site. The principal advantages of immediate
dismantlement are that, unlike the other methods,
which defer dismantlement until a major portion
of the radioactivity has decayed, DECON eliminates
the need for the continuing security, maintenance,
and surveillance of the plant pending decay of
the radioactivity. In addition, immediate
dismantlement permits termination of the facility
license and release of the site for unrestricted
use shortly after termination of plant operations.
Further, immediate dismantlement permits use of
personnel who are familiar with the construction
and operation of the facility. The principal
disadvantages, on the other hand, are that
dismantling the plant before a significant
portion of the radioactivity has decayed results
in higher occupational radiation exposure and
requires greater waste disposal space commitments
than other methods. Moreover, this alternative
requires a larger initial commitment of capital
than other methods, although it may result in a
smaller overall cost (by eliminating the ongoing
security, maintenance, and surveillance costs
of other methods).14/

A second method, known as "SAFSTOR" or
"mothballing," consists of removing the nuclear
fuel, placing the facility in a state of
protective storage, and deferring dismantlement
until a major portion of the radioactivity has
decayed (i.e., for up to 100 years), allowing
the eventual dismantlement to be accomplished
without resort to the remote control machinery
required by imnediate dismantlement. The
principal advantages of SAFSTOR are that it
requires less initial financial and waste
disposal space commitments, and results in
lower initial occupational radiation exposure
levels than other methods. The principal
disadvantages are fairly evident: it requires
continuing maintenance, physical security, and
radiological surveillance; it delays return of
the site to alternative uses; and it precludes
use of personnel familiar with the facility in
the decommissioning effort. Although avoiding



the high initial costs and personnel exposures
resulting from immediate dismantlement, the
continuing security, maintenance, and surveillance
activities required by deferred dismantlement
may well result in greater costs and personnel
exposures than immediate dismantlement, over the
long term.*5/

The third method, known as "ENTOMB, "
consists of removing the nuclear fuel and
encasing all highly radioactive components
(such as the reactor vessel) in concrete or
other strong and structurally long-lived material
until such time as the structure is dismantled
or the residual radioactivity has decayed to the
extent that the site may be released to
unrestricted use. Entombment requires less
maintenance, physical security, and radiological
surveillance and results in higher immediate,
but lower long-term, occupational exposure levels
than SAFSTOR. Like SAFSTOR, however, it requires
dedication of the site to containment of radio-
active materials for perhaps as long as 100
years.*6/

The NRC's Draft Generic Environmental
-Impact Statement concluded that DECON (immediate
dismantlement! would be "the more preferable
alternative in most instances since it would
restore the facility and site for unrestricted
use in a much shorter time period than SAFSTOR
or ENTOMB."22/ Only one power reactor, the AEC's
22 electrical megawatt Elk River demonstration
reactor, has been decommissioned by immediate
dismantlement; a second, the Shippingport
station, will be decommissioned by this method
beginning next year.JJV In addition, 52 licensed
research reactors have been decommissioned by
immediate dismantlement.}^J All five of the
licensed commercial power reactors decommissioned
to date by the private sector were decommissioned
under the SAFSTOR (deferred dismantlement)
method,££/ as will be the Humboldt Bay facility.
Three of the four AEC demonstration power
reactors deconmissioned to date (none of which
exceeded 256 thermal megawatts) were decommissioned
by entombment.^/

In sum, even though no large-scale com-
mercial power reactors have been decommissioned
to date, the requisite technology has been
demonstrated in decommissioning smaller-scale



power reactors, and no technical or logistical
obstacles seemingly exist to applying this
technology to large-scale nuclear power plants.

Costs and Alternative Financing Methods

A second major area of concern is the cost
of decommissioning nuclear facilities. Critics
of nuclear power have alleged that the cost of
decommissioning a large-scale nuclear power plant
may be equal to the cost of construction.^2/
However, authoritative estimates of decommissioning
costs — based on the actual cost of decommissioning
small-scale prototype reactors and on studies
performed by the Pacific Northwest Laboratory
and others — indicate that the cost of de-
commissioning a large-scale nuclear power
plant, while not insignificant, is manageable.23/
The Department of Energy, for example, estimates
the cost of decommissioning Shippingport by
immediate dismantlement (DECON) at approximately
572 million.^/ Pacific Gas and Electric
estimates the cost of decommissioning Humboldt
Bay by mothballing (SAFSTOR) at about ?80
million — 516 million at the outset to
"mothball" the plant, 5500,000 per year to
maintain and monitor the plant over the next
thirty years, and 549 million to dismantle it
three decades from now.££/ The NRC estimates
the cost of decommissioning a large-scale
power reactor at about $40 million; other
studies have estimated decommissioning costs
of as much as 5100 million. These estimates
represent between four and ten percent of the
cost of constructing a one billion dollar
reactor, and only a few tenths of a mil per
kilowatt-hour over the expected 30-year operating
life of the reactor.^6

In this regard, it should be noted that
decommissioning cost estimates may appear
inconsistent when compared on a site-by-site
basis because of variations in the cost factors
taken into account in making the estimates
(e.g., whether disposition of spent fuel is
treated as an operating or decommissioning
expense, or differences in cost escalation or
inflation assumptions).^2/ Similarly, some
cost estimates exclude maintenance, surveillance,
and security costs associated with entombment
and mothballing, thus indicating that mothballing
is the least, and immediate dismantlement is



the most, expensive method.££/ Estimates that
include the cost of maintenance, surveillance, and
security, on the other hand, indicate that
immediate dismantlement is the least, and
entombment the most, expensive alternative.^/

Closely related to the cost issue is the
issue of ensuring that adequate funds will be
available when needed to pay for decommissioning.
(Here, it should be recalled that commercial nuclear
power plants in the United states generally are
owned by private sector companies, which are
responsible for paying decommissioning costs.)
While the cost of decommissioning is expected
to be manageable, the financial ability of a
utility to meet its decommissioning obligations
30 to 100 years in the future cannot necessarily
be assured by the utility's financial health at
the time a plant is licensed.30/

Until recently, the NRC required an applicant
for a reactor operating license to furnish the
Commission with information demonstrating its
financial capability to decommission the plant.3V
Although the Commission eliminated this require-
ment for commercial reactors in March of 1982, it
is likely to reimpose some form of financial
qualification requirement in the final generic
decommissioning regulations.3^/

The NRC staff has identified six basic
alternatives to ensure the availablity of
adequate funds to decommission nuclear power
plants. These are:

1. Prepayment, by which cash or other liquid
assets are deposited in a separate account
prior to facility start-up;

An external sinking fund, by which a
prescribed amount of funds is set aside
annually so that the fund plus accumulated
interest would be sufficient to pay
decommissioning costs;

3. An internal fund, by which funds are
accumulated and invested in the utility's
own assets and which may be either



segregated ("funded") or unsegregated
("unfunded") from the utility's general
corporate funds;

4. Surety bonds, by which a surety bonding
company guarantees that the decommissioning
costs will be paid;

5. Insurance, in the form of either a general
fund to pay all decommissioning expenses
or, in conjunction with another funding
alternative, to cover any shortfall
resulting from the premature shutdown of a
plant; and

6. State or federal tax revenues.33/

No one funding approach is superior in all
circumstances. Each possesses certain advantages
and disadvantages, and these may vary depending
on interest rates, the inflation rate, premature
shutdowns, and other variables. Prepayment,
for example, would seem to provide the greatest
assurance that funds will be available when
needed, but only if estimates of inflation and
interest rates over the next 40 to 100 years
prove accurate. Moreover, prepayment is the most
costly alternative because of capital costs
resulting from payment before the fund is collected
from the ratepayers. An external sinking fund,
on the other hand, would be more responsive to
changes in the general economy and would be
protected in the event the utility were to
become bankrupt, but would be inadequate if the
plant is shut down prematurely. An internal
reserve may be more cost effective than an
external'fund, but would be vulnerable to
creditors in the event of bankruptcy. One
alternative identified by the NRC, funding from
state or federal tax revenues, is politically
unrealistic. Indeed, some states have enacted
or are considering legislation to preclude
use of state revenues to decommission nuclear
power plants within their borders.34/

The advantages and disadvantages of the
six funding approaches also may vary depending
on the decommissioning method employed. In
general, immediate dismantlement (DECON) presents



J
fewer problems of financial assurance than the
mothballing (SAFSTOR) and entombment (ENTOMB)
methods. Depending on fluctuations in inflation
and interest rates over the next century,
either less money needs to be set aside initially
or amortized through a sinking fund or reserve,
or more money will have to be added to replace
value lost to inflation, the longer dismantlement
is delayed. If the fund proves inadequate,
future ratepayers may be required to pay for
the decommissioning of facilities from which
they derived no benefit.35/

Although the NRC's concern with the financial
aspects of decommissioning is limited to ensuring
that its licensees are financially capable of
removing reactors from operation safely, state
public utility commissions are also concerned
with the financial impact of decommissioning on
the ratepayers. Thus, while the NRC has not
required, and is unlikely to require, a specific
funding mechanism, state utility commissions have
designated specific funding and accounting
approaches as appropriate or inappropriate for
utilities within their jurisdiction.^/ Moreover,
some utility commissions have gone further,
endorsing a specific technological decommis-
sioning method as appropriate based on economic
or land-use grounds.f]_/ In addition, several
states have enacted or are considering legislation
to require nuclear utilities to establish
decommissioning financing plans.38/

Radiation Safety

A third major area of concern is radiation
protection, both with respect to workers during
the decommissioning process and with respect to
the general public and the environment.

Occupational Exposures. The NRC's Draft
Generic Environmental Impact Statement found
that the radiation exposure to decommissioning
workers is only a small percentage of the total
occupational exposure associated with the
operation and maintenance of the reactor over its
useful life.2^/ As I noted earlier, occupational
radiation exposures are generally higher for
immediate dismantlement than for the methods
which delay dismantlement until a major portion
of the radioactivity has decayed. This higher



occupational exposure resulting from immediate
dismantlement is offset to some extent, however,
by eliminating the occupational exposures that
result from the continuing surveillance and
maintenance of the plant over a long period of
time which is required for the delayed dismantle-
ment approaches. Regardless of the method used,
decommissioning can be accomplished in compliance
with the NRC's occupational radiation protection
standards set forth in Part 20 of its regulations.
Moveover, advances in remote tooling, robotics,
decontamination methods, and explosive demolition
should further reduce occupational exposures in
years to come.

Public Health and Safety and Environmental
Consequences. Similarly, the Draft Generic
Environmental Impact Statement found that
radiation exposures to the public resulting
from decommissioning are very small and substan-
tially less than even the small exposures
associated with the operation and maintenance
of the reactor over its useful life.fj^/ Further,
the Draft statement concluded that decommissioning
would have a positive environmental impact,
noting that the only major adverse environmental
impact of decommissioning would be the commitment
of small amounts of land for waste disposal.4*/
Even this would be offset by the release of the
facility site to other uses.

The U.S. Environmental Protection Agency
(EPA) has the responsibility in this country
for establishing radiation dose standards for
the protection of the public health and safety.4^/
The EPA is not expected to set criteria for
residual radioactivity limits for releasing
decommissioned nuclear power plant sites to
unrestricted access until 1984.^J Until the EPA
regulations are established, the release of
decommissioned sites to unrestricted access
is governed by Part 20 of the NRC's regulations,
which provides radiation protection standards
applicable to decommissioning as well as operation
of nuclear facilities.fj/ In addition, the NRC
provides more specific guidance as to residual
radioactivity in Regulatory Guide 1.86. Both
the Part 20 and Regulatory Guide 1.86 limits
reflect the "As Low As Is Reasonably Achievable"
principle.



Waste Management

A fourth major area of concern is the safe
disposal of the radioactive wastes resulting from
decommissioning. These wastes include spent
fuel assemblies, equipment and structures made
radioactive by neutron activation and radioactive
contaminants, wastes resulting from chemical
decontamination of the facility, and miscellaneous
cleaning equipment.

Appropriate waste repositories are expected
to be available for the safe disposal of all
types of decommissioning wastes. Spent fuel
assemblies will, of course, be disposed of in a
high-level waste repository pursuant to the
Nuclear Waste Policy Act of 1982. The bulk
of the remaining wastes will be deposited in
a regional low-level waste repository established
pursuant to the Low-Level Radioactive Waste
Policy Act of 1980 and the various regional
state compacts entered into pursuant thereto.
Highly activated reactor components may require
special treatment. The present practice is to
bury these components in slit trenches or in
special areas of low-level waste burial
grounds.45/

Although the volume of wastes generated by
decommissioning will not be insignificant, it
will be considerably less than the quantity of
wastes generated by operating facilities.4"/
As I noted earlier, immediate dismantlement
will result in a substantially larger quantity
of wastes requiring disposal in a radioactive
waste repository than decommissioning methods
which defer dismantlement until a major portion
of the radioactivity has decayed. Nonetheless,
the volume of wastes requiring burial in a
low-level radioactive waste repository can be
kept at reasonable levels through improved
waste reduction systems and through regulatory
recognition that below certain levels radio-
active wastes pose no risk to the public health
and safety. In this latter regard, the industry
has been urging the NRC to establish such "de
minimis" or "cut-off" levels, below which
certain decommissioning wastes would not require
burial in a radioactive waste repository.



Safeguards

A final area of concern addressed by the
NRC's Draft Generic Environmental Impact
Statement is safeguards (that is, the physical
security of the parts of the decommissioned
facility that contain fissile material.47/
Regulatory Guide 1.86 provides that the first
step in the decommissioning process is for the
licensee to request that its operating license
be amended to a possession-only license. The
possession-only license requires the licensee
to maintain most of the physical security, as
well as the radiation protection, measures
required of an operating facility. These
physical security measures include continuous
manned security or remote monitoring, immediate
response capability, and maintenance of engineered
barriers. In the case of immediate dismantlement,
these safeguard measures must be continued
until removal of the fissile material from the
site; while in the case of the deferred dismantle-
ment approaches, the measures must be continued
until the quantity of fissile material has
decayed below safeguard levels. For this
reason, as I noted earlier, the cost of providing
physical security and radiation protection
measures over a long period of time, tends to
offset the initially higher cost of immediate
dismantlement.

Protection Against Liability

One further issue, which was outside the
scope of the Draft Generic Environmental Impact
Statement but bears consideration here, is
coverage of liability to the public for nuclear-
related injuries resulting from decommissioning.
Coverage of third-party liability for nuclear-
related injuries in the United States is governed
by the Price-Anderson Act.£V This Act generally
requires reactor licensees to maintain liability
coverage through private insurance, retrospective
licensee payment commitments and an indemnity
agreement with the NRC — and limits the public
liability of the licensee to the total amount of
that financial protection. A utility decommis-
sioning a nuclear power plant presently is
required to maintain the full amount of available
liability coverage — currently, 5570 million —
with respect to the plant until the spent fuel
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is removed and its operating license is amended to
a possession-only license. At that point, the
utility is only required to maintain liability
coverage in the amount of one million dollars.
In addition, indemnification is available from
the NRC for an additional $500 million, though
the potential for"a serious accident is largely
eliminated with the removal of the spent fuel
from the reactor site.

Decommissioning Following an Accident

Up to this point, this paper has focused
on issues raised in the routine decommissioning
of a nuclear power plant at the end of its useful
life. These same issues arise in connection
with the decommissioning of a plant following a
nuclear accident, although the issues become
more complicated in such circumstances. While
the NRC's regulations do not expressly address
post-accident decommissioning, the general
decommissioning regulations are applicable to
post-accident conditions.5°/

Decommissioning following an accident
which terminates facility operation involves
two stages: first, the accident cleanup operation
— including the initial decontamination of
building surfaces, the decontamination or
disposal of radioactive equipment, processing
contaminated cooling water, removal of the
fuel, and removal of wastes; and, second,
the actual decommissioning operation.££/ The
accident cleanup operation must, of course, be
carried out whether the plant is to be decom-
missioned or refurbished and returned to service.

The same decommissioning methods — DECON,
SAFSTOR and ENTOMB — and most of the techniques
and procedures used to decommission a reactor
following a normal shutdown are usable to decom-
mission a reactor after an accident.££/ Plainly,
however, decommissioning, is more difficult
after a major accident (e.g., one involving a
significant breach of the fuel elements) because
of the higher levels of contaminating radio-
activity in the plant.£3/ In addition, the
radionuclide inventory in a reactor following
such an accident will contain elements having
significantly longer half-lives than the
inventory following normal shutdown. As a



result of the longer half-lives, the deferred
dismantlement methods (SAFSTOR and ENTOMB) are
less attractive decommissioning alternatives
following such an accident than they are following
normal shutdown. Even after dismantlement has
been deferred for"100 years, the radioactivity
of the controlling radionuclide will have only
decayed by a factor of ten.54/

For the foregoing reasons, post-accident
cleanup and decommissioning are expected to
result in higher occupational radiation exposures
than decommissioning following normal shutdown.
Nonetheless, the NRC contamplates that procedures
can be devised to perform the necessary cleanup
and decommissioning activities with only moderate
radiation doses to individual workers.5*/

Similarly, the NRC contemplates that
radiation doses to the public from post-accident
cleanup and decommissioning can be kept well
below permissible'radiation does levels, indeed,
within the range of annual radiation doses from
normal background56

The cost of cleaning up and decommissioning
a plant following a major accident will plainly be
significantly higher than the cost of decom-
missioning a plant following normal shutdown.
The Pacific Northwest Laboratory estimated accident
cleanup and decommissioning costs following a
major loss-of-coolant accident to be approx-
imately S400 million and 5100 million, respec-
tively;^/ and the NRC has estimated that post-
accident cleanup and decommissioning costs
could exceed one billion dollars.58/

Not only would the cost of cleaning up and
decommissioning a reactor following a major
accident be substantially higher than the cost
of decommissioning a plant following normal
shutdown, but the previously discussed alternatives
for assuring adequate funds to meet these costs
generally would prove inadequate.

Accordingly, following the TMI accident, the
Commission added Section 50.54 (w) to its regu-
lations, which requires each electric utility
licensee to obtain on-site property damage



insurance available from private sector nuclear
insurers, or otherwise to demonstrate to the
satisfaction of the Commission that it possesses
an equivalent amount of financial protection.59

Other Nuclear Facilities

Although this paper focuses on the decom-
missioning of commercial power reactors, most of
the foregoing issues apply — with appropriate
variation — to the decommissioning of fuel
reprocessing plants, mixed-oxide fuel fabrication
plants, uranium hexafluoride conversion plants,
uranium fuel fabrication plants, spent fuel
storage facilities, and non-fuel-cycle nuclear
facilities.^/ The environmental effects of
decommissioning each of these types of facilities
were also considered in the NRC's Draft Generic
Environmental Impact Statement, based upon
studies conducted by the Pacific Northwest
Laboratory on the technology, safety, and costs
of decommissioning these types of facilities.^/

Conclusion

In sum, based on experience to date and
emerging regulatory policies in the United States:

1. The technology for decommissioning
nuclear facilities is at hand, and
decommissioning can be performed
safely using any one of three
alternative approaches;

2. Decommissioning can be accomplished
at manageable cost, and the availability
of adequate funds can be assured
through several different, commercially-
viable, funding mechanisms;

Decommissioning does not pose serious
health and safety problems either to
decommissioning workers or the general
public; and

Decommissioning wastes can be
managed safely and, despite the
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conunitment of land to waste
disposal, decommissioning has a
positive environmental impact.
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Footnotes

1/ The five licensed commercial power reactors
decommissioned to date are:

Name

Fermi-1

GE VBWR

CVTR

Pathfinder

Peach
Bottorn-1

Type

Breeder

BWR

Pressure tube
heavy water

Superheat

HTGR

Thermal
Power

200

50

, 65

190

115

MW

MW

MW

MW

MW

Decommissioning
Method

SAFSTOR

SAFSTOR

SAFSTOR

SAFSTOR

SAFSTOR

2/ The four demonstration reactors decommissioned
to date are:

Thermal Decommissioning
Name Type

Elk River BWR

Piqua

Hallam

BONUS

3/ J. \
The Role

Organic
cooled

Sodium
cooled

BWR
Superheat

Power

58.2 MW

45.5 MW

256 MW

50 MW

O'Neill, Decommissioned
Model of the Future, 29

Method
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No. 10, p. 6 (Oct. 1982).

\J P.D. Erikson, U.S. Licensed Reactor
Decommissioning Experience, Remarks at American
Nuclear Society Topical Meeting (Sept. 16-20,
1979); U.S. Nuclear Regulatory Commission,
Draft Generic Environmental Impact Statement on
Decommissioning Nuclear Facilities, NUREG-0586,
pp. 1-5 - 1-7 (1981).



5/ J. O'Neill, supra note 3, at 8.

y 10 CFR S50.82 (1983).

2/ Id.

8/ See, e.g., Pennsylvania Power and Light
Co. (Susquehanna steam Electric Station, Units
1 and 2), 15 NRC 771, 787-789, 824-827 (1982)
(holding that the license applicant had adequately
assessed projected decommissioning costs of
less than $200 million and concluding that
decommissioning should present no serious
radiation hazards to either decommissioning
workers or the general public, citing the
Battelle-Pacific Northwest Laboratory studies,
infra note 10, and the Draft GEIS, infra note
11); Public Service Co. of New Hampshire (Seabrook
Units 1 and 2) 3 NRC 857, 884 (1976) (holding
that the technology necessary to decommission
the Seabrook facility already exists; that,
while the technology has been demonstrated only
on small-scale reactors to date, no obstacles
exist to applying it to Seabrook; and that
decommissioning can be carried out so that
there should be no significant effects beyond
the site itself).

9/ 43 Fed. Reg. 10370 (Mar. 13, 1978).

10/ The decommissioning studies prepared by
Pacific Northwest Laboratory for NRC are:

H.K. Elder, Technology, Safety and Costs of
Decommissioning Reference Uranium Hexafluoride
Conversion Plant, NUREG/CR-1757 (Oct. 1981);

H.K. Elder and D.E. Blahnik, Technology, Safety
and Costs of Decommissioning a Reference Uranium
Fuel Fabrication Plant, NUREG/CR-1266 (Oct.
1980);

C.E. Jenkins, E.S. Murphy and J.K. Schneider,
Technology, Safety and Costs of Decommissioning
a Reference Small Mixed Oxide Fuel Fabrication
Plant, NUREG/CR-0129 (Feb. 1979);

G.J. Konzek, J.D. Ludwick, R.I. Smith and W.E.
Kennedy, Technology, Safety and Costs of
Decommissioning Reference Nuclear Research and
Test Reactors, NUREG/CR-1756 (Mar. 1982);



E.S. Murphy, Technology, Safety and Costs of
Decommissioning Reference Non-Fuel-Cycle Nuclear
Facilities, NUREG/CR-1754 (Feb. 1981).

E.S. Murphy and G.M. Holter, Technology, Safety
and Costs of Decommissioning Reference Light
Water Reactors Following Postulated Accidents,
NUREG/CR-2601 (NOV. 1982);

E.S. Murphy and G.M. Holter, Technology, Safety
and Costs of Decommissioning a Reference Low-
Level Waste Burial Ground, NUREG/CR-0570 (June
1980), Addendum (May 1981);

H.D. Oak, G.M. Holter and W.E. Kennedy, Technology,
Safety and Costs of Decommissioning a Reference
Boiling Water Reactor Power Station, NUREG/CR-067 2
(June 1980);

K.J. Schneider and C.E. Jenkins, Technology,
Safety and Costs of Decommissioning a Reference
Nuclear Fuel Reprocessing Plant, NUREG-0278
(Oct. 1977);

R.I. Smith, G.J. Konzek and W.E. Kennedy, Jr.,
Technology, Safety and Costs of Decommissioning
a Reference Pressurized Water Reactor Power Station.
NUREG/CR-0130 (June 1978), Addendum (Aug. 1979);

N.G. Wittenbrock, Technology, Safety and Costs of
Decommissioning Nuclear Reactors at Multiple-
Reactor Stations, NUREG/CR-1755 (Jan. 1982).

11/ U.S. Nuclear Regulatory Commission, Draft
Generic Environmental Impact Statement, NUREG-
058b (1981)(hereinafter cited as "Draft GEIS").

JL2/ .Id. at 2-18 - 2-20.

13/ Regulatory Guide 1.86 identifies a fourth
alternative, namely, continued use of the existing
turbine system and replacement of the nuclear
steam supply system with a new nuclear system or a
fossil fuel system. This alternative is not
considered in this paper because it constitutes
recommissioning rather than decommissioning of a
facility. Moreover, as both Regulatory Guide 1.86
and the Draft GEIS, _id. at 0-4 noted, the original
nuclear steam supply system would have to be
separated and disposed of in accordance with one
of the three decommissioning methods.



1±/ id. at 2-5 - 2-7.

15/ Id. at 2-7 - 2-9.

16/ Id. at 2-9.

12/ .Id. 0-39.

18/ J. O'Neill, supra note 3, at 6-8.

19/ P.B. Erickson, supra note 4.

20/ id.; see note 1 supra.

21/ Id.; see note 2 supra.

22/ See, Pennsylvania Power and Light Co.
(Susquehanna Steam Electric Station, Units 1
and 2), 15 NRC 771, 787 (1982H intervenor
alleged that the actual cost of decommissioning
would be at least equal to the cost of construction)

23/ R.S. Wood, Assuring the Availability of
Funds for Decommissioning Nuclear Facilities,
NUREG-0584, Rev. 3, p. 4 (1983). The small-scale
prototype reactors decommissioned to date operated
for relatively short periods of time and thus
lacked the high activation levels that will be
present in large-scale reactors which will have
operated for 30 or more years when they are
decommissioned. This fact was, of course, taken
into consideration in estimating decommissioning
costs for large-scale reactors. See, e.g., Penn-
sylvania Power and Light Co., 15 NRC at 826 (1982).

24/ J. O'Neill, supra note 3, at 6.

25/ Nucleonics Week, p. 10 (July 21, 1983);
Wall Street Journal, p. 20 (June 28, 1983).

26/ R.S. Wood, supra note 23, at 4; Draft GEIS,
supra note 11, at 2-17. In point of fact, the
cost of constructing a single unit nuclear
power plant is likely to be well in excess of
one billion dollars.

27/ Atomic Industrial Forum, An Overview of
Decommissioning Nuclear Power Plants,p.2-3 (1983).

28/ Id., Table 1 at 2.



29/ Draft GEIS, supra note llr Table 0.0-2 at 0-45.

30/ R.S. Wood, supra note 23, at 2-5.

.31/ 10 CFR S50.33(£) (1982).

3_2/ 47 Fed. Reg. 13750 (Mar. 31, 1982).

33/ R.S. Wood, supra note 23, at 8-11.

J34/ E.g.i Maine Nuclear Decommissioning
Financing Act, Maine Rev. Stat. Ann. tit. 35,
sec. 3356 (West Supp. 1982).

35/ R.S. Wood, supra note 23, at 11-49.

36/ E.g., Public Service Co. of Colorado, 41
PUR 4th 225, 260-61 (1980) (Colorado Public
Service Commission disapproved Public Service
Co. of Colorado's use of an unfunded reserve
method for providing funds to decommission the
Fort St. Vrain plant as presenting Ha far greater
risk to the ratepayer," and ordered the utility
to segregate decommissioning funds in a "funded
reserve under the control of an independent
trustee."); Decommissioning Costs of Nuclear
Powered Generators, 47 PUR 4th 357 (1982)(Florida
Public Service Commission held that an internally
funded reserve is the appropriate method to
account for decommissioning costs); Northern
States Power Co., 40 PUR 4th 284, 287-288 (1981)
(North Dakota Public Service Commission approved
use of sinking fund to generate decommissioning
fund).

37/ E.g., Connecticut Light & Power Co., 41
PUR 4th 1, 58-59 (1980) (Connecticut Department
of Public Utility Control approved immediate
dismantlement as the lowest cost alternative);
Carolina Power & Light Co., 45 PUR 4th 491, 506-
510 (1982) (North Carolina Utilities Commission
approved use of "30-year entombment delayed
dismantling" as the appropriate decommissioning
procedure). See also Western Massachusetts
Electric Co., 37 PUR 4th 219, 227-229 (1980)
(Massachusetts Department of Public Utilities,
while not "endorsing a particular method of
decommissioning," assumed use of "a partial
dismantlement/delayed removal method of
decommissioning with a 30-year dormancy period"
for purposes of rate making proceeding).



accident (LOCA) with minor damage and
contamination, to a major LOCA with severe
damage and contamination.

J[d. at 2-6.

53/ JTd. at 2-19 - 2-20.

J54/ Id. at 2-39.

JS5/ Id. at 2-38.

56/ J[d. at xi, 2-39.

57/ Id. at ix-x.

58/ R.S. Wood, supra note 23, at 4. The cost of
cleaning up Three Mile Island Unit 2 (TMI-2)
presently is estimated to exceed one billion
dollars. E.S. Murphy and G.M. Holter, supra
note 50, at 2-27. The Pacific Northwest Laboratory
study concluded that when differences in cost
factors are considered, the study's estimates for
a reference plant are consistent with the TMI-2
estimates. (For example, the TMI-2 estimate
includes facility stabilization and engineering
costs that were not included in the Pacific
Northwest Laboratory study).

59/ 10 CFR S 50.54 (w) (1983). The amount of
on-site property damage insurance presently
available is $983 million.

60/ Regulatory requirements emd guidance for
decommissioning nuclear facilities other than
power reactors are found at 10 CFR §50.33(f)
(requiring that operating license applicants, other
than electric utility applicants for a license
to construct or operate a commercial power
reactor, demonstrate their financial capability
of decommissioning the facility); 10 CFR Part
50, Appendix F (providing for the development
of criteria "for the decontamination to be
required upon decommissioning and license termi-
nation" of fuel reprocessing plants); 10 CFR
Part 72.18 (requiring an applicant for a license
to store spent fuel in an independent spent
fuel storage installation to file a decommissioning
plan); Regulatory Guide 3.25, Standard Format and
Content of Safety Analysis Reports for Uranium
Enrichment Facilities; Regulatory Guide 3.26,



Standard Format and Content of Safety Analysis
Reports for Fuel Reprocessing Plants; Regulatory
Guide 3.39, Standard Format and Content of
License Applications for Plutonium,Processing and
Fuel Fabrication Plants; and Guidelines for
Decontamination of Facilities and Equipment
Prior to Release for Unrestricted Use or Termin-
ation of Licenses for Byproduct, Source, or
Special Nuclear Material (setting forth criteria
by which a nonreactor nuclear facility may be
judged sufficiently decontaminated for release
to unrestricted use). Statutory and regulatory
requirements for decommissioning uranium mills
and mill tailing piles are set forth in the
Uranium Mill Tailings Radiation Control Act of
1978, Pub.L. 95-604 §§202, 203 (codified at 42
U.S.C. §2013, 2201) 10 CFR Part 40 and Appendix
A to Part 40, and Reg. Guide 3.5 (Rev.l), standard
Format and Content of License Applications for
Uranium Mills.

61/ Draft GEIS, supra note 11, at 7-1 - 14-14.
See note 10 supra.
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REGULATORY GUIDE 1.86

TERMINATION OF OPERATING LICENSES
FOR NUCLEAR REACTORS

A. INTRODUCTION

Section 50.51, "Duration of license, renewal," of 10
CFR Part SO, "Licensing of Production and Utilization
Facilities," requires that each license to operate a
production and utilization facility be issued for a
specified duration.- Upon expiration of the specified
period, the license may be either renewed or terminated
by the Commission. Section 50.82, "Applications for
termination of licenses," specifies the requirements that
must be satisfied to terminate an operating license,
including the requirement that the dismantlement of the
facility and disposal of the component parts not be
inimical to the common defense and security or to the
health and safety of the public. This guide describes

/"" methods and procedures considered acceptable by the
?_ Regulatory staff for the termination of operating
X. licenses for nuclear reactors. The Advisory Committee

on Reactor Safeguards has been consulted concerning
this guide and has concurred in the regulatory position.

B. DISCUSSION

When a licensee decides to terminate his nuclear
reactor operating license, he may, as a first step in the
process, request that his operating license be amended to
restrict him to possess but not operate the facility. The
advantage to the licensee of converting to such a
possession-only license is reduced surveillance require-
ments in that periodic surveillance of equipment im-
portant to the safety of reactor operation is no longer
required. Once this possession-only license is issued,
reactor operation is not permitted. Other activities
related to cessation of operations such at unloading fuel
from the reactor and placing it in storage (either onsite
of offsite) may be continued.

A licensee having a possession-only license must
retain, with the Part 50 l^ense, authorization for special
nuclear material (10 CFR Part 70, "Special Nuclear
Material"), byproduct material (10 CFR Part 30, "Rules
of General Applicability to Licensing of Byproduct
Material"), and source material (10 CFR Part 40,
"Licensing of Source Material"), until the fuel, radio-
active components, and sources are removed from the
facility. Appropriate administrative controls and facility
requirements are imposed by the Part SO license and the
technical specifications to assure that proper surveillance
is performed and that the reactor facility is maintained
in a safe condition and not operated.

A possession-only license permits various options and
procedures for decommissioning, such as mothballing,
entombment, or dismantling. The requirements imposed
depend on the option selected.

Section 50.82 provides that the licensee may dis-
mantle 2nd dispose of the component parts of a nuclear
reactor in accordance with existing regulations. For
research reactors and critical facilities, this has usually
meant the disassembly of a reactor and its shipment
offsite, sometimes to another appropriately licensed
organization for further use. The site from which a
reactor has been removed must be decontaminated, as
necessary, and inspected by the Commission to deter-
mine whether unrestricted access can be approved. In
the case of nuclear power reactors, dismantling has
usually been accomplished by shipping fuel offsite,
making the reactor inoperable, and disposing of some of
the radioactive components.

Radioactive components may be either shipped off-
site for burial at an authorized burial ground or secured
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on the site. Those radioactive materials remaining on the
site must be isolated from the public by physical barriers
or other means t o prevent public access to hazardous
levels of radiation. Surveillance is necessary to assure the
long term integrity of the barriers. Hie amount of
surveillance required depends upon (1) the poteritial
hazard to the health and safety of the public from
radioactive material remaining on the site and (2) the
integrity of the physical barriers. Before areas may be
released for unrestricted use, they must have been
decontaminated or the radioactivity must have decayed
to less than prescribed limits (Table I).

The hazard associated with the retired facility is
evaluated by considering the amount and type of
remaining contamination, the degree of confinement of
the remaining radioactive materials, the physical security
provided by the confinement, the susceptibility to
release of radiation as a result of natural phenomena,
and the duration of required surveillance.

C. REGULATORY POSITION

1. APPLICATION FOR A LICENSE TO POSSESS BUT
NOT OPERATE (POSSESSION-ONLY LICENSE)

A request to amend an operating license to a
possession-only license should be made to the Director
of Licensing, U.S. Atomic Energy Commission, Washing-
ton. D.C. 20S4S. The request should include the
following information:

a. A description of the current status of the facility.

b. A description of measures that will be taken to
prevent criticality or reactivity changes and to minimize
releases of radioactivity from the facility.

c. Any proposed changes to the technical specifica-
tions that reflect the possession-only facility status and
the necessary disassembly/retirement activities to be
performed.

d. A safety analysis of both the activities to be
accomplished and the proposed changes to the technical
specifications.

e. An inventory of activated materials and their
location in the facility.

2. ALTERNATIVES FOR REACTOR RETIREMENT

Four alternatives for retirement of nuclear reactor
facilities are considered acceptable by the Regulatory
staff. These are:

a. Mothballing. MothbaUing of a nuclear reactor
facility consists of putting the facility in a state of
protective storage. In general, the facility may be left
intact except that all fuel assemblies and the radioactive

fluids and waste should be removed from the site.
Adequate radiation monitoring, environmental surveil-
lance, and appropriate security procedures should be
established under a possession-only license to ensure that
the health and safety of the public is not endangered.

b. In-Place Entombment In-place entombment con-
sists of sealing all the remaining highly radioactive or
contaminated components (e.g., the pressure vessel and
reactor internals) within a structure integral with the
biological shield after having all fuel assemblies, radio-
active fluids and wastes, and certain selected com-
ponents shipped offsite. The structure should provide
integrity over the period of time in which significant
quantities (greater than Table I levels) o f radioactivity
remain with the material in the entombment. An
appropriate and continuing surveillance program should
be established under a possession-only license.

c. Removal of Radioactive Components and Dis-
mantling. All fuel assemblies, radioactive fluids and
waste, and other materials having activities above ac-
cepted unrestricted activity levels (Table I) should be
removed from the site. The facility owner may then have
unrestricted use of the site with no requirement for a
license. If the facility owner so desires, the remainder of
the reactor facility may be dismantled and all vestiges
removed and disposed of.

d. Conversion to a New Nuclear System or a Fossil
Fuel System. This alternative, which applies only to
nuclear power plants, utilizes the existing turbine system
with a new steam supply system. The original nuclear
steam supply system should be separated from the
electric generating system and disposed of in accordance
with one of the previous three retirement alternatives.

3. SURVEILLANCE AND SECURITY FOR THE RE-
TIREMENT ALTERNATIVES WHOSE FINAL
STATUS REQUIRES A POSSESSION-ONLY
LICENSE

A facility which has been licensed under a posses-
sion-only license may contain a significant amount of
radioactivity in the form of activated and contaminated
hardware and structural materials. Surveillance and
commensurate security should be provided to assure that
the public health and safety are not endangered.

a. Physical security to prevent inadvertent exposure
of personnel should be provided by multiple locked
barriers. The presence of these barriers should make it
extremely difficult for an unauthorized person to gain
access to areas where radiation or contamination levels
exceed those specified in Regulatory Position C.4. To
prevent inadvertent exposure, radiation areas above 5
mR/hr, such as near the activated primary system of a
power plant, should be appropriately marked and should
not be accessible except by cutting of welded closures or .-
the disassembly and removal of substantial structures
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c.
and/or xhielding material. Means such as a remote-
readout intrusion alaim system should be provided to
indicate to designated personnel when a physical barrier
is penetrated. Security personnel that provide access
control to the facility may be used instead of the
physical barriers and the intrusion alarm systems.

b. The physical barriers to unauthorized entrance
into the facility, e.g., fences, buildings, welded doors,
and access openings, should be inspected at least
quarterly to assure that these barriers have not deterior-
ated and that locks and locking apparatus are intact.

c. A facility radiation survey should be performed at
least quarterly to verify that no radioactive material is
escaping or being transported through the containment
barriers in the facility. Sampling should be done along
the most probable path by which radioactive material
such as that stored in the inner containment regions
could be transported to the outer regions of the facility
and ultimately to the environs.

d. An environmental radiation survey should be
performed at least semiannually to verify that no
signficant amounts of radiation have been released to the
environment from the facility. Samples such as soil,
vegetation, and water should be taken at locations for
which statistical data has been established during reactor
operations.

e. A site representative should be designated to be
responsible for controlling authorized access into and
movement within the facility.

f. Administrative procedures should be established
for the notification and reporting of abnormal occur-
rences such as (1) the entrance of an unauthorized
person or persons into the facility and (2) a significant
change in the radiation or contamination levels in the
facility or the offsite environment.

g. The following reports should be made:

(1) An annual report to the Director of Licensing,
U.S. Atomic Energy Commission, Washington, D.C.
20545, describing the results of the environmental and
facility radiation surveys, the status of the facility, and
an evaluation of the performance of security and
surveillance measures.

(2) An abnormal occurrence report to the Regula-
tory Operations Regional Office by telephone within 24
hours of discovery of an abnormal occurrence. The
abnormal occurrence will also be reported in the annual
report described in the preceding item.

h. Records or logs relative to the following items
should be kept and retained until the license is termi-
nated, after which they may be stored with other plant
records:

(1) Environmental surveys,

(2) Facility radiation surveys,

(3) Inspections of the physical barriers, and

(4) Abnormal occurrences.

4. DECONTAMINATION FOR RELEASE FOR UN-
RESTRICTED USE

If it is desired to terminate a license and to eliminate
any further surveillance requirements, the facility should
be sufficiently decontaminated to prevent risk to the
public health and safety. After the decontamination is
satisfactorily accomplished and the site inspected by
the Commission, the Commission may authorize the
license to be terminated and the facility abandoned or
released For unrestricted use. Tht licensee should per-
form the decontamination using the following guide-
lines:

a. The licensee should make a reasonable effort to
eliminate residual contamination.

b. No covering should be applied to radioactive
surfaces of equipment or structures by paint, plating, or
other covering material until it is known that contamina-
tion levels (determined by a survey and documented) are
below the limits specified in Table I. In addition, a
reasonable effort should be made (and documented) to
further minimize contamination prior to any such
covering.

c. The radioactivity of the interior surfaces of pipes,
drain lines, or ductwork should be determined by
making measurements at all traps and other appropriate
access points, provided contamination at these locations
is likely to be representative of contamination on the
interior of the pipes, drain lines, or ductwork. Surfaces
of premises, equipment, or scrap which are likely to be
contaminated but are of such size, construction, or
location as to make the surface inaccessible for purposes
of measurement should be assumed to be contaminated
in excess of the permissable radiation limits.

d. Upon request, the Commission may authorize a
licensee to relinquish possession or control of premises,
equipment, or scrap having surfaces contaminated in
excess of the limits specified. This may include, but is
not limited to, special circumstances such as the transfer
of premises to another licensed organization that will
continue to work with radioactive materials. Requests
for such authorization should provide:

(1) Detailed, specific information describing the
premises, equipment, scrap, and radioactive contami-
nants and the nature, extent, and degree of residual
surface contamination.
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(2) A detailed health and safety analysis indi-
cating that the residual amounts of materials on surface
areas, together with other considerations such as the
prospective use of the premises, equipment, or scrap, are
unlikely to result in an unreasonable risk to the health
and safety of the public.

e. Prior to release of the premises for unrestricted
use, the licensee* should make a comprehensive radiation
survey establishing that contamination is within the
limits specified in Table I. A survey report should be
filed with the Director of Licensing, U.S. Atomic Energy
Commission, Washington, D.C. 20S4S, with a copy to
the Director of the Regulatory Operations Regional
Office having jurisdiction. The report should be filed at
least 30 days prior to the planned date of abandonment.
The survey report should:

(1) Identify the premises;

(2) Show that reasonable effort has been made to
reduce residual contamination to as low as practicable
levels;

(3) Describe the scope of the survey and the
general procedures followed; and

(4) State the finding of the survey in units
specified in Table 1.

After review of the report, the Commission may
inspect the facilities to confirm the survey prior to
granting approval for abandonment.

5. REACTOR RETIREMENT PROCEDURES

As indicated in Regulatory Position C.2, several
alternatives are acceptable for reactor facility retirement.
If minor disassembly or "mothballing" is planned, this
could be done by the existing operating and mainte-
nance procedures under the license in effect. Any
planned actions involving an unreviewed safety question

or a change in the technical specifications should be
reviewed and approved in accordance with the require-
ments of 10 CFR §5039.

If major structural changes to radioactive components
of the facility are planned, such as removal of the
pressure vessel or major components of the primary
system, a dismantlement plan including the information
required by §50.82 should be submitted to the Commis-
sion. A dismantlement pian should be submitted for all
the alternatives of Regulatory Position C.2 except
mothballing. However, minor disassembly activities may
still be performed in the absence of such a plan,
provided they are permitted by existing operating and
maintenance procedures. A dismantlement plan should
include the following:

a. A description of the ultimate status of the facility

b. A description of the dismantling activities and the
precautions to be taken.

c. A safety analysis of the dismantling activities
including any effluents which may be released.

d. A safety analysis of the facility in its ultimate
status.

Upon satisfactory review and approval of the dis-
mantling plan, a dismantling order is issued by the
Commission in accordance with §50.82. When dis-
mantling is completed and the Commission has been
notified by letter, the appropriate Regulatory Opera-
tions Regional Office inspects the facility and verifies
completion in accordance with the dismantlement plan.
If residual radiation levels do not exceed the values in
Table I, the Commission may terminate the license. If
these levels are exceeded, the licensee retains the
possession-only license under which the dismantling
activities have been conducted or, as an alternative, may
make application to the State (if an Agreement State)
for a byproduct materials license.
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TABLE I

ACCEPTABLE SURFACE CONTAMINATION LEVELS

NUCLIDEa

U-nat,U-23S,U-238,and
associated decay products

Transuranics, Ra-226, Ra-22B,
Th.230,Th.228,Pa-23I,
Ac-227.1-125,1-129

Th-nat, Th-232, Sr-90,
Ra-223.Ra-224,U-232,
1-126,1-131,1-133

Beta-gamma emitters (nuclides
with decay modes other than alpha
emission or spontaneous fission)
except Sr-90 and others noted above.

AVERAGEbc

5,000 dpm a/100 cm2

lOOdpm/lOOcm2

lOOOdpm/lOOcm2

5000 dpm 0-7/100 cm2

MAXIMUMb «•

15,000 dpm a/100 cm2

300dpm/100cm2

3000dpm/100cm2

15,000 dpm 0^/100 cm2

REMOVABLEbe

1,000 dpm a/100 cm2

20 dpm/100 cm2

2OOdpm/IOOcm2

1000 dpm 0-7/100 cm

i

•Where surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits established for alpha- and
beta-gamma-emitling nuclides should apply independently.

b As used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as determined by correcting
the counts per minute observed by an appropriate detector for background, efficiency, and geometric factors associated with the
instrumentation.

Measurements of average contaminant should not be averaged over more than 1 square meter. For objects of less surface area, the
average should be derived for each such object

'The maximum contamination level applies to an area of not more than 100 cm .
eThe amount of removable radioactive material per 100 cm2 of surface area should be determined by wiping that area with dry filter or

toft absorbent paper, applying moderate pressure, and assessing the amount of radioactive material on the wipe with an appropriate
instrument of known efficiency. When removable contamination on objects of less surface area is determined, the pertinent levels
should be reduced proportionally and the entire surface should be wiped.
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