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ABSTRACT

Proposed Action and Location:

DECONTAMINATION AND DISPOSAL OF RADIOACTIVE WASTES RESULTING FROM
THE -MARCH 28, 1979, ACCIDENT AT THREE MILE ISLAND NUCLEAR
STATION, UNIT 2, LOCATED IN LONDONDERRY TOWNSHIP, DAUPHIN COUNTY,
PENNSYLVANIA.

In accordance with the National Environmental Policy Act, the
Commission's implementing regulations, and its April 27, 1981,
Statement of Policy, the Programmatic Environmental Impact
Statement Related to Decontamination and Disposal of Radioactive
Wastes Resulting from March 28, 1979 Accident Three Mile Island
Nuclear Station, Unit_ 2, NUREG-0683 (PEIS) is being supplemented.
This supplement updates the environmental evaluation of cleanup
alternatives published in the PEIS. utilizing more complete and
current information. This supplement evaluates the licensee's
proposal to complete the current cleanup effort and place the
facility into monitored storage for an unspecified period of
time. The licensee has indicated that the likely disposition of
the facility following the storage period would be decommission-
ing at the time Unit 1 is decommissioned. Specifically, the
supplement provides an environmental evaluation of the licensee's
proposal and a number of alternative courses of action from the
end of the current defueling effort to the beginning of decommis-
sioning. However, it does not provide an evaluation of the envi-
ronmental impacts associated with decommissioning.

The Nuclear Regulatory Commission staff has concluded that the
licensee's proposal to place the facility in monitored storage
will not significantly affect the quality of the human environ-
ment. Further, any impacts associated with this action are
outweighed by its benefits. The benefit of this action is the
ultimate elimination of the small but continuing risk associated
with the conditions of the facility resulting from the March 28,
1979, accident.
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SUMMARY

The final Programmatic Environmental Impact Statement Related to
Decontamination and Disposal of Radioactive Wastes Resulting from
March 28, 1979 Accident Three Mile Island Nuclear Station, Unit 2 was
issued as NUREG-0683 by the U.S. Nuclear Regulatory Commission (NRC)
in March 1981. That document (referred to as the PEIS) was intended
to provide an overall evaluation of the environmental impacts that
could result from cleanup activities at Three Mile Island Unit 2
(TMI-2). Following the publication of the PEIS,. the Commission issued
a Policy Statement on April 28, 1981, indicating that the NRC staff
would evaluate and act on major cleanup proposals as long as the
impacts associated with the proposed activities fell within the scope
of the impacts already assessed in the PEIS.

The TMI-2 cleanup can be categorized into four fundamental activ-
ities: building and equipment decontamination; fuel removal and reac-
tor coolant system decontamination; treatment of radioactive liquids;
and packaging, handling, shipment, and disposal of radioactive wastes.
Since the 1979 accident, the licensee's (GPU Nuclear's) cleanup pro-
gram has resulted in substantial cleanup progress in each of these
fundamental activities. In addition to having treated all of the
water that contained radioactive materials as a result of the acci-
dent, facility decontamination efforts have been successful in return-
ing most areas in the auxiliary and fuel-handling building (AFHB) to
pre-accident radiological conditions, disposal of radioactive wastes
has been actively proceeding, and defueling efforts through May 30,
1989, have resulted in removal of more than 87 percent of the damaged
core. The licensee's projected completion date for the current
defueling is late 1989 and that for the completion of the associated
decontamination is August 1990.

The purpose of this supplement to the PEIS is to evaluate the
potential environmental impacts of alternative approaches to com-
pleting the TMI-2 cleanup. This supplement evaluates the licensee's
proposal and a number of alternative courses of action from the end of
the current defueling effort to the beginning of decommissioning. The
licensee has submitted a proposal to maintain the TMI-2 facility in a
monitored storage mode (referred to by the licensee as "post-defueling
monitored storage" [PDMS]) for a period of time following current
efforts to remove the damaged fuel. In addition to removal of more
than 99 percent of the fuel, major portions of the reactor building
and the AFHB would be decontaminated before PDMS, but not to the
extent that the cleanup could be considered complete. The facility
would then be placed into monitored storage for an unspecified period
of time during which no additional decontamination, other than that
necessary to maintain the facility in a safe, stable condition, would
be performed. The licensee has indicated that the likely disposition
of the facility following the storage period would be decommissioning.
Although the duration of the storage period has not been specified by
the licensee, the NRC staff has evaluated delayed decommissioning




assuming a storage period of 23 years as a likely option. The NRC
staff has also assumed that less than 1 year would be necessary for
any additional work or preparations following PDMS but before the
start of decommissioning. This plan is referred to in this document
as "delayed decommissioning" because the initiation of the decommis-
sioning process would begin following a storage period. During the
subsequent decommissioning process, additional cleanup would be
performed such that at the end of decommissioning the site would be
suitable for unrestricted access. However, the impact of the decom-.
missioning process is not evaluated in this supplement.

In accordance with the requirements of the National Environmental
Policy Act (NEPA) and the Commission's implementing regulations, both
the licensee's plan and alternative approaches. were examined for their
potential environmental impacts. Seven alternatives to the licensee's
proposal were identified by the NRC staff: (1) delayed cleanup (a
23-year storage period followed by a 4-year cleanup period), (2) imme-
diate cleanup (a 2-year period for engineering study and planning,
followed by the continuation and completion of the cleanup at the
1983-1987 level of effort), (3) immediate cleanup/reduced effort
(continued cleanup at a reduced level of effort from the end of
defueling and maintained for a total period of 7 to 10 years),

(4) immediate decommissioning (a 2-year period of preparation for
decommissioning, which does not include decommissioning itself),

(5) incomplete defueling“)(an alternative similar to delayed
decommissioning except that only 85 percent of the fuel would be
removed before the facility was placed in storage), (6) additional
cleanup before storage (additional .cleanup before placing the facility
in a 23-year storage period followed by the completion of the ‘
cleanup), and (7) no further cleanup for an indefinite period of time
following defueling (the "no-action" alternative that is required by
NEPA to be considered as part of all environmental impact statements). -

The alternatives considered in this supplement do not all begin
with common plant conditions, continue for an equal period of time, or
end with the same set of plant conditions. For example, the evalua-
tion of delayed cleanup, immediate cleanup, immediate cleanup/reduced
effort, and additional cleanup before storage includes a discussion of
impacts associated with additional cleanup prior to decommissioning.
At the time of commencement of decommissioning or refurbishing, these
alternatives would result in the original PEIS endpoint criteria:

(1) building and equipment decontamination to the point where general
area dose rates approximate those in an undamaged reactor facility
nearing the end of its operating life; (2) fuel removal and

(a) This alternative was evaluated before the. licensee had removed
greater than 85 percent-of-the-fuel. Although the NRC staff
recognizes that the licensee has removed greater than 85 percent
of the fuel, the analysis of this alternative still serves as a

. bounding case. :
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decontamination of the reactor coolant system; (3) treatment of radio-
active liquid wastes; and (4) packaging, shipping, and offsite dis-
posal of radioactive wastes. Delayed decommissioning (the licensee's
proposal), immediate decommissioning, and incomplete defueling would
‘result in limited additional decontamination before the start of
decommissioning. The remaining cleanup, to allow unrestricted access
to the facility, would occur during decommissioning activities.
However, decommissioning impacts are not evaluated in this supplement.
For the no-action alternative, no additional decontamination after the
completion of defueling and' no efforts to prepare the facility for
storage or decommissioning are postulated. The facility would be left
in the post-defueling condition.

Table S.1 compares the major features of the licensee's proposal
with those of the seven NRC staff-identified alternatives. The poten-
tial environmental impacts associated with the licensee's proposal of
delayed decommissioning and five of the staff-identified alternatives
are summarized in Table S.2. The sixth alternative (additional
cleanup before storage) and the seventh alternative (the no-action
alternative) are discussed in Section 3.7 but are not quantitatively
evaluated. Table S.2 presents the range of the estimated occupational
doses for the licensee's proposal jand the quantitatively evaluated
alternatives, the range of 50-year dose commitments to the hypotheti-
cal maximally exposed individual, the range of 50-year dose commit-
ments to the offsite population living within a 50-mile (80-kilometer)
radius of the TMI-2 site, the range of the estimated health effects of
the five alternatives (including the estimated number of radiation-
induced cancer fatalities and genetic disorders), the range of the
estimated number of traffic accidents, injuries, and fatalities
resulting from the alternatives, as well as the range in cost and the
volume of radioactive waste for burial for the alternatives. All
alternatives result in offsite exposures significantly below those
allowed for operating facilities.

Estimates of the cancer mortality risks to workers and the
general public were based on conservative assumptions (i.e., the
estimates are probably higher than the risks that would actually
occur). Delayed decommissioning was estimated to result in a maximum
of 0.03 radiation-induced cancer fatalities in the worker population
(i.e., the probability of a single cancer death occurring in the
entire population of occupationally exposed workers as a result of
delayed decommissioning operations is approximately 3 chances in 100).
The number of radiation-induced cancer fatalities in the worker popu-
lation for the five alternative actions ranges from 0.002 to 1.3.
Radiation-induced cancer fatalities in the offsite population residing
within 50 miles (80 kilometers) of the site were estimated to be 0.001
for delayed decommissioning (i.e., the probability of a single cancer
death occurring in the entire offsite population of between
2.5 million and 3.3 million people is approximately 1 chance in 1000),
and 0.0000004 to 0.001 for the five alternative actions (i.e., the
probability of a single cancer death in the entire offsite population
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Additional Alternate Achieve PEIS Decommissioning
Removal of  Cleanup Length of Lengths of Additional Definition for Preparation Post-
99 Percent Before PDMS Storage, Storage, Cleanup, Completion Period, PDMS
of Fuel Storage Preparation years years years of Cleanup years Disposition
Licensee's Proposal
Delayed Yes No Yes 23 <17 to 33 None No <1 Decommission
Decommissioning
Staff-Identified Alternatives
Deléyed Yes No Yes 23 <17 to 33 4 Yes © None Decommission
Cleanup or refurbish
Immediate Yes No No 2 None 3 to 4 Yes None Decommission
Cleanup (engineering or refurbish
study)
Immediate Yes - No No None None 7 to 10 Yes None Decommission
Cleanup/ ’ . or refurbish
Reduced
Effort
Immediate Yes No No None None None No <2 Decommission
Decommissioning
Incomplete No (85%) No Yes 23 None None No <1 Decommission
Defueling :
Additional Yes Yes Yes 23 None 2 to 3 Yes None Decommission
Cleanup Before or refurbish
Storage
No-Action Alternative N
No Further Yes No No Indefinite ' None None No None Continued,
Cleanup indefinite
Following storage
Defueling

TABLE S.1.
Staff-Identified Alternatives

Comparison of the Licensee's Proposal and the Seven NRC




TABLE S.2. Range of Impacts from the Licensee's Pfoposal
and the NRC Staff-Identified Alternatives(®

Occupational Dose 17 to 9400 person-rem

50-Year Dose Commitment to the Offsite
Population

Maximally ‘exposed individual

Bone 0.06 to 31 mrem
Total body 0.007 to 2.7 mrem
Offsite population within 50-mile
radius
Bone 0.03 to 22 person-rem
Total body 0.003 to 11 person-rem
Estimated Number of Radiation-Induced
Cancer Fatalities(®
Worker population 0.002 to 1.3
Maximally exposed offsite 0.0000000009 to
individual 0.0000003
Offsite population 0.0000004 to 0.001
Estimated Number of Radiation-Induced 0.001 to 0.7
Genetic Disorders in Offsite Population
Estimated Number of Traffic Accidents,
Injuries, and Fatalities During Transportation
of Waste
Accidents 0.007 to 7.2
Injuries 0.007 to 6.3
Fatalities 0.0006 to 0.5
Cost ($ millions) 17 to 510
Low-Level Waste Volume (cubic ft) 70 to 189,000

(a) Impacts associated with decommissioning are not included.
(b) Estimates assume a 23-year PDMS period during delayed
decommissioning, delayed cleanup and incomplete defueling

alternatives.
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of 2.5 million to 3.3 million people is approximately 4 to 10,000
chances in 10 million). The statistically expected consequences of
offsite radiation exposures due to the licensee's proposal or any of
the quantitatively evaluated alternatives is zero.

The estimated number of traffic fatalities during waste shipments
is 0.001 to 0.006 for delayed decommissioning (i.e., the probability
of a fatal accident during all of the waste shipments is approximately
1 to 6 chances in 1000) and 0.0006 to 0.5 for the five alternative
actions (i.e., the probability of a fatal accident during all waste
shipments is approximately 6 to 5000 chances in 10,000).

The NRC staff has concluded, based on this evaluation and after
considering comments on the draft supplement, that the licensee's
proposed plan and the NRC staff-identified alternatives (with the
exception of the no-action alternative) could each be conducted in
conformance with applicable regulatory requirements and implemented
without significant impact to the quality of the human environment.

No alternative was found to be obviously superior to the licensee's
proposal from an environmental impact perspective. In addition, the
staff concluded that "no further cleanup following defueling," i.e.,
the no-action alternative, is not acceptable because it would indefi-
nitely postpone decommissioning of the facility without specific
approved exemptions from NRC regulations, would not result in the
completion of cleanup, or in the elimination of the small but contin-
uing risk associated with the TMI-2 facility. Accordingly, the staff
concluded that the impacts associated with the licensee's proposal for
long-term storage of the facility followed by decommissioning are
outweighed by its benefits. The staff recognizes that the implemen-
tation of.the licensee's proposal would result in substantial occupa-
tional dose savings and reduced transportation impacts over several of
the. alternatives considered. The benefit of this action is the ulti-
- mate elimination of the small but continuing risk associated with the
condition of the facility resulting from the March 28, 1979, accident.



FOREWORD

This final supplement to the Programmatic Environmental Impact
Statement Related to Decontamination and Disposal of Radioactive

Wastes Resulting from March 28, 1979 Accident Three Mile Island
Nuclear Station, Unit_2 (PEIS) was prepared by the U.S. Nuclear Regu-
latory Commission (NRC), Office of Nuclear Reactor Regulation (refer-
red to as the NRC staff), pursuant to the Commission's April 27, 1981,
Statement of Policy related to the PEIS and the requirements of the
National Environmental Policy Act of 1969 (NEPA). Assistance was pro-
vided by the Pacific Northwest Laboratory under the direction of the
staff; the contributors to the final supplement are listed in Appen-
dix B. This final supplement addresses potential environmental
impacts associated with the licensee's proposal to place the TMI-2
facility in storage after the completion of defueling (termed "post-
defueling monitored storage" by the licensee) and with alternatives to
the licensee's proposal. ’

Information for the final supplement was o6btained from the licen-
see's Environmental Report and Final Safety Analysis Report (Metro-
politan Edison Co. and Jersey Central Power & Light-Co. 1974), from
the licensee's Environmental Evaluation of TMI-2 Post-Defueling Moni-
tored Storage (GPU 1987b), from the licensee's Post-Defueling Moni-
tored Storage Safety Analysis Report (GPU 1988), from the staff's
Final Environmental Impact Statement for the operating license
(NRC 1976), from the staff's PEIS .of March 1981 (NRC 1981), from
Supplement 1 of October 1984 (NRC 1984), from Supplement 2 of June
1987 (NRC 1987), and from new information provided by the licensee
(including responses to NRC staff questions and comments on the draft
supplement) or independently developed by the staff. The staff met
with the licensee to discuss items of information provided, to seek
new information from the licensee that might be needed for an adequate
assessment, and to ensure that the staff had a thorough understanding
of the proposed action. In addition, the staff sought information
from other sources that would assist in the evaluation, and visited
and inspected the project site and vicinity. On the basis of the
foregoing, the staff made an independent evaluation of alternatives
for completing cleanup of the facility following defueling, including
the licensee's proposal, and prepared this supplement to the PEIS.

A draft supplement completed in April 1988 was circulated to
Federal, State, and local government agencies and to interested mem-
bers of the public for comment. A summary notice of the availability
of the draft supplement was published concurrently in the Federal
Register (53 FR 15160). The original 45-day comment period was
extended to 90 days at the request of the Commission's Advisory Panel
for the Decontamination of TMI Unit 2 and several other interested
persons (53 FR 20195). 1In addition, comments made at the Commission's
Advisory Panel meetings were accepted for an additional 90 days. The
information on which the supplement is based and all the comments
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received were made available to the public.® The comments were
considered by the staff in preparing this final report.

The following Federal and State agencies were asked to comment on
the draft supplement to the PEIS:

| Federal Agencies

S. Army Corps of Engineers

S. Environmental Protection Agency

S. Department of Agriculture

S. Department of Energy

S. Department of Health and Human Services

S. Department of Interior

.S. Department of Labor

S. Department of Transportation

S. Federal Emergency Management Agency

S. Federal Energy Regulatory Commission

S. National Oceanic and Atmospheric Administration
S. Nuclear Regulatory Commission, Advisory Panel for the
Decontamination of TMI Unit 2

cccccccacccacaccacaca

State Agencies

Maryland Department of Health and Mental Hygiene
Maryland Department of Natural Resources

Maryland Department of State Planning ,
New Jersey Department of Environmental Protection
Pennsylvania Department of Environmental Resources
Pennsylvania Department of Health

Pennsylvania Department of Labor and Industry
Pennsylvania Department of Public Welfare
Pennsylvania Intergovernmental Council

The licensee, GPU Nuclear, was also provided a copy of the draft
supplement.

The comments received from these agencies, the licensee, and the
public, are included in Appendix A. After receipt and consideration
of comments on the draft supplement, the staff prepared this final
supplement to the PEIS, which includes a discussion of comments on the
draft supplement, responses to the comments, and updated information
based on the comments. Changes made in the draft supplement are
designated by bars in the margins of this final supplement.

| (a) NRC Public Document Room, 2120 L Street NW, Lower Level,
Washington, DC 20555 and the State Library of Pennsylvania,
Government Publications Section, Education Building, Commonwealth
and Walnut Street, Harrisburg, PA 17126.

xii



Single copies of this supplement may be obtained by writing the
Director, Division of Publication Services, U.S. Nuclear Regulatory
Commission, Washington, DC 20555. '

Dr. Michael T. Masnik is the Project Manager for this project.
He may be reached by writing to the Office of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory Commission, Washington, DC 20555
or by calling (301) 492-1373. :
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NOMENCLATURE

accident-generated water - On February 27, 1980, an agreement executed
among the City of Lancaster, Pennsylvania, Metropolitan Edison

Company, and the NRC defined "accident-generated water" as:

" e Water that existed in the TMI-2 auxiliary, fuel-handling,
and containment buildings including the reactor coolant
system as of October 16, 1979, with the exception of water
which as a result of decontamination operations becomes
commingled with nonaccident-generated water such that the
commingled water has a tritium content of 0.025 pCi/mL or
less before processing.

e Water that has a total activity of greater than 1 pCi/mL
prior to processing except where such water is originally
nonaccident water and becomes contaminated by use in
cleanup.

e Water that contains greater than 0.025 pCi/mL of tritium
before processing.” .

’

actinides - the group of radioactive elements with atomic numbers 90
and above, including thorium, protactinium, uranium, neptunium,
plutonium, americium, and curium.

activation products - radioactive materials that are created when.
stable substances are bombarded by neutrons. For example,
cobalt-60 is formed from the neutron bombardment of the stable
isotope cobalt-59.

additional cleanup before storage - an NRC staff-identified alterna-
-tive to the licensee's proposal. Additional cleanup before
storage involves the continuation of cleanup without completion
(following removal of more than 99 percent of the fuel from the
facility), followed by a period of storage and then the comple-
tion of the cleanup after the storage period.

AFHB - see guxiliary and fuel-handling building

1l

Agreement States - States that have agreed to accept the responsibil-
ity of enforcing the provisions of Federal legislation for activ-
ity within their borders. The Commonwealth of Pennsylvania is an
Agreement State with respect to the Clean Water Act, but not the
Atomic Energy Act. o

ALARA - an acronym for "as low as reasonably achievable." The term
is defined in 10 CFR 20.1 (CFR 1988a) as "as low as is reasonably
achievable taking into account the state of technology, and the
economics of improvements in relation to benefits to the public
health and safety, and other societal and socioeconomic
considerations, and in relation to the utilization of atomic
energy in the public interest."

xxxix




alpha radiation - an emission of particles (helium nuclei) from a

material undergoing nuclear transformation. The particles have a
nuclear mass number of four and a charge of plus two.

ambient radiation - surrounding radiation from multiple or distributed

sources.

anadromous fish - fish that ascend freshwater streams from the sea to

spawn.

attocurie - 1 x 10" curie, a unit for measuring radioactivity.

auxiliary and fuel-handling building (AFHB) - a building located at

the TMI-2 facility. It is divided into two sections that are
separated by a common wall. The auxiliary section contains
tanks, pumps, piping, and other equipment to process and store
water for the reactor coolant system and to treat radioactive
wastes. The fuel-handling section contains large basins, or
pools, for the storage of spent fuel.

“background radiation - the level of radiation in an area which is pro-

duced by sources of radiation (mostly natural) other than the one
of specific interest. Examples of such radiation sources are
cosmic radiation and radioactive elements in the atmosphere,
building materials, the human body, and the crust of the earth.
In the Harrisburg area, the background radiation level is about
300 mrem/yr, not including any contribution from medical
practice. (See Section 4.1.7.)

- Biological Effects of Ionizing Radiation. A set of reports by
the National Academy of Sciences, Advisory Committee on the
Biological Effects of Ionizing Radiation. (See also References,
Section 8.0.) .

benthic - dwelling on the bottom of a body of water.

beta

particles - an electron or a positron (a particle with the same

beta

mass as an electron but with a positive charge rather than a
negative one). Beta particles are commonly emitted from the
nuclei of atoms undergoing nuclear transformation. Also referred
to as beta radiation.

radiation - radiation consisting of beta particles.

biota - plant and animal life.

CF

Ci -

- Code of Federal Regulations.

see curie.
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collective 50-year dose commitment - the total radiation dose received
by a population or group of individuals from an initial exposure
through the succeeding 50 years. For exposures of greater than
one year's duration, the collective 50-year dose commitment as
used in this supplement represents the sum of 50-year dose com-
mitments resulting from each year's exposure. The collective
50-year dose commitment is expressed in person-rem. (See person-
rem.) o

cumulative occupational dose - the total radiation dose to workers.
It is determined by summing the product of the dose rate and the
length of time the worker is exposed to the dose rate for all
dose rates and all workers. The cumulative occupational dose is
expressed in person-rem. (See person-rem.)

curie (Ci) - the special unit of activity. Activity is defined as the
~number of nuclear transformations occurring in a given quantity
of material per unit of time. One curie of activity is 37 bil-
lion transformations per second.

decay products - the nuclides formed by the radioactive disintegration
of a first nuclide (parent). Also called daughter products.

decommissioning - removing nuclear facilities safely from service and
reducing residual radioactivity to a level that permits release
of the property for unrestricted use and termination of the
license.

DECON - the decommissioning alternative in which equipment, structures
and portions of a facility and site containing radioactive con-
taminants are removed or decontaminated to a level that permits
the property to be released for unrestricted use shortly after
cessation of operations.

defueling - the licensee's term for removal of more than 99 percent of
the fuel from the TMI-2 facility.

delayed cleanup - an NRC staff-identified alternative to the licen-

see's proposal. Delayed cleanup involves maintaining the TMI-2

- facility in post-defueling monitored storage (PDMS) for a period
of time ranging from less than 17 years to 33 years after more
than 99 percent of the fuel has been removed from the facility.
After the storage period, the cleanup process would be resumed
and completed in 4 years. Decommissioning and refurbishment
activities are not considered as part of this alternative.

delayed decommissioning - the NRC staff's term for the licensee's (GPU
Nuclear's) proposal to maintain the TMI-2 facility in post-
defueling monitored storage (PDMS). for an unspecified period of
time (assumed to be from less than 17 years to 33 years) after
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more than 99 percent of the fuel has been removed from the
facility. After the storage period, the facility likely would be
decommissioned. The NRC staff assumed that less than 1 year
would be necessary for any decommissioning preparations following
PDMS. (See PDMS.) Activities occurring after the initiation of
decommissioning are not considered as part of the delayed
decommissioning alternative. "

demineralizer systems - prpcessiﬁg systems in which syntheti¢ ion
exchange materials are used to remove impurities from water.

DOE - U.S. Department of Energy. °
dose - a general term indicating the amount of energy absorbed from
incident radiation by a unit mass of any material.

dose commitment - the integrated dose to an individual that results
unavoidably from the intake of radioactive material. The
individual begins receiving the dose at the time of intake and
continues receiving a dose (at a decreasing dose rate) for a
period of time (usually specified to be 50 years from intake).

dose rate - the dose (amount of energy absorbed by a unit mass)
received per unit of time. :

DOT - U.S. Department of Transportation.

emergency allocation - allocatibﬁ of waste disposal volume by the DOE
in commercial LLW burial sites because of unusual circumstances.

\

ENTOMB - the decommissioning alternative in which radioactive contami-
nants are encased in a structurally long-lived material, such as
concrete. The entombed structure is appropriately maintained and
continued surveillance is carried out until the radioactivity
decays to a level permitting release for unrestricted use of the
property. :

EPA - U.S. Environmental Protection Agency.

EPICOR II - a filtration and demineralizer system designed to process
some of the liquid radioactive waste resulting from the TMI acci-
dent. The system can be used on liquid waste containing up to
100 microcuries of radioactivity per milliliter of water.

ERDA - U.S. Energy Research and Development Administration, predeces-
sor to the DOE. )

etiology - the cause of disease or disorder as determined by medical
diagnosis.
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exposure - the condition of being made subject to the action of radia-
tion; also, a measure of the ionization produced in air by x-ray
or gamma radiation. '

50-year dose commitment - the total radiation received from initial
exposure through the succeeding 50 years.

fission - the spontaneous or induced disintegration of a heavy atom
into two or more lighter atoms with an accompanying loss of mass
that is converted into energy.

fission products - the nuclides formed by the division of a heavier
nucleus, typically in a nuclear reactor. Isotopes of essentially
all elements are produced by fission of fissile materials.
Fission products are the main radioactive components of high-
level radioactive wastes.

gal/min - gallons per minute.

gamma radiation - electromagnetic radiation of high energy (and short
wavelength), emitted by nuclei undergoing internal changes.
Gamma radiation has the highest energy and shortest wavelength in
the electromagnetic spectrum and is capable of penetrating
several inches of a solid such as concrete.

genetic effects of radiation - effects of radiation that alter the
hereditary material and may therefore affect subsequent unexposed
generations. ,

GPU or GPU Nuclear Corporation - the licensee at TMI-2, a subsidiary
of General Public Utilities Corporation.

groundwater - water that exists or flows below the ground's surface
(within the zone of saturation).

h - hour.

half-1ife - the time required for half of a given radioactive sub-
stance to decay. ’

Hanford Nuclear Reservation - a nuclear facility near Richland,
Washington, that is operated by the DOE.

hectare - a metric unit of measure equal to 2.47 acres.

HEPA filter - high-efficiency particulate air filter.
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immediate cleanup - an NRC staff-identified alternative to the licen-
see's proposal. Immediate cleanup involves the continuation and
completion of the cleanup at the present level of effort follow-
ing a 2-year period for engineering study that follows the
removal of more than 99 percent of the fuel from the facility.
Decommissioning and refurbishment activities are not considered
as part of this alternative. ‘

immediate cleanup/reduced effort - an NRC staff-identified alternative
to the licensee's proposal. Immediate cleanup/reduced effort
involves the continuation and completion of cleanup at a reduced
level of effort for a period of 7 to 10 years following the

( removal of more than 99 percent of the fuel from the facility.
Decommissioning and refurbishment activities are not considered
as part of this alternative.

immediate decommissioning - an NRC staff-identified alternative to the
licensee's proposal. Immediate decommissioning involves a 2-year
period of preparation for decommissioning with no additional
cleanup following the removal of more than 99 percent of the fuel
from the facility. Activities occurring after the initiation of
decommissioning are not considered as part of the immediate
decommissioning alternative.

incomplete defueling - an NRC staff-identified alternative to the
licensee's proposal. Incomplete defueling involves maintaining
_the TMI-2 facility in PDMS for a period ranging from less than
17 years to 33 years after 85 percent of the fuel has been
removed from.the facility. Following PDMS, a l-year period would
be necessary -for decommissioning preparations. Activities
occurring after the initiation of decommissioning are not
considered as part of this alternative.

ion - an atom or molecule from which an electron has been removed (a
positively charged ion) or to which an electron has become
attached (a negatively charged ion).

ion exchange - in this document, a process for selectively removing a
constituent from a waste stream by reversibly transferring ions
from a liquid to an insoluble solid (the ion exchange media).

N \

ion exchange media - resins or zeolite materials used in ion exchange
processes.

ionization - the process by which a neutral atom or molecule acquires
a positive or a negative charge by removal or attachment of an
electron.

ionizing radiation - any form of radiation that generates ions in the
irradiated material.
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isotopes - nuclides with the same atomic number but with different
atomic masses, therefore having the same chemical properties but
different physical properties.

-~ kilogram.

= Fg‘

- liter.

licensee - the holder of a license issued by the NRC to possess or use
radioactive materials. In the case of TMI-2, the license is held
by GPU Nuclear Corporation.

|
[
(e}

- lower limit of detection.

LLW - low-level waste; all radioactive waste materials that are not
high-level or transuranic waste. Most TMI-2 wastes are of this

type.
L/min - liters per minute.

maximally exposed individual - the hypothetical person who would
receive the greatest possible radiation dose from a specific
release. For atmospheric releases, this individual is assumed to
breathe air at that offsite boundary location with the highest
airborne concentration and to consume food products raised exclu-
sively in that offsite boundary location receiving the maximum
ground deposition of released radioactive material. For liquid
releases, this individual is assumed to consume large quantities
of river water and fish and to participate frequently in river-
shore activities. 1In this supplement, the maximally exposed
individual is also assumed to eat large quantities of Chesapeake
Bay shellfish. :

MCi - megacurie (one million curies); a unit for measuring
radioactivity.

Memorandum of Understanding - an agreement between the NRC and DOE,
whereby the DOE will accept certain categories of waste from the
cleanup of TMI-2 for permanent disposal, either without cost or
on a cost-reimbursement basis. (Memorandum of Understanding
Between the U.S. Nuclear Regulatory Commission and the U.S.
Department of Energy., Concerning the Removal ‘and Disposal of
Solid Nuclear Wastes from Cleanup of the Three Mile Island Unit 2
Nuclear Plant, March 15, 1982.)

uCi - microcurie (L x 10® curie or one-millionth of a curie); a unit
for measuring radioactivity.

pg - microgram (1 x 10° gram or one-millionth of a gram); a unit for
measuring weight.
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mg/L - milligrams per liter. !
mL - milliliter.

maximum permissible concentration - the NRC-prescribed concentration
limit for radioactive materials in 10 CFR 20, Appendix B
(CFR 1988a). The MPCs are expressed as average radionuclide
concentrations in air or water. Different MPC values apply to
the public and to radlatlon workers.

s

mR - milliroentgen (1 x 1073 roentgen or one-thousandth of a roentgen);
a unit for measuring radiation exposure in air.

mrem - millirem (1 x 10° rem or one-thousandth of a rem); a unit of
measuring radiation dose equivalent.

MSL - mean sea level.
NAS - National Academy of Sciences.

nCi - nanocurie (1 x 10®° curie or one-billionth of a curie); a unit
for measuring radioactivity.

NCRP - National Council on Radiation Protection and Measurement.
NEPA - National Environmental Policy Act of 1969.

neutron - an uncharged elementary partlcle found in the nucleus of
every atom except hydrogen. -

neutron capture - the process in which an atomic nucleus absorbs or
captures a neutron.

no-action alternative - an alternative to the proposed action, which

is required by the National Environmental Policy Act (NEPA).to be

considered as part of all environmental impact statements. The
no-action alternative for the period addressed by this supplement
implies no action to prepare the facility for storage, for decom-
missioning, or for maintaining the facility or completing the
cleanup following the completion of defueling.

2

PDES - National Pollutant Discharge Elimination System.
NRC - U.S. Nuclear Regulatory Commission.

nuclide - a species of atom hav1ng a spe01f1c mass, atomic number, and
nuclear energy state. '

occupational radiation exposure - the radiation exposure to which
workers at a nuclear facility are subjected during the course of
their work.
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ORNL - Oak Ridge National Laboratory.

PaDER - Commonwealth of Pennsylvania, Department of Environmmental
Resources.

pCi - picocurie (1 x 10" curie or one-trillionth of a curie); a unit
"for measuring radioactivity.

pCi/L - picocuries per liter.

PDMS - see post-defueling monitored storage.

PEIS - Final Programmatic Environmental Impact Statement Related to
Decontamination and Disposal of Radioactive Waste Resulting from
March 28, 1979 Accident Three Mile Island Station, Unit 2,
NUREG-0683, 1981.

penetration factor - the fraction of the particulates that would pass
through a high-efficiency particulate air (HEPA) filter.

person-rem - the sum of the individual radiation doses (collective
dose) received by members of a certain group or population. It
may be calculated by multiplying the average dose per person by
the number of persons. For example, a thousand persons, each
exposed to 1 millirem (1/1000 rem), would have a collective dose
of 1 person-rem. .

photon - a quantity of energy emitted in the form of electromagnetic
radiation. Gamma rays and x-rays are examples of photons.

population dose - the summation of individual radiation doses received
by all those exposed to the radiation source or event being
considered, and expressed as person-rem. The same as collective
dose. ‘

post-defueling monitored storage (PDMS) - the licensee's term for
monitored storage of the TMI-2 facility following defueling
(removal of more than 99 percent of the fuel from the TMI-2
facility). Monitored storage refers to the inspection, sur-
veillance, and maintenance of the facility during the storage
period. (See storage.)

ppm - parts per million.

grimary system - see reactor coolant system.

PWR - pressurized water reactor. The TMI-2 reactor is of this type.

rad - a unit of absorbed dose of ionizing radiation.
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radiation - energy in the form of electromagnetic rays (radiowaves,
light, x-rays, gamma rays) or particles (electrons, neutrons,
helium nuclei) sent out through space from atoms, molecules, or
atomic nuclei as they undergo internal change. It may also
result from particle and electromagnetic radiation interactions
with matter.

radioactive contamination - radioactive material located in areas
where it is not wanted.

radioactive decay - the spontaneous natural process by which an
unstable radioactive nucleus releases energy or particles.

radioactivity - product of radioactive decay of an unstable atom.

" radioisotopes - radioactive isotopes. (See also radionuclide and
isotopes.) :

radionuclide - an unstable nuclide that undergoes radioactive decay.

RCRA - Resource Conservation and Recbvery Act.

reactor building - a containment building that houses the reactor
vessel.

reactor coolant system - consisting of the reactor, the steam genera-
tors, the reactor coolant pumps, and the connecting piping. In
an operating reactor, the heat produced by the reactor is trans-
ferred to .the water coolant in the reactor vessel. The hot water
is circulated through the steam generator tubes to produce steam.
The reactor coolant pump is used to circulate the water coolant.
The reactor coolant system is also called the primary coolant
system or primary system.

rem - a unit of radiation dose equivalent that is proportional to the
- risk of biological injury. ' '

resin liners - cylindrical metal containers used for the ion exchange
media (resins and/or zeolites) during purification of contami-
nated water by ion exchange processes.

resins - solid or semisolid products of synthetic‘brigin used in ion
exchange processes for purification of liquids.

resuspension factor - the ratio of the amount of radioactive material
in the air (pCi/m®) to the amount of loose radioactive material on
a surface (uCi/m?). '

roentgen (R) - unit of exposure (gamma or x-ray) in air. (One roent-
gen equals 2.58 x 10* coulomb per kilogram of air.)
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SAFSTOR - the decommissioning alternative in which the nuclear facil-
ity is placed and maintained in such a condition that it can be
safely stored, monitored, and subsequently decontaminated to

; levels that permit release for unrestricted use.

scabbling - an aggressive decontamination technique that removes con-
crete surface coatings with toothed pistons or a rotating drum.

SDS - submerged demineralizer system; a water-treatment system that
uses a synthetic zeolite mineral as the ion exchange medium to
remove radioactive isotopes that are present in the radioactively
contaminated water it processes.

shielding - a barrier of solid or liquid.matexial (e.g., lead, con-
crete, or water) that reduces the intensity of radiation passing
through it. Shielding can be used to protect personnel from the
damaging effects of ionizing radiation.

somatic effects of radiation - effects of radiation limited to the
exposed individual, as distinguished from genetic effects, which
may also affect subsequent unexposed generations. Somatic
effects include cancers of .various types.

source term - the list of radionuclides and the quantity of each
radionuclide that is assumed to be present in a given mixture.

specific activity - quantity of radioactivity per unit mass, usually
in picocuries per gram.

storage - for the purposes of this supplement, storage is defined as
the placement of the TMI-2 facility into a passive monitored
state for some unspecified time period before decommissioning or
completion of the cleanup.

Supplement 1 - the first supplement to the PEIS (Final Supplement
Dealing with Occupational Radiation Dose [NRC 1984]).

Supplement 2 - the second supplement to the PEIS (Final Supplement
Dealing with Disposal of Accident-Generated Water [NRC 1987]).

technical specifications - limits and requirements that are set forth
in the facility license.
TMI - Three Mile Island.

TIMI-1 - Three Mile Island Unit 1; the NRC-licensed reactor operating
on the TMI site.

TMI-2 - Three Mile Island Unit 2; the accident-damaged reactor under-
~  going cleanup on the TMI site.
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TMI-2 Advisory Panel - an advisory panel established in 1980 by the
NRC to serve as a means to communicate public concerns regarding
the cleanup of TMI Unit 2 directly to the Commission. The TMI-2
Advisory Panel is composed of scientists, citizens, and represen-
tatives of local and state governments.

total body dose - the radiation dose to the total body, including the
bones and all organs, from both external and internal
radionuclides.

transuranics-- elements having atomic numbers higher than that of
uranium (92), including neptunium, plutonium, americium, and
curium.

tritiated water - water in which one or both hydrogen atoms have been
replaced by a tritium atom.

tritium - a radioactive isotope of hydrogen, containing two neutrons.
The nonradioactive forms of hydrogen have 1 or zero neutrons.
The half-life of tritium is 12.3 years.

unrestricted use - use of any area or facility without restriction
' because of prior contamination. :

UNSCEAR - United Nations Scientific Committee on the Effects of Atomic
Radiation.

U.S. Ecology - the operator of a commercial LLW burial site near
Richland, Washington.

volume reduction factor - the ratio of the remaining volume over the
initial volume. ' :

water table gradient - the ratio of change in water table elevation
over horizontal distance.

yr - year.
\

zeolites - any of various natural or synthesized silicate minerals
used to purify water.



1.0 INTRODUCTION

In March 1981, the U.S. Nuclear Regulatory Commission (NRC) pub-
lished the final Programmatic Environmental Impact Statement Related
to Decontamination and Disposal of Radioactive Waste Resulting from
March 28, 1979 Accident Three Mile Island Nuclear Station, Unit 2,
(NRC 1981), referred to in this document as the PEIS.

The PEIS was intended to provide an overall evaluation of the
environmental impacts that could result from cleanup activities at
Three Mile Island, Unit 2 (TMI-2), from the stabilization of plant
conditions after the accident through the completion of cleanup, based
on the information then available. The cleanup plan evaluated in the
PEIS called for four fundamental activities: building and equipment
decontamination; fuel removal and decontamination of the reactor cool-
ant system; treatment of radioactive liquids; and packaging, handling,
shipment, ‘and disposal of radioactive wastes. Following the publi-
cation of the PEIS, the Commission issued a Policy Statement.on
April 28, 1981, indicating that the NRC staff would evaluate and act
on major cleanup proposals as long as the impacts associated with the
proposed activities fell within the scope of the impacts already
assessed in the PEIS. Throughout the cleanup, the NRC staff has
reviewed the licensee's proposed major cleanup activities to ensure
that the activities are safe and that potential environmental impacts
are within the range of impacts given in the PEIS.

Until now the PEIS had been supplemented twice (NRC 1984;

NRC 1987) since its publication. Supplement 1 (NRC 1984) reevaluated
the occupational dose estimates given in the 1981 PEIS because new
information led the NRC staff to conclude that cleanup could result in
greater occupational radiation exposure than was originally estimated. .
Supplement 2 (NRC 1987) updated the information presented in the PEIS
regarding options for disposal of the water contaminated as a result
of the accident (accident-generated water) and the environmental
impacts that could result from disposal.

This document is the third supplement to the PEIS; its purpose is
to address the environmental impacts associated with a proposal from
the licensee, GPU Nuclear Corporation (GPU), to place the TMI-2 facil-
ity into storage at the conclusion of defueling (termed post-defueling
monitored storage [PDMS] by the licensee).

Before entering PDMS, more than 99 percent of the fuel will have
been removed from the reactor, the possibility of an inadvertent
recriticality precluded, and the facility decontaminated to specific
levels identified by the licensee as endpoint goals. The point in
time when these activities will have been completed has been desig-
nated by the licensee and is referred to in this supplement as the
"end of defueling." In addition, the reactor coolant system would
have been decontaminated to a limited degree, (including fuel removal
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to the extent possible and draining of the system) treatment and dis-
posal of radioactive liquids would be either completed or underway,
and packaging and shipping of much of the radioactive wastes from the
site would be completed. Of the four fundamental activities identi-
fied in the PEIS and listed above, only building and equipment decon-
tamination would not be either substantially or actually completed.

Of the buildings contamlnated by the accident, only the reactor
building and a few areas in the aux111ary and fuel-handling building
(AFHB) would have general area radiation levels higher than those of
an undamaged reactor facility nearing the end of its operating life.

The licensee proposes to leave the TMI-2 facility in storage for
an unspecified period of time, quite likely until TMI-1 is ready for
decommissioning. At that time, the licensee would prepare both TMI-1
and TMI-2 for decOmmissioning: The proposal of a PDMS period followed
by preparations for decommissioning is referred to in this document as
"delayed decommissioning."® Although the licensee has not identified
the length of the storage period, the NRC staff has evaluated delayed
decommissioning assuming a storage period to the end of the Unit-1
license, at which time both units presumably would be decommissioned.
The present Unit-1 license expires on May 18, 2008. NRC regulations
in 10 CFR 50.51 (CFR 1988a), allow the licensee to amend their license
to continue operation until 2014. Therefore, if PDMS begins in 1991
and the licensee is allowed to amend their license so that it expires
in 2014, then the duration of PDMS would be 23 years, the length of’
time between 1991 and 2013. ,

The licensee has stated (GPU 1987b) that PDMS was proposed (1) to
allow for decay of radionuclides, thereby lowering the occupational
exposures that might be incurred during any future efforts to recom-
mission or decommission the facility, and (2) to allow for the devel-:
opment of improved decontamination technology and robotic technology
that would have -a beneficial impact on cost and occupational exposure
levels during the remaining phases of cleanup.

The licensee has further indicated that during the PDMS period,
the developing technology for radioactive waste packaging and volume
reduction could result in a reduction in the total volume of radio-
active waste generated following PDMS. 1In addition, the licensee has
stated that placing the TMI-2 facility in storage until the decom-
missioning of TMI-1 would allow for a more efficient use of the decom-
missioning work force, as well as eliminating any possible impact of
TMI-2 decontamination and decommissioning operations on the TMI-1
facility.

~

(a) This supplement evaluates the delayed decommissioning proposal
from the completion of defueling up to the initiation of
decommissioning. The impacts of decommissioning activities would
be the subject of a separate analysis.
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In accordance with the National Environmental Policy Act (NEPA),
this supplement considers alternative actions to the licensee's pro-
posal. Seven alternatives are evaluated: delayed cleanup, immediate
cleanup, immediate cleanup/reduced effort, immediate decommissioning,
incomplete defueling, additional cleanup before storage, and no
further cleanup following defueling (the "no-action" alternative).
Delayed cleanup is similar to delayed decommissioning since both have
a PDMS period. However, this alternative differs from the licensee's
proposal in that following the storage period, the cleanup would be
resumed and would continue until the conditions in the TMI-2 facility
were similar to those in an operating facility (that has not undergone
a serious accident) nearing the end of its life. Immediate cleanup is
the continuation and completion of the cleanup at the 1983-1987 level
of effort, beginning with a 2-year period for engineering and planning
studies. Immediate cleanup/reduced effort is similar to immediate
cleanup except that the cleanup would continue (although with a lower
level of effort) from the end of defueling and would be maintained at
a lower level of effort than was assumed for immediate cleanup for a
total period of 7 to 10 years. Immediate decommissioning does not
include a storage period, but instead involves approximately 2 years
of preparation of the facility for decommissioning.h) Incomplete
defueling is similar to delayed decommissioning except that only
85 percent of the fuel would be removed from the facility before the
facility was placed in storage.w) Additional cleanup before storage is
similar to delayed cleanup except that some additional decontamination
and cleanup would be performed before the facility was placed in PDMS.
The remaining cleanup would be completed following the storage period.
The no-action alternative of no further cleanup following defueling
involves the completion of defueling, but there would be no further
efforts to complete the decontamination of the facility or to prepare
the facility for storage or decommissioning. That is, the facility
would be left in the post-defueling condition with no attempts to
monitor or maintain the facility.

To properly compare alternatives for a proposal such as this, a
common starting point and endpoint for the activities are desirable.
However, the alternatives considered in this supplement do not all
begin with common plant conditions, continue for an equal period of
time, or end with the same set of plant conditions. For instance, the
alternative of incomplete defueling assumes only 85 percent of the

(a) Only those impacts occurring during the preparations for
decommissioning are evaluated. The impacts of decommissioning
are not considered in this supplement.

(b) This alternative was evaluated before the licensee had removed
greater than 85 percent of the fuel. Although NRC staff recog-
nizes that the licensee has removed greater than 85 percent of
the fuel, the analysis of this alternative still serves as a
bounding case.
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fuel has been removed. The licensee's proposal and the other staff-
identified alternatives assume 99 percent of the- fuel has been
removed. Also, the endpoints for delayed decommissioning (the
licensee's proposal), immediate decommissioning, and incomplete
defueling would result in limited additional area and equipment decon-
tamination before the facility was decommissioned. For each of these
alternatives, the remaining cleanup to allow unrestricted access to
the facility would occur during decommissioning. activities, which are
outside the scope of this supplement. Delayed cleanup, immediate
cleanup, immediate cleanup/reduced effort, and additional cleanup
before storage will result in (1) building and equipment decontamina-
tion to the point where general area dose rates approximate those in
an undamaged reactor facility nearing the end of its operating life,
(2) fuel removal and decontamination of the reactor coolant system,
(3) treatment of radioactive liquid wastes, and (4) packaging, ship-
ment, and offsite disposal of radioactive wastes. Following these
activities, the facility would be decommissioned to allow unrestricted
access. The impacts of the decommiSSioning activities are not
evaluated in this supplement.

Because this document, like the impact statement it supplements,
is programmatic in nature, it is not intended to provide a step-by-
step work plan. However, the most probable sequences and methods for
cleanup have been assumed in order to predict the resulting environ-
mental impacts. The best available information has been used and
documented in this analysis. Where there are uncertainties, con-
servative assumptions have been made and documented in the text and
appendixes as appropriate.

Background information potentially affecting the cleanup is pre-
sented in Section 2.0 of this supplement. This information includes
cleanup progress and conditions in the reactor building and the AFHB
as of the end of May 1989, radiation source characteristics, and
regulatory and administrative considerations. In Section 3.0, the
licensee's proposal for delayed decommissioning and the seven NRC
staff-identified alternatives to this proposal are described in.
detail, and the potential environmental impacts of the licensee's
proposal and of each alternative are quantitatively evaluated (with
the exception of the alternative of additional cleanup-before storage"
and the no-action alternative, which are described but not quantita-
tively evaluated). These potential environmental impacts include
radiation exposure to the offsite population from routine and acci-
dental releases, occupational radiation dose, waste management
impacts, transportation impacts, socioeconomic impacts, commitment of
resources, and regulatory considerations. Section 4.0 discusses the
potentially affected environment. Section 5.0 summarizes and compares
the environmental impacts for the evaluated alternatives and discusses
the potential for human health effects. The NRC staff's conclusions
are presented in Section 6.0. The staff's responses to comments and
questions on Draft Supplement 3 are presented in Section 7.0.



A

References are listed in Section 8.0, and the index is provided in
Section 9.0. Appendix A contains copies of the comment letters
received in response to comments on Draft Supplement 3, as well as
sections from the transcripts of the TMI-2 Advisory Panel meetings
(May, July, and September 1988) and the transcript of the NRC periodic
briefing by the TMI-2 Advisory Panel (October 1988). Other appendixes
list contributors and provide additional details on the methods of
estimating the impacts.
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2.0 BACKGROUND INFORMATION AFFECTING CLEANUP ALTERNATIVES

Section 2.1 summarizes the cleanup progress to the end of May
1989 and describes the conditions that will exist in the reactor
building and the auxiliary and fuel-handling building (AFHB) at the
end of defueling. Section 2.2 evaluates the inventory of radioactive
material that is expected to be present in the facility at the end of
defueling. The regulatory and administrative considerations affecting
the cleanup after defueling is completed are addressed in Section 2.3.

2.1 CLEANUP PROGRESS AND CURRENT CONDITIONS

The 1979 accident at the TMI-2 facility involved a loss of reac-
tor coolant and resulted in serious damage to the reactor fuel. When
coolant was restored, radioactive contamination in the form of fuel
debris and fission products was distributed by the cooling water
throughout the reactor coolant system. A portion of the water, carry-
ing fuel debris and fission products as dissolved and particulate
material, escaped from the reactor coolant system and flowed into the
reactor building basement. (A discussion of the inventory of radionu-
clides transported in the water is contained in Section 2.2.) Exposed
surfaces in the reactor building and AFHB were contaminated with mate-
rial in the reactor coolant and from radionuclides that became air-
borne as steam escaping from the reactor coolant system condensed
during and shortly after the accident. After the accident, the water
in the basement was heated by residual heat from the reactor vessel,
evaporated, condensed on the walls, and drained down onto the floors
and back into the basement. This period of evaporation and conden-
sation contributed to the permeation of radionuclides into porous sur-
faces, such as concrete and the incorporation of radionuclides into
corrosion layers as iron surfaces rusted. A more detailed account of
the accident is contained in a U.S. Nuclear Regulatory Commission
(NRC) report (NRC 1979a), Kemeny et al. (1979), and Rogovin and
Frampton (1980).

The PEIS and previous supplements have evaluated the impact of
activities necessary to reach the "completion of cleanup." As defined
by the PEIS, the .completion of cleanup will be achieved when four
fundamental activities have been completed: (1) building and equip-
ment decontamination to levels typical of an operating reactor nearing
the end of its life, (2) fuel removal and decontamination of the reac-
tor coolant system, (3) treatment of radioactive liquids, and
(4) packaging, handling, shipment, and disposal of radioactive wastes.
As envisioned by the PEIS, after the completion of cleanup, the facil-
ity would be decommissioned or refurbished.

The PEIS indicated that the general area radiation dose rates at
the completion of cleanup would approach 10 mrem/h in most areas of
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the reactor building and AFHB. This is typical of commonly occupied
areas in an undamaged reactor facility (one that has not undergone a
severe accident) nearing the end of its operating life. The primary
differences between an undamaged reactor facility at the end of its
operational life and the condition of the TMI-2 facility following
completion of the current defueling program are the relatively high
levels of contamination that would still remain in the reactor build-
ing basement and the quantity of residual fuel that would remain in
the reactor coolant system. r

Within certain cubicles, shielded areas, and other infrequently
occupied areas, radiation dose rates may be considerably higher both
in undamaged facilities and in the TMI-2 facility. Radiation levels
may be lowered in one of two ways: radiation sources may be shielded
or they may be removed. Both portable shielding and radionuclide
removal have been used in TMI-2 cleanup. Shielding, however, is a
temporary measure to minimize dose to the workers. The radiation
sources must ultimately be removed. In assessing the measures neces-
sary to complete cleanup, the NRC staff has assumed that dose rates,
in the absence of portable shielding, would need to be comparable to
those of an.undamaged reactor facility nearing the end of its operat-
ing life.

Although radiation levels at the completion of cleanup would be
comparable to those of an undamaged reactor, the mix of radionuclides
that contributes to the radiation levels in TMI-2 will differ substan-
tially from the mix in an undamaged reactor. In most reactors, radia-
tion levels are primarily due to cobalt-60 and other activation
products. The radiation levels in the TMI-2 reactor are primarily due’
to cesium-137, a fission product.

In the following sections, a description of the cleanup progresé
to the end of May 1989 and the conditions that will exist at the end
of defueling is given for four major areas: (1) the reactor building,
(2) the reactor vessel, (3) the reactor coolant system, and (4) the
AFHB.

2.1.1 Reactor Building Cleanup

The reactor containment building is uniquely designed and con-
structed to maintain its structural integrity (with almost no leakage)
during a wide variety of accidents. The entire building is con-: ’
structed of reinforced concrete lined with welded steel. The liner
is painted with a corrosion-resistant paint to the level of the base-
ment floor. The bottom of the building is covered with approximately
2 feet (0.6 meters) of poured concrete to form the floor of the reac-
tor building basement. Piping and electrical system penetrations that
enter the building are sealed to maintain their integrity through a
variety of accident conditions.
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The building is equipped with a two-train ventilation system,
both trains having double-stage high-efficiency particulate air (HEPA)
filters. These filters remove particulate material but allow gases to
pass through.

A plan view of the reactor building is given in Figure 2.1. The
three levels within the building are referred to by elevation above
sea level: the 305-foct elevation (entry level), the 347-foot eleva-
tion (operating floor), and 282-foot elevation (referred to as the
basement). Decontamination work to date has significantly reduced
radiation fields in the reactor building. The emphasis during cleanup
has been on removing debris, decontaminating, and shielding frequently
traveled and frequently occupied areas. The specific conditions at
each elevation are discussed separately in the following paragraphs.

The building is entered at the 305-foot elevation (Figure 2.2).
When the building was first entered after the accident, the radiation
dose rates at this elevation averaged 430 mrem/h in occupied portions.
By the end of 1988, removal of debris, decontamination, placement of
shielding, and the removal of the surface layer from floors and walls
(scabbling) had reduced the general area exposure rates at this level
to an average of about 60 to 70 mR/h. Decontamination using high- and
low-pressure sprays of borated water appears to have reduced the
amount of contamination on equipment and building surfaces. Effec-
tive, but temporary, dose -rate reductions also have been achieved by
placing shielding around some sources of high-level radiation, includ-
ing the air coolers, elevator shaft, both stairwells, and some floor
drains. Scabbling, an aggressive decontamination technique that
removes concrete surface coatings with toothed pistons or a rotating
drum, has removed additional contamination and reduced the general
area dose.rates. A large portion of the 305-foot elevation has been
scabbled and the remaining rough surfaces sealed by applying an epoxy
sealant to prevent recontamination of the concrete. Figure 2.2 shows
the general area exposure rates (gamma radiation) as of May 1989.
Most of the remaining radiation sources are difficult to remove and/or
are in relatively inaccessible locations. Contamination is still
present on structures such as the air coolers and floor drains that
are currently shielded. Contamination is also present on electrical
cables and trays, piping supports, and overheads.

The 347-foot elevation (Figure 2.3) is the operating floor
formerly reached by an open stairway, an enclosed stairwell, and an
elevator. Radiation dose rates resulting from the accident have
prevented the refurbishment of the elevator and minimized use of the
enclosed stairwell. A temporary stairway allows access to a portion
of the enclosed stairwell. Shielding has been placed within the
stairwell, reducing the dose rates. The reactor vessel defueling
platform is accessed from the 347-foot elevation. Dose rates at the
347-foot elevation averaged 240 mrem/h in occupied portions following
the accident. Essentially all the concrete floors at the 347-foot
elevation have been scabbled and sealed. Shielding, removing debris,
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decontaminating, and scabbling reduced the general area exposure rates
to approximately 25 mR/h to 35 mR/h by May 1989, with less than

35 mR/h for most well-traveled areas and approximately 10 mR/h on the
defueling platform. A map of the general area exposure rates (gamma
radiation) during May 1989 is shown in Figure 2.3. Contamination is
still present on shielded structures, as well as on electrical cable
trays, piping supports, and other overhead components.

The polar crane located at the 426-foot elevation is reached by
ladder or hoist from the 347-foot elevation. The elevation of the
crane's cab is 418 feet, 6 inches. The polar crane, which is shown in
Figure 2.1, was used to prepare for defueling and continues to be used
to transport decontamination equipment, radioactive waste, and shield-
ing materials within the reactor building. Dose rates at initial
access to the polar crane after the accident averaged 120 mrem/h in
occupied portions, but had been reduced tc an exposure rate of about
80 to 90 mR/h by May 1989.

The 282-foot elevation is the reactor building basement (Fig-
ure 2.4). The basement is divided into two distinct areas that are
separated by the circular portion of the D-ring shield walls. The
area outside the D-ring shield walls contains large numbers of reactor
control cables, various pumps and piping systems, the stairways, 'the
reactor coolant drain tank (located in a shielded cubicle), and other
equipment. During the accident, the major water flow path out of the
reactor core was from the reactor coolant system, through the pressur-
izer relief valve, into the reactor coolant drain tank, and out the
tank's vent line (through a ruptured blow-out disk) into the reactor
building basement. This flow resulted in about 260,000 gallons
(1,000,000 liters) of water covering the reactor basement to a depth
of slightly more than 3.5 feet (1.1 meters). Water from the reactor
building sprays, from additional reactor coolant, and from river-water
inleakage through the building air coolers contributed approximately
360,000 gallons (1,400,000 liters) to the water level in the reactor
building basement, raising it to a depth of approximately 8 feet
(2.4 meters) (Munson and Harty 1985). Because the accident-generated
water remained in the basement for several years, radionuclides con-
centrated on submerged surfaces and were absorbed into the basement's
concrete floors and walls (other than the steel-lined, outer contain-
ment walls). In addition, a layer of sludge was deposited on the
basement floor.

Since the accident, the water has been drained, extensively
processed, and recycled for use in decontamination. Water used during
decontamination procedures on the upper levels has flowed into the
basement, dissolving additional contamination in the basement, which
has been removed as the water was pumped out and processed. Disposal
of the accident-generated water was the subject of Supplement 2 to the
PEIS (NRC 1987) and is not discussed further here.
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Cleanup activities that have been conducted in the basement to
date include. the following: radiation monitoring using instrumenta-
tion mounted on robots and strings of dosimeters suspended from the

- 305-foot elevation; video inspections using robots and cameras lowered
on cables from the 305-foot elevation; collecting concrete cores using
robots; flushing and pumping of the elevator shaft; high- and low-
pressure flushing by robots; flushing from upper elevations; and
scabbling sections of concrete walls using robots in an effort to
remove the surface layer of contaminated concrete. The wall area from
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4 to 7 feet (1.2 to 2.1 meters) above the basement floor was scabbled
only in quadrants 1 and 2. During 1988, an attempt was made to leach
activity from the concrete block wall of the enclosed stairway and
elevator structure. This resulted in the removal of an estimated

33 percent of the cesium-137 inventory in the area treated, which
represents a removal of 7 percent of the total'inventory of the
enclosed stairway and elevator structure.

Approximately 22,000 pounds. (9900 kilograms) of wet sludge has
been removed from approx1mately half of the basement floor, pumped
into a tank located in the auxiliary building, and solldlfled for
burial at a low-level waste (LLW) disposal site. Part of the liquid
© was returned to the basement, with a limited amount, approximately
1000 gallons (3800 liters), processed. A small quantity of fuel frag-
ments, estimated to be between 3.7 and 7.1 pounds (1.7 and 3.2 kilo-
grams), was deposited in the basement during the accident and has ‘
since mixed with solid materials in the sediment in the reactor build-
ing. Some of this material was most likely removed during sludge
removal; however, because the amount removed cannot be accurately
determined, it is conservatively assumed that 7.1 pounds (3.2 kil-
ograms) of fuel remain dispersed in the basement.

A map of the radiation exposure‘rates in the basement during May
1989 is shown in Figure 2.4. Most of the data in this figure were
obtained from contact readings (all measurements were made with a °
shielded directional probe). The radiation levels in the basement
vary somewhat with elevation. This map represents conditions 4 to
7 feet (1.2 to 2.1 meters) above the floor of the_baSemeht. General
area radiation exposure rates taken with a nondirectional probe would
be lower than the contact exposure rates, but hlgher than the general
area exposure rates identified in Flgure 2.4. The highest measured
radiation exposure rates (400 R/h to 1100 R/h before decontamination)
in the reactor building basement were in the vicinity of the elevator
shaft and enclosed stairwell. These structures, which are made of
hollow concrete blocks, became saturated with the accident- generated
water and absorbed radionuclides from the water. Analyses of core
samples of the concrete block indicate that the contamination
(primarily cesium-137) has completely penetrated the concrete block.
Analyses of core samples from the concrete walls indicate that
approximately 90 percent of the radioactivity (primarily cesium-137)
in the concrete walls and the D-ring walls is within the first
1/8 inch (0.3 centimeter) to 1/4 inch (0.6 centimeter) of concrete.

Projected work to be performed before the completion of defueling
includes pumping the remaining water from the basement and processing
it through the submerged demineralizer system (SDS) and/or EPICOR II
system (depending on the radioactivity level), and a final flushing
and removal of sludge debris from the basement floor using robots.

In addition to large amounts of radioactive contamination in the
concrete block stairwell/elevator structure and in the concrete walls
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and floor, the licensee has estimated that a maximum of 8600 pounds
(3900 kilograms) of wet sludge (600 pounds [270 kilograms] of dry
material) would remain after completion of the current defueling
effort. Contamination also remains on insulation, equipment, and
electrical boxes located in the basement.

The two D-ring areas are enclosed by D-ring-shaped walls (Fig-
ures 2.2, 2.3, and 2.4). The D-ring walls extend from the 282-foot
elevation to the 367-foot, 4-inch elevation, although the "D" shape is
not observed until the 305-foot elevation. The D-ring areas are
designated as the "A" and the "B" D-rings and enclose various compo-
nents of the reactor coolant system. The "A" D-ring contains one of
the two steam generators, two of the four reactor coolant pumps, and
the pressurizer. The "B" D-ring contains the second steam generator
and the remaining two reactor coolant pumps. Data obtained from
radiation monitoring with instruments and strings of dosimeters have
demonstrated high levels of contamination on the components of the
reactor coolant system as well as structural surfaces. Decontamina-
tion and dose reduction activities to date have included selective
removal of insulation from reactor coolant system components and low-
pressure flushing from the D-ring top, as well as some high-pressure
flushing. These activities have only been slightly effective in
reducing loose contamination on exposed surfaces. It appears that
much of the activity is in the form of salt or mineral deposits,
highly contaminated coatings or corrosion products bound to the equip-
ment surfaces. The source of this contamination has been postulated
to be from the multiple instrument leads from steam generator tubes
which penetrate the manway and inspection port covers. Exposure rates
in the "A" D-ring range from 80 mR/h at the 349-foot elevation to more
.than 10 R/h at the 295-foot elevation. Exposure rates in the "B"
D-ring range from approximately 0.5 R/h at the 356-foot elevation to
more than 20 R/h below the 330-foot elevation. Exposure rates at the
lower elevations are increasingly influenced by sources in the
basement.

2.1.2 Reactor Vessel Defueling and Disassembly

A comparison of Figures 2.5 and 2.6 illustrates the progress of
defueling and disassembly to the end of 1988. Figure 2.5 is a cutaway
view of the TMI-2 vessel showing the status of the disassembly and
defueling process in October 1984.® This figure is explained on
page 2.8 of Supplement 1 to the PEIS (NRC 1984). Figure 2.6 is a
cutaway view ,0f the TMI-2 reactor vessel as it looked on May 30, 1989.
Reactor vessel defueling and disassembly through May 30, 1989, have
included removing the reactor vessel head, the upper plenum assembly
(the device that positions the control rods), the sections of the
lower core support assembly, and most of the fuel. The head was

(a) A cutaway view of a typical, .undamaged pressurized water reactor
(PWR) vessel was shown in Figure 6.1 of the PEIS (NRC 1981).
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placed on a storage stand at a shielded location on the 347-foot
level. The internals indexing fixture was installed after the reactor
vessel head was removed. It remains on the reactor vessel, flooded to
about 15.5 feet (4.7 meters) above the top of the core region. The
~defueling platform is located on top of the internals indexing fix-
ture. A dam was installed across the fuel transfer canal to create a
storage pool for the plenum assembly and the fuel canisters. The
plenum assembly was removed intact and stored in the deep end of the
fuel transfer canal under 5 feet (1.5 meters) of water. (Total‘depth'
of the water in this end of the fuel transfer canal is 20 feet

[6.1 meters].) A water cleanup system was installed to clarify and
decontaminate the water used for defueling operations.

The original core inventory contained 207,100 pounds
(93,900 kilograms) of fuel (uranium oxide) and 78,200 pounds
(35,500 kilograms) of structural and absorber material for a total of
285,300 pounds (129,000 kilograms). Including oxidation of the metals
and the portions of the upper plenum structure that melted, the total
post-accident core material is estimated to be 293,100 pounds
(133,000 kilograms) (GPU 1988). An additional 4400 pounds (2000 kilo-
grams) of new material, introduced as a result of defueling opera-
tions, and material from recently discovered damage to the reactor
vessel internals increase the total post-accident core material
estimate to 297,500 pounds (135,000 kilograms).

A total of 259,900 pounds (117,900 kilograms) of core ‘material
(fuel, structural material, and absorber material) had been removed
from the reactor vessel as of May 30, 1989. This constitutes 87 per-
cent of the total estimated post-accident core materials inventory.
As of June 19, 1989, 259 canisters of damaged core material
(211,000 pounds [95,700 kilograms]) had been shipped from TMI and
47 canisters were awaiting shipment. The amount shipped constitutes
approximately 70 percent of the estimated core materials inventory.
Table 2.1 shows the estimated distribution on May 30, 1989, of core
material remaining in the reactor vessel. It does not include the
estimated 400 pounds (180 kilograms) that is located outside the
reactor coolant system. The current stages of defueling includes
removal of fuel that is located in the bottom of the vessel and
removal of portions of the core baffle plates to permit defueling of
the region between the baffle plates and the core barrel. Fuel
particles that were swept into the outlet nozzles of the reactor
vessel may also be removed as part of defueling. Defueling will
continue until all the fuel that can be practicably accessed
throughout the reactor vessel has been removed.

The licensee has estimated that the quantity of residual fuel
left in the reactor vessel following the completion of defueling may
be 880 pounds (400 kilograms) (GPU 1988). The fuel that remains would
be distributed among several locations in the form of a tightly adher-
ent film, in granular form within cracks or crevices, or as a con-
gealed mass (GPU 1988). After defueling, reactor internals may be
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TABLE 2.1. Estimated Core Material Distribution in the Reactdr
Vessel as of May 30, 1989

: Estimated
Location - Quantity, pounds
Lower Core Region 200
Lower Core Support Assembly : 5,400
Resolidified material
Loose material (vacuumable)
Loose material (rods and rocks)
Lower Head . 22,300
Monolith or fused material
Post-accident loose material (nonvacuumable)
Post-accident loose material (vacuumable)
Newly relocated loose material (vacuumable)
Newly relocated rods and rocks
Core Former Region ' 9,300

returned to the vessel or stored in other suitable locations, such as
under shielding in the refueling canal.

2.1.3 Reactor Coolahtnslstem Decontamination

A diagram of the reactor coolant system is shown in Figure 2.7.
Directional radiation surveys performed by the licensee confirm that
reactor fuel and fission products were dispersed throughout the reac-
tor coolant piping system as finely divided particles and/or as plat-
ing on surfaces. During the accident, a small quantity of finely
fragmented fuel was also released into the basement by reactor coolant
escaping through the pressurizer relief valve to the reactor coolant
drain tank and into the basement through a disk, which ruptured to
relieve pressure in the reactor coolant drain tank. Directional sur-
veys of the reactor coolant system components have permitted prelimi-
nary estimates of fuel present in these locations. Fuel has been
removed and 1is currently being removed from some portions of the sys-
tem, such as the steam generators. By the end of defueling, more than
99 percent of the fuel will have been removed from the facility. Pos-
sible residual fuel locations outside the reactor vessel and current
licensee estimates of the fuel quantities remaining after defueling as
presented in the licensee's safety analysis report on post-defueling
monitored storage (PDMS) (GPU 1988) are listed in Table 2.2. The
quantity of fuel at each of the locations in Table 2.2 was estimated
by the licensee using a variety of methods, including gamma spectros-
copy and path flow modeling.
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TABLE 2.2. Estimated Quantity of Fuel Remaining in the Facility

at the End of Defueling (Source: GPU 1988)

Location

Reactor Building

Reactor coolant system
Reactor vessel
Other
Reactor coolant pipes
Reactor coolant pumps
Steam generators

Outside the reactor coolant system

Plenum assembly
Reactor building
Fuel transfer canal

Auxiliary and Fuel-Handling Building

Pipe éystems, drains, floors, and sumps

Total®

Quantity of
Residual Core Debris®

pounds kilograms
882 400
417 189
13 6.1
12 5.4
1320 600

(a) These values represent an estimate of post-defueled plant con-'

ditions based on currently available data (GPU 1988).

(b) The totals may not be exact because of rounding.

2.1.4 Auxiliary and Fuel-Handling Building Cleanup

The auxiliary and fuel-handling building (AFHB) was also designed
and constructed to maintain its structural integrity during a variety
of accidents. However, unlike the reactor building, the AFHB was not

designed to be leak-free during such conditions.

The AFHB is composed of two sections that are separated by a com-
mon wall. The auxiliary section contains tanks, pumps, piping, and
other equipment to process and store water for the reactor coolant
system and to treat radioactive wastes.  The fuel-handling section
contains large basins or pools for the storage of spent fuel, and
equipment such as the cranes used to remotely handle the spent fuel.
The general layout of the AFHB is shown in Figures 2.8 and 2.9. The
truck bay area within the AFHB is shared with TMI-1.

2.
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The interior of the AFHB and 26 piping systems in the AFHB were
also contaminated as a result of the accident, although less severely
than the reactor building. Cleanup of the AFHB started shortly after
the accident and is still under way. So far, considerable amounts of
debris and contaminated equipment have been removed, contaminated sys-
tems have been flushed, and the building and remaining equipment are
in the process of being decontaminated. Because most of the interior
surfaces of the building (walls, floors, etc.) are constructed of
uncoated concrete, radioactive materials have penetrated into the sur-
faces to varying depths. High- and low-pressure water sprays, wet
vacuuming, scabbling (usually followed by an application of sealant),
and manual wiping have reduced both the level of smearable contamina-
‘tion on building surfaces and the dose rates. Some temporary dose
rate reduction has also been achieved by shielding radiation sources,
such as floor drains, the elevator shaft, and various valves, piping,
and pipe dead legs. Dose rates in halls and most normally occupied
areas have been reduced considerably. The cubicle areas have proven
to be the most difficult to decontaminate because of the concentration
of equipment (tanks, filters, piping, etc.), the crowded work space,
and the high contamination and high radiation levels. Some.of the
- more highly contaminated components have been removed, however, and
the radiation levels in most cubicles have been substantially reduced.
By the end of 1988, 124 of the 136 contaminated cubicles in the AFHB
were decontaminated so that general area radiation exposure rates
within them are generally less than 15 mR/h. The licensee plans to
decontaminate the remaining cubicles before the end of the current
defueling effort. At this point, the general area exposure rates in
the remaining cubicles will generally approach 15 mR/h.

The fuel-handling section of the AFHB has undergone extensive
decontamination and refurbishment to prepare for defueling. At the
present time, exposure rates throughout the fuel-handling section are
generally less than 15 mR/h. All the contaminated temporary water-
storage tanks have been removed from the "A" fuel pool, the pool liner
cleaned, and new fuel canister racks and a canister dewatering system
installed. However, contamination has been reintroduced to the fuel
pool as a result of defueling operations. After defueling has been
completed and the fuel has been shipped offsite, the fuel pools will
be drained and again decontaminated.

Dose levels in the AFHB at the end of defueling are expected to
be similar to those found in an undamaged reactor facility nearing the
end of its life, except for a few of the cubicle areas.

The licensee estimates that less than 12 pounds (5 kilograms) of
fuel are present in the pipe system, drains, floors, and sumps of the
AFHB (GPU 1988).




2.2 SOURCE CHARACTERISTICS

The potential environmental 1mpacts of cleanup activities at
TMI-2 depend in part on the quantity and distribution of radlonuclldes
present in the facility. Several methods have been used to determine
the quantity and distribution of radionuclides, including direct
measurements, sample analysis, and analysis of reactor operation and
accident data. Identifying all the radionuclides present in the
facility is difficult using measurement or sample-analysis techniques
 because (1) there are a large number of radionuclides associated with
the fuel and (2) the relatively large quantities of cesium-137 and
strontium-90 make detection of other radionuclides difficult. Esti-
mates of the amounts of cesium-137 and strontium-90 present in the .
facility are based on measurements. However, the number and the quan- '
tity of the remaining radionuclides are estimated from the amounts
present at the time of the accident, which in turn are estimated using
computer models that are based on the original composition of the fuel
and reactor core materials and on the operatlng hlstory of the TMI-2
reactor.

The estimated inventory of radionuclides at the time of the acci-

b

dent has been calculated (GPU 1987a; Cunnane and Nicolosi 1982) usihgﬂ"’

the ORIGEN-2 computer code. Table 2.3 provides the inventory of the
longer-lived radionuclides estimated to be present.at the time of the
reactor shutdown on March 28, 1979. Table 2.3 also provides the esti-.
mated inventory, decay- corrected to January 1, 1990, that would have
been present in the facility if no defueling or cleanup had. taken
place. The expected inventory of the decay products is also _
included.® Any isotope that would have been present in a quantity of
less than 1 curie on January 1, 1990 (in the absence of defueling or
cleanup) was not included.

The amount of radioactive material in TMI-2 at the completion of
defueling will be considerably less than that shown in Table 2.3
because of defueling and cleanup. The majority of the radioactive
material that was contained in the reactor vessel is being removed as
the reactor vessel is defueled. The gaseous fission products that
were released from the fuel to the containment atmosphere during the
accident were later purged to the environment. Also, some of the
water-soluble fission products that escaped from the reactor coolant .
. system during and after the accident have been removed from the
accident-generated water and shipped from the site in resin-'liners.

(a) Those radionuclides with decay products which have reached equi-
librium or are approaching equilibrium, are listed on the same
line in Table 2.3. Radionuclides with extremely short-lived
decay products, which have reached equilibrium (such as .
strontium-90/yttrium-90 or cesium-137/barium-137m), are referred
to in the text by using the designation for the parent isotope.
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TABLE 2.3. Inventory of Isotopes in the TMI-2 Fac111ty Following the Accident, Decay- Corrected
l to January 1, 1990 (Assuming No Cleanup)

Calculated Activity. Ci

| Radionuclide Half-1life® March 28, 1979 January 1, 1990®
Tritium 12.3 8,800 | 4,800

Carbon-14 5,726 16 16
Manganese-54 312 26,000 4.3

Iron-55 2.68 103,000 6,500

Cobalt-60 5.27 98,000 24,000

. Nickel-63 100 6,000 5,600
S Selenium-79 65,000 3.3 3.3
Krypton-85 10.7 94,000 47,000
Strontium-90/Yttrium-90 28.8 y/2.7 750,000/760, 000 '580,000/580,000

Zirconium-93/Niobium-93m
Technetium-99

Ruthenium-106 /Rhodium-106
Cadmium-113m
Antimony-125/Te11erium;125m

Tin-126/Antimony-126m

1,500,000 y/13.6 -

214,000
368 d/30
14

2.77 y/58

. 100,000 y/19

16/0.15

110

- 53,000,000/5,400,000

3.2
150,000/2,100

2.3/96

16/6.8

110
32,000/32,000
1.9
10,000/2,500

2.3/2.3
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TABLE 2.3. (contd)

Calculated Activity. Ci

Radionuclide Half-1ife® March 28, 1979 January 1, 1990“
Cesi;m-l34 2.06 260,000 7,000
Césium-l35 2,300,000 | 2.2 2.2
Cesium-137/Barium-137m 30.2\y/2.5 820,000/760,000 640,000/610, 000

Cerium-144/Praseodymium-144m/
Praseodymium-144

Promethium-147
Samarium-151
Europium-152
Eurqpium-lS&
Eurqpium-lSS
Uranium-234
Uranium-235/Thorium-231
Uranium-236

Uranium-238/Thorium-234/
Protactinium-234m

284.5 d/7.2 m/17.3

2.62
90
13.6

‘8.8

4.9

245,000
704,000,000 v/25.5

23,400,000

4.47 % 10° y/24 d/1.17

24.,000,000/-/
/24,000,000

12,500,000
18,000

44

7,600
47,000
120

4/

3.6

27/27/27

1,600/24/1,600

150,000
17,000
25
3,300
10,000
120

4/4

3.6

27/27/27
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TABLE 2.3. (contd) -

Calculated Activity. Ci

Radionuclide Half-1ife(® March 28, 1979 January 1. 1990
Plutonium-238 87.7 y 760 700
Plutonium-239 24,100 y 9000 9000
Plutonium-240 6,570 y 2,400 2,400
Plutonium-241/Americium-241/ 14.4 y/432 y/6.75 d i 160,000/19/ 95,000/2,200

Uranium-237 13,500,000 2.3

(a) s = seconds; m = minutes; d = days; y = years.

(b) The values represent decay-corrected activities on January 1, 1990, assuming no defueling

or cleanup effort had taken place.




Models of the transport and deposition of radionuclides released
during the accident are being verified for many isotopes (for
instance, cesium, strontium, antimony, ruthenium, and cerium) as a
result of measurements. However, the mechanisms for and the degree of
transport and deposition of all the isotopes present at the time of
the accident are still unknown. Therefore, conservative assumptions
were made in this report to estimate the maximum quantity and dis-
tribution of radioactive material expected to remain in the facility
at the end of defueling. The results of this analysis are presented

"in Table 2.4. This table provides the estimated maximum quantity of
‘each radionucliide assumed to be present after defueling (with the
exception of the fraction of activated products assumed to be
incorporated into metal material which would not be available for
suspension). Table 2.4 also includes a brief description of the most
probable location of each radionuclide that remains after defueling.
The radionuclides remaining after defueling can be grouped into three
major categories: activation products, fission products, and acti-
nides. The assumptions that were used to generate Table 2.4 are
described below for the radionuclides in each of the three categories.

2.2.1 Activation Products

Activation products such as carbon-14, manganese-54, iron-55,
cobalt-60, and nickel-63 were formed in the reactor core region but
outside the fuel by activation of stainless steel and other metal
components. In operating reactors, small amounts of these activation
products form in a corrosion film on the reactor piping. Additional
amounts of these activation products are associated with the metal
portions of the core and the reactor internals. It is assumed that,
with the possible exception of carbon-14, most of the activation
products in the TMI-2 facility are present as solid material removed
with the fuel or incorporated into the stainless steel of the reactor
vessel, plenum assembly, and remaining internals. However, a small
amount would be in the form of particles, which would have been circu-
lated through the reactor coolant system and caught in crevices or
traps, or in the form of a corrosion film in the reactor coolant
system piping and on the inside of the reactor vessel. For this
analysis it is conservatively estimated that, with the exception of
carbon-14, 1 percent® of the activity for each activation product will
remain in the reactor building at the end of defueling with particles

(a) This estimate is based on (1) cobalt-60 data from a study (Abel
et al. 1986) of residual contamination within commercial nuclear
power plants measured on piping and hardware, corrosion film
scrapings, and concrete cores (the study considered only residual
radionuclides transported from the reactor vessel and deposited
through associated operating systems), and (2) a letter from
M. B. Roche to the NRC, March 27, 1989. Subject: Additional
Information on the Post-Defueling Monitored Storage Programmatic
Environmental Impact Statement.
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TABLE 2.4. Maximum Anticipated Inventory and General Location

of Radionuclides at the End of Defueling?®

Activity on Site
at the End of

Radionuclide Defueling, Ci Location
ACTIVATION PRODUCTS
Carbon-14 1.0 Dispersed
0.16 Fuel debris
Manganese-54 0.043 Activated metals in fuel
debris or corrosion film on
piping
Iron-55 65 Activated metals in fuel
debris or corrosion film on
piping
Cobalt-60 240 Activated metals in fuel
debris or corrosion film on
piping
Nickel-63 ' 56 Activated metals in fuel
debris or corrosion film on
piping
FISSION PRODUCTS
Gaseous fission. products
Krypton-85 190 Fuel debris (
.
Tritium
Tritium 1.9 Moisture in piping and
concrete
Somewhat soluble fission products
Selenium-79 0.22 Dispersed
0.033 Fuel debris
Strontium-90/ 2,400 Dispersed
Yttrium-90 5,700 Fuel debris
Niobium-93m 0.46 Dispersed
0.068 Fuel debris
Technetium-99 7.4 Dispersed
1.1° Fuel debris
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TABLE 2.4. (contd)

Activity on Site
at the End of

Radionuclide Defueling, Ci - ""'_LdéétiQh'.

Ruthenium-106/ 160 * Dispersed
Rhodium-106 320 Fuel debris

" Cadmium-113m 0.13- " - Dispersed
' - 0.019°  ‘Fuel debris

Antimony-125 : 70 - Dispersed
. 99 Fuel debris

Tellurium-125m . - 170 Dispersed
te 25 " Fuel debris

Tin-126/ . 0.15 Dispersed
Antimony-126m . -0.023 'Fuel debris
Cesium-134 ' - 470 . “Dispersed
: .37~ - ‘Fuel debris

Cesium-135 : 0.15 ° - Dispersed
0.012 - Fuel ‘debris

Cesium-137/ 43,000 " Dispersed
Barium-137m 3,400 " Fuel debris’
Samarium-151 Co 1,100 - Dispersed

170 ~ Fuel debris_

Relatively insoluble fission products

Zirconium-93 - 0.16 " Fuel debris
Cerium-144/ 160 - - vFuel debris
Praseodymium-144 ' ' ' ' ‘
Péaseodymium-l&&m OL24 Fuel débris
Promethium-147 . 1,500- fgelidébris_
Europium-152 0.25 Fuel debris
Europium-154  -33 Fuel debris
Europium-lSS' iOO bFuel debris
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TABLE 2.4. (contd)

Activity on Site
at the End of

Radionuclide Defueling, Ci Location
ACTINIDES

Uranium-234 1.2 Fuel debris .

Uranium-235/ 0.04 Fuel debris

Thorium-231

Uranium-236 0.036 Fuel debris

Uranium-237 0.023 Fuel debris

Uranium;238/ | . 0.27 Fuel debris

Thorium-234/
Protactinium-234m

Plutonium-238 7.0 Fuel debris
Plutonium-239 90 Fuel debris
.Plutonium-240 24 o Fuel debris
Plutonium-241 950 Fuel debris
Americium-241 22 Fuel debris

(a) The end of defueling (removal of more than 99 percent of the
fuel) was assumed to occur January 1, 1990, for the purpose
of estimating radioactive decay.

located in the reactor coolant system or as a corrosion film in the
piping or vessel internals. The other 99 percent is assumed to have
been removed during the defueling process or to be incorporated in the
stainless steel composing the reactor coolant system, reactor vessel,
plenum assembly, and internals; it is, therefore, inaccessible.
Carbon-14, however, is soluble in some chemical forms; thus, for the
purpose of this report, carbon-14 is considered along with the
somewhat soluble fission products in Section 2.2.2.3.

2.2.2 Fission Products

Fission products were formed within the fuel elements by the
nuclear fission of uranium-235 as the reactor operated. The transport
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and deposition of the fission products were dependent on the chemical
and‘physical state of the radionuclide (e.g., whether soluble or
insoluble material or gas). Fission products were considered in
groups based on their chemical andlphysicai properties. Where defini-
tive information on the chemical state of a fission product was lack-
ing, assumptions were made regarding the transport and deposition of
“the fission product. These assumptions were based on the information
available from fuel measurements and contamination measurements
throughout the reactor building, as well as on the physical state

of the radionuclide. In this section, fission products are discussed
in the following order: (1) gaseous fission products (krypton-85),
(2) tritium, (3) somewhat soluble fission products (selenium-79,
strontium-90, niobium-93m, technetium-99,® ruthenium-106,
cadmium-113m, antimony-125, tellurium-125m, tin-126, cesium-134,
cesium-135, cesium-137, and samarium-151), and (4) relatively insolu-
ble fission products (zirconium-93, cerium-144, praseodymium-144m,
promethium-147, europium-152, europium-154, and europium-155).

\

2.2.2.1 Gaseous Fission Products

The noble gas krypton-85 is formed by the fission process. In an
undamaged reactor, krypton-85 remains in the fuel rods.. During the
accident 60 percent of the krypton-85 was released. It is expected
that the remainder of the krypton-85 would have remained in associa-
tion with the intact residual fuel rods.  Effluent measurements indi-
cate that small amounts of krypton-85 are being released as fuel
removal operations are proceeding. Because less than 1 percent of the
fuel will remain following defueling, it is conservatively estimated
that 1 percent of the 40 percent of the krypton that was not released
immediately following the accident will remain following completion of
defueling. b ' ’ '

2.2.2.2 Tritium

More than 90 percent of the tritium in a pressurized water
reactor is produced within the reactor fuel by ternary fission of
uranium. As a result of the accident, some of the tritium in the fuel
was released to the containment atmosphere and subsequently vented to
the environment as either tritium gas or water vapor. The remaining
tritium became incorporated in the accident-generated water (as dis-
cussed in Supplement 2 to the PEIS) or was retained in the intact fuel
rods. Disposal of the accident-generated water from the facility and
completion of the current defueling effort will result in the removal
of essentially all the remaining tritium. The environmental impacts
of the disposal of the accident-generated water were evaluated in
Supplement 2 and are not considered further in this document. The

(a) Some technetium-99 and antimony-125 may be present as activation
products in metal components containing molybdenum or tin,
respectively.
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amount of tritium expected to be present in any remaining moisture
inside the reactor building, AFHB, and tanks will be small. Conserva-
-tive assumptions were made regarding the amount of tritium in the
water that could be absorbed into the concrete walls and floors, and.
an estimate was made that 1.9 curies of tritium would be present in
the reactor building following removal of the accident-generated
water.® Additional small amounts could remain inside the reactor
coolant system piping after the piping is drained.

2.2.2.3 Somewhat Soluble Fission Products

Fission products that are assumed to be at least partially
soluble in water include selenium-79, strontium-90, niobium-93m,
technetium-99, ruthenium-106, cadmium-113m, antimony-125,
tellurium-125m, tin-126, cesium-134, cesium-135, cesium-137, and
samarium-151. 1In addition, the activation product carbon-14, which is
soluble in some chemical forms, is included in this discussion. The
degree of solubility varies among the isotopes listed and depends on
the chemical form of the isotope. Because these isotopes are known to
exist as water soluble compounds in some circumstances, they were
assumed to have been distributed in various degrees throughout the
reactor building and the AFHB during the accident. Measurements have
been made to estimate the amount of cesium-137 and strontium-90 pres-
ent in various portions of the reactor building and the AFHB. Assump-
tions, listed below, were made regarding the distribution of the other
somewhat soluble fission products.

Strontium-90 and cesium-137 concentrations have been determined
by measurements, and samples have been taken throughout the two build-
ings. The measurements indicate that the major portion of the
strontium-90 and cesium-137 in the reactor building (with the excep-
tion of the amount contained in the fuel) is located in the D-rings
and in the concrete block wall surrounding the enclosed stairwell and
elevator shaft in the reactor building basement. Table 2.5 lists the
quantity of cesium-137 and strontium-90 estimated to be present in the
D-rings and the basement of the reactor building. ' The sources of
information for these estimates are indicated in the footnotes of the
table. The data in the table reflect the efforts that have been made
to leach radioactivity from the concrete block wall (see Sec-
tion 2.1.1).

¢ The licensee has conservatively estimated that the upper eleva-
tions of the reactor building (the 305-foot level and above, excluding
the area below the 349-foot level of the D-rings) contain 5.6..curies
of mixed isotopes loosely distributed. This quantity is negligible
compared with the amount assumed to be present in the reactor

(a) Letter from M. B. Roche to the NRC, March 27, 1989. Subject:
Additional Information on the Post-Defueling Monitored Storage
Programmatic Environmental Impact Statement.
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TABLE 2.5. Estimated Quantity of Cesium-137 and Strontium-90

Cesium-137, Strontium-90,
Location Ci Ci
Concrete block wall 19,000(2) . 910(P)
Sludge on basement floor 350(¢) 400()
D-rings 17,000() 83009
Floors/walls/overhead 7.000(€) 1300(¢)
structures

Total 43,350 : 2,440

(a) An estimated 20,000 curies of cesiuqo137 is present in
the concrete block wall (GPU 1988). However, since this
estimate was made, approximately 7 percent of the activ-
ity in the concrete block wall has been leached from the

) structure, leaving an estimated 19,000 curies.

(b) 21:1 ratio (based on leach rate tests [ANS 1988]) was
applied to the cesium-137 curie estimate before leaching
(20,000 curies) and a conservative 43 curies of stron-
tium-90 (GPU. September 26, 1988. "Evaluation of Block
Wall Leaching, 13 June - 17 August 1988." TB-88-11, Rev. O,
TMI-2 Technical Bulletin.) was assumed to have been removed
during leaching of the concrete block wall. '

(c) GPU 1988.

building. Although additional activity would be present.on the lead-
screws, the plenum, etc., such activity is largely incorporated into
the metal parts in the form of activated metals and is not easily
removed. At the completion of the current defueling effort, the
amount of removable surface contamination in the AFHB (based on cur-
rent measurement data) will be less than 1 curie of mixed isotopes.
The amount of contamination remaining in the AFHB will thus be neg-
ligible in comparison to the amount present in the reactor building.

A ratio of 1:91 is used to estimate the amount of cesium-134 com- -
pared with cesium-137. This ratio assumes that the two isotopes are
distributed similarly and is based on the ratio of cesium-134 to
cesium-137 shown in Table 2.3 for January 1, 1989.  Likewise, a ratio
of 1:290,000 was used to estimate the amount of cesium-135 compared
with cesium-137. Using the estimate of 43,350 curies of cesium-137 in
the reactor building, the amounts of cesium-134 and cesium-135 esti-
mated to be present in the reactor building are 470 curies of
cesium-134 and 0.15 curie of cesium-135. It is assumed that their
distribution is the same as that shown for cesium-137 in Table 2.5:

44 percent in the concrete block wall; 39 percent in the D-rings;

16 percent in the floor, concrete slab walls, and overhead structures
in the basement; and 1 percent in the sludge on the floor of the
basement.
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Of the remaining isotopes assumed to be somewhat soluble, not all
have been detected. " However, analyses of water, sediment, and con-
crete in the reactor building basement indicate that 0.7 percent of
the original core inventory of antimony-125 and 0.5 percent of the
original core inventory of ruthenium-106 have been dispersed in the
basement. It is possible that some of the other isotopes were dis-
solved in the water and were distributed within the building, only in
smaller quantities than the cesium and strontium isotopes. Based on
the estimated 6.7 percent of the cesium-137 distributed in the reactor
building (43,350 curies of the 640,000 curies that would have been
present on January 1, 1989, had no cleanup occurred), it is conserva-
tively assumed that 6.7 percent of the carbon, selenium, niobium,
technetium, cadmium, tellurium, tin, and samarium isotopes is distrib-
uted throughout the reactor building and AFHB. This estimate is con-
sidered conservative because the chemical forms of these isotopes are
generally less soluble than cesium. It is further assumed that the
distribution of these isotopes (including ruthenium and antimony) is
similar to that of cesium-137, with 44 percent of the activity that is
distributed in the reactor building located in the enclosed stairwell/
elevator structure; 39 percent in the D-rings; 16 percent in the
floor, concrete slab walls, and overhead structures; and the remaining
1 percent in the sludge on the.hasement floor.

In addition to being distributed within the building by being
carried by the water, a fraction of the somewhat soluble isotopes is
assumed to have remained in association with the fuel. Although the
majority of the fuel will be removed during defueling, a fraction of
the debris that was distributed throughout the reactor coolant system
and in the reactor building basement will remain. The licensee has
indicated that more than 99 percent of the fuel will have been removed
from the facility by the end of defueling. According to Table 2.2,
current estimates indicate that 1320 pounds (600 kilograms) of fuel
debris will remain in the facility after defueling. The mass of
uranium oxide originally in the reactor vessel is estimated to be
207,000 pounds (94,000 kilograms). Therefore, current estimates
indicate approximately 0.6 percent of the fuel will remain. However,
for the purposes of this analysis, a residual fuel inventory of 1 per-
cent of the original mass of uranium oxide was assumed, which would
"correspond to 2070 pounds (940 kilograms). The fuel distribution is
assumed to be similar (on a percent basis) to that shown in Table 2.2.

Isotopes that were somewhat soluble were probably leached to some
extent from the fuel debris; the fraction leached would have varied
with the solubility of the isotope. Based on measurements of fuel
from the reactor vessel, it is assumed that 53 percent of the cesium
originally present in 2070 pounds (940 kilograms) of residual fuel
would have remained with the fuel debris, as well as 99.5 percent of
the ruthenium, 99.3 percent of the antimony, and 98 percent of the
strontium. To be conservative, it is assumed that close to 100 per-
cent of the remaining somewhat soluble fission products (carbon,
selenium, niobium, technetium, cadmium, tellurium, tin, and samarium)
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that would have originally been present in 2070 pounds (940 kilograms)
of fuel would have remained with the fuel debris.

2.2.2.4 Relatively Insoluble Fission Products
l

The remaining fission products (zirconium-93, cerium-144,
praseodymium-144m, promethium-147, europium-152, europium-154, and
europium-155), which are considered highly insoluble, are assumed to
remain totally in association with the fuel. Analyses of removed fuel
tend to confirm this assumption. These isotopes would be removed
almost completely by defueling, except for the small amounts distribu-
ted with the fuel particles through the reactor coolant system. The
estimated number of curies for these isotopes is based on the percent-
age of the fuel (less than 1 percent) expected to remain in the facil-
ity after defueling.

2.2.3 Actinides

The actinides include uranium isotopes (uranium-234, uranium=235,
uranium-236, uranium-237, and uranium-238), uranium decay products
(thorium-231, thorium-234, protactinium-234m), and transuranics formed
by neutron capture (plutonium-238, plutonium-239, plutonium-240,
plutonium-241, and americium-241). These isotopes, like the insoluble
fission products, are expected to remain in close association with the
fuel. Radiochemical analysis of removed fuel tends to confirm the
close association of these isotopes with the fuel. Small quantities
of these isotopes were distributed with the fuel particles throughout
the reactor coolant system. The estimated activity of each ‘radionu-
clide remaining in the facility is based on the percentage of fuel
(less than 1 percent) assumed to remain in the facility after
defueling. ‘

2.3 REGULATORY AND ADMINISTRATIVE CONSIDERATIONS
Cleanup of TMI-2, including any storage and disposal of waste,
must be carried out in accordance with applicable Federal and State

laws, regulations, and permits as discussed in the following sections.

2.3.1 U.S. Environmental Protection Agency Regulations

The U.S. Environmental Protection Agency (EPA) has the responsi-
bility and authority to set standards for the release of radionuclides
to the environment to protect the public from radioactivity. The EPA
also has the authority to regulate the handling, storage, and disposal
of hazardous nonradioactive materials. These authorities arise from
various Federal laws and executive orders, including the Atomic Energy
Act, the Clean Water Act, the Safe Drinking Water Act, the Resource
Conservation and Recovery Act (RCRA), and the Clean Air Act.
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Any release of radioactivity to the atmosphere or to any body of
water must meet EPA's environmental standards for the uranium fuel
cycle in 40 CFR 190, which require that "the annual dose equivalent
does not exceed 25 mrem to the whole body, 75 mrem to the thyroid, and
25 mrem to any other organ of the body as the result of exposures to
planned discharges of radioactive materials, radon and its daughters
excepted, to the general environment from uranium fuel cycle opera-
tions and to radiation from these operations" (CFR 1988b).

Any release of radioactivity to water of the United States,
including the Susquehanna River, must meet EPA's National Interim Pri-
mary Drinking Water Standards in 40 CFR 141 that limit beta particle
and photon radioactivity from manmade radionuclides in community water
systems to that level which ". . . shall not produce an annual dose
equivalent to the total body or any internal organ greater than 4 mil-
lirem/year" (CFR 1988b). This standard applies to concentrations at
community water intakes downstream of the discharge point.

Wastes from cleanup of the reactor are not expected to meet the
definition of hazardous waste requiring regulation under RCRA. Haz-
ardous wastes are regulated by the EPA under 40 CFR 260-271 '
(CFR 1988b).

2.3.2 U.S. Nuclear Regulatory Commission Regulations

The NRC regulations in 10 CFR 20, "Standards for Protection
Against Radiation,” (CFR 1988a) apply to cleanup activities associated
with the TMI-2 accident. These regulations specify allowable dis-
charge concentrations of radioactivity in effluents to air and water
in unrestricted areas. Maximum permissible concentrations (MPCs) for
isotopes present in the TMI-2 facility are presented in Appendix C of
this supplement to the PEIS.

The NRC regulations in 10 CFR 50, Appendix I (CFR 1988a) provide
numerical guides for design objectives and limiting conditions for
operation of light-water nuclear power reactors such that radioactive
material in effluents released from these facilities to unrestricted
areas be kept as low as is reasonably achievable. Conforming to the
guidelines of this section of the NRC regulations is deemed a conclu-
sive showing of compliance with the "as low as is reasonably achiev-
able" requirements.

The NRC regulations in 10.CFR 71, "Packaging and Transportation
of Radioactive Material,” (CFR 1988a) apply to the packaging and
shipment of radioactive wastes. Packaging and related requirements
depend on radionuclide content. U.S. Department of Transportation
(DOT) regulations in 49 CFR 171-179 (CFR 1988c) also apply to the
packaging, marking and labeling, placarding, monitoring) accident
reporting, and documenting of radioactive shipments.
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Also, NRC regulations in 10 CFR 61, "Licensing Requirements for
Land Disposal of Radioactive Waste," (CFR 1988a) apply to the disposal
of cleanup wastes in a licensed LLW disposal site. Although these
regulations pertain to the licensing, operation, and closing of a low-
level commercial waste burial ground, they also contain specifications
for the packaging, content, and characteristics of acceptable LLW.
Low-level radioactive wastes are classified as Classes A, B, C, or
unacceptable for near-surface disposal, depending on radioactive
material content and concentration (see Appendix F) and on charac-
teristics other than radioactivity. V

The NRC regulates the storage of LLW at licensee sites. Because
of waste volume limitations of the Low Level Waste Policy Act and its '
amendments (see Section 2.3.5 for a discussion of these acts), many
sites have made provisions for storing LLW for periods beyond those
normally required by operational considerations. The NRC has permit-
ted this within carefully controlled limits, but has clarified its
policy in Generic Letter 85-14,® which states: "It is the policy of
the NRC that licensees should continue to ship waste for dlsposal at
existing sites to the maximum extent practicable.'

2.3.3 U.S. Nuclear Regulatory Commission Licensing Activities Affect-
ing TMI-2

In May 1988, the Commission issued a license amendment that
extensively revised the TMI-2 technical specifications, aligning
licensing requirements with appropriate current, as well as future,

. plant conditions through the remainder of the current cleanup activ-
ities. The amendment allowed for the transition from the current
defueling phase through the completion of defueling and offsite fuel
shipment by adopting technical specifications that are applicable
during specific phases or modes of the cleanup. Three distinct facil-
ity modes have been defined that correspond to the projected plant
conditions as the facility cleanup progresses. By definition, Mode 1
represents the current period, during which defueling and other major
tasks are in progress. The transition to Mode 2 will occur when as
much fuel as is practicable has been removed from the reactor vessel
and reactor coolant system components, the possibility of criticality
in the reactor building is precluded, and no defueling canisters con-
taining core material remain in the reactor building. The transition
to Mode 3 will occur following the shipment of all canisters contain-
ing core material to an offsite location. Sixty days before an antic-
ipated mode change, the licensee will submit a report providing the
basis for the mode change to the NRC staff for review.

(a) A letter to all reactor licensees from the NRC, August 1, 1985.
Subject: Commercial Storage at Power Reactor Sites of Low-Level
Radioactive Waste Not Generated by the Utility.
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In 1987, the licensee submitted a request for a license amendment
that allows a post-defueling monitored storage (PDMS) period beginning
when offsite waste shipments have been completed (Mode 3) and contin-
uing for an unspecified period of time, quite likely until TMI-1 is
ready for decommissioning. The licensee then likely will decommission
both TMI-2 and TMI-1 simultaneously follow1ng the end of TMI-1 opera-
tion. NRC staff approval of PDMS would require publication of Final
Supplement 3 to the PEIS, a safety evaluation report that reviews the
licensee's August 1988 PDMS safety analysis report (GPU 1988), and
issuance of a license amendment that permits PDMS. The licensee's
safety analysis report provides a system-by-system review of the
facility during the proposed storage period. The safety analysis
report is currently being reviewed by the NRC and its contractors, and
a safety evaluation report is being prepared to determine if PDMS will
fall within the envelope of the impacts presented in the PEIS as
supplemented. The NRC staff's safety evaluation in conjunction with
Supplement 3 to the PEIS would form the basis for the license
amendments authorizing PDMS.

2.3.4 U.S. Nuclear Regulatory Commission Decommissioning Regulations

Although it is not within the scope of this supplement to evalu-
ate decommissioning of the TMI-2 facility, ultimately the facility
will need to be decommissioned. On June 27, 1988, the Commission
issued a final rule on decommissioning, which became effective on

“July 27, 1988 (53 FR 24018). The amended regulations set forth tech-
riical and financial criteria for decommissioning licensed nuclear
facilities. The amended regulations address decommissioning, planning
needs, timing, funding methods, and environmental review requirements.

The Commission's final rule on decommissioning specifically
‘addresses three decommissioning alternatives: DECON, SAFSTOR, and
ENTOMB (53 FR 24018).

DECON is the decommissioning alternative in which equipment,
structures, and portions of a facility and site containing radioactive
contamlnants are removed or decontaminated to a level that permits the
property to be released for unrestricted use shortly after cessation
of operations.

SAFSTOR is the decommissioning alternative in which the nuclear
facility is placed and maintained in such condition that it can be
safely stored, monitored, and subsequently decontaminated (deferred
decommissioning) to levels that permit release for unrestricted use.
Benefits include a reduction in occupational exposure and possibly in
waste volume. The licensee's proposal of a PDMS period is analogous
in many ways to the safe storage period of the SAFSTOR decommissioning
alternative.
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ENTOMB is the decommissioning alternative in which radioactive
contaminants are encased in a structurally long-lived material, such
as concrete. The entombed structure is appropriately maintalned and
continued surveillance is carried out until the radioactivity decays
to a level permitting release for unrestricted use of the property.
TMI-2 is not likely to be a candidate for ENTOMB because it is likely
that there would still be sufficient radioactive material (particu-
larly long-lived radioisotopes including transuranics) that even after
a period of 100 years unrestricted access would .not be permitted.

The final decommissioning rule also indicates that continuing’
authority to possess a reactor in a decommissioned status is governed
by the provisions of 10 CFR 50 "Domestic Llcen51ng of Production and
Utilization Facilities" (CFR 1988a) governing operating licenses, as
appropriate. Requirements for limits on both occupational and offsite
exposure are contained in 10 CFR 20 "Standards for Protection Agalnst
Radiation" (CFR 1998a).

The new decommissioning rule requires that the license holders:
of commercial nuclear power reactors submit a plan on.or before
July 26, 1990, to ensure that funds will be available to decdmmissidn
the facility. This decommissioning funding plan is to specifically-
address the financial aspects of decommissioning Financial assurance
is to be provided by prepayment, an external sinking fund (into which
deposits are made at least annually), or surety, insurance, or other
guarantee method. Prepayment may be in the form of deposits of cash
or liquid assets sufficient to pay decommissioning costs, in an
account segregated from the licensee's assets and outside the licen-
see's administrative control. It may also_be in the form of a trust,
escrow account, government fund, certificate of deposit, or deposit of
government securities. An external sinking fund is a fund established
and maintained by setting funds aside periodically in an account seg-
regated from licensee assets and outside the licensee's administrative
control, in which the total amount of funds would be sufficient to pay
decommissioning costs. An external sinking fund may also be in the
form of a trust, escrow account, government fund, certificate of
deposit, or deposit of government securities. The surety or insurance
method would guarantee that decommissioning costs will be paid should
the licensee default. A surety method may be in the form of a surety
bond, letter of credit, or line of credit. Any surety or insurance
method used to provide financial assurance for decommissioning must
meet specific conditions; for example, it must be payable to a trust
established for'décommissioning costs, and it must remain in effect
until the license has been terminated.

On August 5, 1988, the licensee in a letter to the NRC® stated
their plans to include in their decommissioning funding plan the fund-
ing for all activities involved in decommissioning TMI-2, starting

(a) See Comment Letter 28 in Appendix A.
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from the PDMS condition. The NRC staff views this as a commitment by
the licensee to provide a plan that outlines the activities involved
in decommissioning the plant starting from the PDMS condition, as well
as a funding plan that accounts for the funding of these activities
during the decommissioning process. The NRC staff expects the
licensee's funding estimate to be significantly .in excess of the
minimum amount required by the decommissioning rule.

The new decommissioning rule indicates that a preliminary decom-
missioning plan containing a cost estimate for decommissioning and an
up-to-date assessment of the major technical factors that could affect
planning for decommissioning must be submitted at or about 5 years
before the projected end of operation. The licensee has formally
indicated that the facility will be placed in storage until Unit 1

" ceases operation at which time the facility will be decommissioned.

Unless an earlier decision to decommission is made. or the Unit 2
license is extended, a preliminary decommissioning plan would be
required 5 years before the Unit 2 license expiration date and a
decommissioning plan 4 years later. In addition, the decommissioning
rule requires that an application to decommission a facility must be

-submitted within 2 years following the decision by the licensee to

permanently cease operations. The application for the termination of
the license must be accompanied or preceded by a proposed decom-
missioning plan. The rule requires that the proposed decommissioning

‘plan include (1) the choice of the alternative for.decommissioning

with a description of the activities involved; (2) a description of
controls and limits on procedures and equipment to protect
occupational and public health and safety; (3) a description of the
planned final radiation survey; (4) an updated cost estimate, a
comparison of that estimate with the then-current funds set aside for
decommissioning, and a plan for assuring the availability of adequate
funds for completion of decdmmissioning; and (5) a description of
technical specifications, quality assurance provisions, and physical
security plan provisions in place during decommissioning.

With its application for a license amendment to authorize ‘decom-
missioning, the licensee would also be required to submit a document
entitled "Supplement to Applicant's Environmental Report - Post
Operating License Stage." This document would update the "Applicant's
Environmental Report - Operating License Stage" to reflect any new
information or significant environmental change associated with the
proposed decommissioning activities.

2.3.5 Low-Level Radioactive Waste Policy Amendments Act of 1985

The Low-Level Radioactive Waste Policy Amendments Act of 1985,
H.R. 1083-Public Law 99-240, effectively limits the quantity of low-
level radioactive waste that the licensee can dispose of without
petitioning the U.S. Secretary of Energy for additional waste dis-
posal capacity. The licensee already has received one such emergency
allocation for waste that will result from the proposed disposal of
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the accidentkgenerated water. Immediate cleanup without PDMS could
require additional emergency allocations.

Another provision of the act requires that States, either alone
or in regional compacts, develop regional low-level radioactive waste
disposal facilities by December 31, 1992. Accordingly, the Common-
wealth of Pennsylvania has entered into a regional compact, which has
been ratified by Congress. No site for the LLW disposal facility has
been selected although it has been indicated that the facility will be
located in Pennsylvania. It is assumed for the purpose of this docu-
ment that waste generated before 2001 would be shipped to an existing
disposal facility. For the purpose of bounding the impact of LLW dis-
posal, a facility near Richland, Washington, was assumed. For waste
generated after 2001, a generic site 250 miles (400 kilometers) from
TMI was assumed. This distance approximately corresponds to the dis-
tance between TMI-2 and the most extreme border of Pennsylvania. The
lack of a specific site for the disposal facility does not hamper this
environmental analysis because only the environmental impact of trans-
portation to the site is addressed here. The impact of disposal at
the site would be the subject of a separate analysis connected with
licensing the site.

2.3.6 Permits

The licensee holds a National Pollutant Discharge Elimination
System (NPDES) permit, issued by Commonwealth of Pennsylvania, Depart-
ment of Environmental Resources (PaDER), on September 16, 1986. It
covers discharge of nonradioactive pollutants into the Susquehanna
River. Any deliberate discharge of water into the Susquehanna River
must comply with K the provisions of the permit. The NPDES permit
limits pH, free chlorine, and heat, and requires monitoring of several
other parameters at the primary outfall. Suspended solids, oil, and
grease are also limited at other outfalls.
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3.0 LICENSEE'S PROPOSAL_FOR DELAYED DECOMMISSIONING AND NRC STAFF-
IDENTIFIED ALTERNATIVES

This section evaluates the licensee's proposal and Nuclear
Regulatory Commission (NRC) staff-identified alternatives. The
licensee has proposed to place the TMI-2 facility in post-defueling
monitored storage (PDMS) for a period of time following current
efforts to remove the damaged fuel. The duration of the storage
period has not been specified by the licensee; however, the licensee
has indicated that the likely disposition of the facility following
the storage period would be decommissioning at the time Unit 1 is
decommissioned. The NRC staff has evaluated (as a likely option) a
storage period lasting until TMI-1 is ready for decommissioning
(estimated by the NRC staff to be 23 years, corresponding to the
likely expiration date of the Unit-1 operating license). At the end
of the 23-year period, a short period of time (estimated by the NRC
staff to be less than 1 year) would be necessary for any decommission-
ing preparations. This proposal of a storage period followed by
decommissioning preparations is referred to as "delayed decommis-
sioning"” in this document. In addition to the proposed 23-year
storage period, the impacts of varying storage periods (from less than
17 years to 33 years) are evaluated as part of the delayed decommis-
sioning proposal. This report evaluates only the period of time up to.
the initiation of decommissioning. The impacts of decommissioning
would be the subject of a separate analysis.

There are seven alternatives to the licensee's pfoposalL as iden-
tified by the NRC staff. Table 3.1 contains a comparison of the major
features of the licensee's proposal for delayed decommissioning and
the alternatives identified by the NRC staff.

The first alternative, "delayed cleanup," incorporates a storage
period of 23 years. However, this alternative differs from delayed
decommissioning in that at the end of the 23-year storage period, the
cleanup would be completed to,the point that conditions in the TMI-2
facility would be similar to those in an undamaged reactor facility
nearing the end of its operating life. The facility would then be
decommissioned or refurbished f0110w1ng the completion of the cleanup,
however, the impacts of decomm1551on1ng or refurbishment are not eval-
uated in this supplement. The impacts of varying storage periods
(from less than 17 years to 33 years) were -evaluated as part of the
delayed cleanup alternative.

The second alternative, "immediate cleanup,” is the continuation
and completion of the cleanup at the 1983 to 1987 level of effort
after a 2-year period for engineering and planning studies. Following
immediate cleanup, the facility would be either decommissioned or
refurbished; the impacts of decommissioning or refurbishment are not
evaluated in this supplement.
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Licensee's Propos

Delayed
Decommissioning

Staff-Identified

Delayed
Cleanup

Immediate
Cleanup

Immediate
Cleanup/
Reduced
Effort

Immediate
Decommissioning

Incomplete
Defueling

Additional
Cleanup Before
Storage

No-Action Alterna

No Further
Cleanup

Following
Defueling

"TABLE 3.1.

Comparison of the Licensee's Proposal and the Seven NRC
Staff-Identified Alternatives

Additional Alternate Achieve PEIS Decommissioning
Removal of Cleanup Length of Lengths of Additional Definition for Preparation Post-
99 Percent Before PDMS Storage, Storage, Cleanup, Completion Period, PDMS
of Fuel Storage Preparation years years years of Cleanup years Disposition
al
Yes No Yes 23 <17 to 33 None No <1 Decommission
Alternatives
Yes No Yes 23 <17 to 33 4 Yes None Decommission
’ or refurbish
Yes No No 2 None "~ 3 to 4 Yes None Decommission
(engineering or refurbish
study)
Yes No No None None 7 to 10 Yes None Decommission
N or refurbish
Yes No No None None None No <2 Decommission
No (85%) No Yes 23 None None No <1 Decommission
Yes Yes Yes 23 None 2 to 3 Yes None Decommission
or refurbish
tive
Yes No No Indefinite None None No None Continued,
) . indefinite
S storage



The third alternative, "immediate cleanup with a reduced level of
effort" (immediate cleanup/reduced effort), is similar to the imme-
diate cleanup alternative, except that the cleanup would continue at a
reduced level of effort from the end of defueling for a total length
of 7 to 10 years. Following completion of the cleanup, the facility
would be either decommissioned or refurbished; the impacts of decom-
missioning or refurbishment are not evaluated in this supplement.

The fourth alternative, "immediate decommissioning," does not
include a storage period, but instead involves preparations for decom-
missioning the facility. The preparation period would require approx-
imately 2 years following the completion of defueling. The impacts of
decommissioning are not evaluated in this supplement but would be the
subject of a separate analysis.

The fifth alternative, incomplete defueling, is identical in
schedule to the delayed decommissioning proposal, with a 23-year per-
iod of storage and a l-year period of decommissioning preparations;
however, it is assumed that only 85 percent of the fuel would be
removed before the facility was placed into PDMS.®

The sixth alternative, "additional cleanup before storage," is
similar to delayed cleanup except that some additional decontamination
would be performed before PDMS. The remaining cleanup would be com-
pleted following the storage period. Following cleanup, the facility
would be either decommissioned or refurbished, although the impacts of
decommissioning or refurbishment are not evaluated in this supplement.
Because this alternative is actually a combination of the immediate
cleanup or immediate cleanup/reduced effort alternative and 'the
delayed cleanup alternative, it is discussed, but not quantitatively
evaluated.

The seventh alternative, "no further cleanup following defueling"
(the "no-action" alternative, which is required by the National Envi-
ronmental Policy Act [NEPA] of 1969 to be considered as part of all
environmental impact statements) was also considered, but was not
evaluated quantitatively. This alternative involves the completion of
defueling, but no further efforts to complete the decontamination of
the facility or to prepare the facility for storage or for decommis-
sioning.  The facility would be left indefinitely in the post-
defueling condition.

(a) This alternative was evaluated before the licensee had removed
greater than 85 percent of the fuel. Although the NRC staff
recognizes that the licensee has removed greater than 85 percent
of the fuel, the analysis of this alternative still serves as a
bounding case.
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Although it may be convenient to adopt common starting points and
endpoints in comparing alternatives, the alternatives considered in
this supplement do not all begin with common plant conditions, con-
tinue for an equal period of time, or énd with the same set of plant
conditions. For instance, the alternatlve of incomplete defueling
assumes only 85 percent of the fuel has been removed, whereas the
licensee's proposal and the remaining staff-identified alternatives
assume 99 percent of the fuel has been removed. Also, the eﬁdpqint
for delayed decommissioning (the 1iceﬁsée:s proposal), immediate
decommissioning, and incomplete defuellng would result in limited
additional area and equipment decontamination before the fac111ty was
decommissioned; the remaining cleanup to allow unrestricted. access to
the facility, would occur during’ decommissioning activities. By com-
parison, delayed cleanup, immediate cleanup, immediate cleanup/reduced
effort, and additional cleanup before storage would result in
(1) building and equipment decontamination to the point where general
‘area dose rates approximate those in an undamaged reactor facility
nearing the end of its operating’ life, (2) fuel removal and decon-
tamination of the reactor coolant system, (3)'treatmént of radioactive
liquid wastes, and (4) packaging of radioactive wastes and shipment of
the wastes to an offsite disposal facility. Because the no-action
alternative does not involve any type of continued action, no endp01nt
is postulated.

Although comparison of alternatives that do not have common
starting points and endpoints is difficult, the staff finds that'the
selection- of realistic alternatives is appropriate.

Four activities are expected to be performed before the start of
each of the alternatives and concurrent with the removal of. fuel:
(1) decontaminating building and equipment surfaces to levels approxi-
mating the licensee's established goals (listed in Table 3.2),
(2) packaging and disposing of radioactive wastes associated with
decontamination activities, (3) removing the accident-generated water
from the reactor building and the auxiliary and fuel-handling building:
(AFHB), and (4) quantifying the residual fuel léft in the reactor
coolant system and the reactor building following the current defuel-
ing efforts. Although it is possible. that some of these activities
may be continued through the initial years of each of the alterna-
tives, as discussed later, the environmental impacts of these
activities as well as those associated with. the disposal of the
accident-generated water have been evaluated in the PEIS and previous
supplements (NRC 1981, 1984, and 1987) and will not be reevaluated in
this document.

The licensee's proposal for delayed décommissioning and the five
quantitatively evaluated staff-idéntified alternatives (delayed
cleanup, immediate cleanup, immediate cleanup/reduced effort, imme-
diate decommissioning, and incomplete defueling) are evaluated in
Sections 3.1 through 3.6. The evaluations include descriptions of the
alternatives and the assessment of the potential environmental
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TABLE 3.2. Licensee's Radiological Goals for the TMI-2 Facility
at the End of Defueling®

General Area
Area Exposure Rate, mR/h

Reactor Building®

Refueling canal <15
Elevation 347 foot and above <30
(except D-ring and NW-seal table)

Elevation 347 foot and above

D-ring ' <70
NW-seal table <70
Elevation 305 to 347 foot <70
Basement (elevation 282 to
305 foot) : <35,000©

‘Auxiliary and Fuel-Handling Building®

Corridors . <2.5
Other areas <50

Other Buildings

Turbine building <2.5
Chemical cleaning building: <2.5
(except EPICOR II pump area to be

left operable)

Service building containment <2.5
drain tank area

(a) Sources: GPU 1987b; and letter from F. R. Standerfer, GPUN, to
the NRC, December 4, 1987. Subject: Post-Defueling Monitored -
Storage Environmental Evaluation Comment Responses. (4410-87-
L-0179/0245P) .

(b) The exposure rates given for these buildings refer to the

' general area and exclude "hot spots" (e.g., the stairwell
and elevator shaft in the reactor building basement) and
locked high-radiation areas (e.g., seal injection valve
room and makeup and purification demineralizer room).

(c) Although the licensee's goal is <35,000 mR/h, the actual
conditions in the reactor building basement following the
completion of the current scope of the cleanup activities
are expéected to range from 1 R/h to >100 R/h based on the
success (resulting from accessibility and ALARA considera-
tions) of those activities in the various areas of the
reactor building basement.




impacts, including radiation exposure to the offsite population from
routine and accidental releases, occupational radiation dose, waste
management impacts (including transportation impacts), socioeconomic
impacts, commitment of resources, and regulatory considerations.  The
alternatives of additional cleanup before storage and no further
cleanup following defueling (the no-action alternative) are discussed
in Section 3.7, although the impacts are not quantitatively evaluated.

Activities that would occur durlng decommlss1on1ng or refurbish-
ing of the facility are not discussed in this supplement. These .
activities would be the. subJect of a separate regulatory action by the
NRC, as specified in the decommissioning rule and dlscussed in
Sectlon 2. 3 4 _ . : : ' s

3.1 DEIAYED DECOMMISSIbNING.[POST-DEFUELING»MONITORED'STORAGE'
FOLLOWED BY PREPARATIONS FOR DECOMMISSIONING)

Delayed decommissioning, as proposed by the licensee, 1is
described in Section 3.1.1. The offsite dose evaluation is discussed
in Section 3.1.2, the occupational dose estimates in Section 3.1.3,
the waste management impacts including those from transportation in
Section 3.1.4, the socioeconomic impacts in Section 3.1.5, commitment
of resources in Section 3.1.6, and regulatory considerations in
Section 3.1.7. ‘ ' ' : :

3.1.1 Description of the Delayed Decommissioning Proposal

Delayed decommissioning involves preparing the facility for stor-
age, maintaining the facility in monitored storage, and preparing the-
facility for decomm1551on1ng at the end of the storage period. A per-
iod of 1 year (beginning 'in early 1990) was assumed for the prepara-
tions for PDMS. The facility would then be placed in PDMS in early
1991. The licensee has not specified the duration of the storage per-
iod. However, the licensee has indicated that the likely disposition
of the fac111ty following the storage period would be decommissioning
at the time Unit 1 is decommissioned. The present Unit-1 license
expires on May 18, 2008. NRC regulatlons 10 CFR 50.51 (CFR 1988a),
allow the llcensee to amend their license to continue operation until
2014. Therefore, if PDMS ‘begins in 1991 and the licensee is allowed
to amend their license so that it expires in 2014, then the duration - -
of PDMS would be 23 years, the length of time between 1991 and 2014.

A period following PDMS of 1 year or less would be used to pre-
pare the facility for decommissioning. 'No large-scale cleanup would
occur following storage or preceding decommissioning. After the stor-
age period has been completed, the TMI-2 facility would be decommis-
sioned along with the Unit-1 facility; however, the impacts associated
with decommissioning are not evaluated in this supplement.
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In addition to the 23-year storage period proposed by the licen-
see, the NRC staff has included in its evaluation; storage periods
ranging in duration from less than 17 years to 33 years. A period of
less than 17 years assumes the possibility that the licensee would
decide to remove the facility from storage and decommission it before
the Unit-1 or Unit-2 operating licenses expired. A period of 5 years
.was used for the analyses in this supplement to bound the impacts
associated with a short storage period. A period of 17 years cor-
responds to the end of the current Unit-1 operating license, May 18,
2008. A period of approximately 19 years corresponds to the end of
the Unit-2 license, November 4, 2009. A period of 30 years corre-
sponds to the length of storage assumed in the licensee's PDMS safety
analysis report (GPU 1988) for the estimate of occupational dose.
Finally, the upper estimate for the storage period of 33 years (until
2024) corresponds to an additional 10-year extension to a 40-year
license for Unit 1.

The following sections address the status of TMI-2 systems during
PDMS, preparations required for PDMS, the surveillance and maintenance
activities occurring during PDMS, and the preparations for decommis-
sioning following the conclusion of PDMS.

3.1.1.1 System Status During PDMS

To maintain TMI-2 in a storage mode, the facilities and systems
at TMI-2 would be placed into one of four -classifications before PDMS:
(1) operable for PDMS support, (2) operable for site support,

(3) deactivated and preserved for future use, or (4) deactivated but
not preserved.

Systems that would remain operable for PDMS support include the
ventilation systems in the reactor building and the AFHB and some
parts of the water processing systems and the fire protection system.
Some of these systems would be modified to support PDMS. For example,
fire detection sensors would be operational throughout the plant
except on deactivated equipment; however, the remote monitoring capa-
bility for the fire protection system, currently located in the TMI-2
control room, may require relocation.

Service facilities outside the protected area fence that are use-
ful for site support would remain operable. Such facilities include
the solid waste handling and packaging facility and the laundry/
respirator facility. The environmental monitoring program, including
wells and air monitoring stations, would be maintained.® Areas within
the AFHB that are shared with TMI-1 (e.g., the truck bay) would remain

(a) The environmental monitoring program at TMI is a site program
and as such undergoes continuous review and modification in
response to changing site and Unit-1 and Unit-2 facility condi-
tions. This process is expected to continue during PDMS.
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operable, although an identifiable boundary between TMI-1 and TMI-2
would be established and maintained.

Systems that are expected to have a future value to TMI-2,
regardless of its disposition, would be deactivated and preserved
(preventive maintenance would be applied to protect and preserve the
system components). The only system identified to be preserved for
future use following PDMS is the mechanical components of the polar
crane.

Systems and equipment that would not be needed during the storage
period and that would not be expected to have a further value to the
facility would be deactivated; however, no action would be taken to
ensure their future availability.

In general, aqueous systems, such as the fuel transfer canal,
reactor coolant system,-and the submerged demineralizer system (SDS),
would be drained. However, yard hose stations for fire protection
would be capable of being returned to service for emergency use. Fil-
ters and demineralizer resin beds would be removed and disposed of, as
practicable. Systems containing residual fuel material, including
sections of the reactor coolant system, would be deactivated and
sealed as necessary to contain the radioactive material. Noncontami-
nated systems would be deactivated in a similar manner except that
sealing would not be required. Fuel transfer tubes would be sealed to
maintain containment integrity. The vessel head would remain at its
present shielded storage location. The plenum would be stored dry in
the deep end of the fuel transfer canal and shielded to reduce the
radiation dose to the surrounding areas. The service structure,
defueling platform, and internals indexing fixture would remain in.
their present locations on the reactor vessel.

3.1.1.2 Preparations for PDMS

Before the start of the PDMS period, the following activities
will have occurred or be underway: (1) removal of greater than
99 percent of the fuel, (2) reduction of radiation levels to the
licensee's established goals (Table 3.2), (3) packaging and disposing
of radioactive waste associated with decontamination activities,
“(4) quantification of the residual fuel, and (5) removal of water from
the reactor coolant systems and spent fuel pools. In addition, spe-
cific preparations for PDMS would include planning and engineering,
equipment/system deactivation, modification and activation of PDMS
support systems, pre-PDMS fire inspections, and pre-PDMS radiation
surveys. The final phase of preparation activities would include
extensive monitoring to provide a data base to ensure that plant con-
ditions and trends are documented and well understood (GPU 1987b). It
is anticipated that the preparation phase will last between 6 months
and 1 year. :
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Several activities that are not considered a part of delayed
decommissioning are expected to continue through the preparation phase
and possibly after commencement of PDMS. For instance, during the
initial stages of PDMS, disposal of the accident-generated water may
be occurring. Thus, some storage locations for the water, including
the fuel pools in the AFHB, may not have been drained at the.time the
facility is placed in PDMS. 1In addition, systems and facilities nec--
essary to support this activity (e.g., the processed water storage
tanks) would not be placed in a final storage configuration until
possibly after implementation of PDMS. Some decontamination of the
accident-generated water support system during the early stages of
PDMS would be necessary. In addition, the licensee anticipates that
some radioactive wastes that would be generated during the decontami-
nation process may need to be shipped and the disposal of the
accident-generated water may need to be completed during the early
part of the PDMS period, as well as activities to complete the trans-
fer of records for the fuel debris that was shipped to the Department
of Energy. The impacts of processing and disposing of the accident-
generated water and the impact of the waste shipments associated with
the current decontamination process were evaluated in the PEIS and
previous supplements (NRC 1981, 1984, and 1987) and. thus they will not
be reevaluated in this document. '

3.1.1.3 Activities During PDMS

S

During PDMS, the reactor building and the AFHB would be locked;
however, periodic entries would be made to inspect, monitor, and main-
tain the facility. Additional entries would be made in response to
emergencies (e.g., fire). Entries might also be made to acquire addi-
tional data and plan the future disposition of the facility.

The reactor building would be maintained at atmospheric pressure.
Before each entry, it would be ventilated at a maximum 50,000 cubic
feet per minute (1400 cubic meters per minute) to ensure that the
building atmosphere meets personnel protection standards for breathing
and that radiation-doses would be maintained as low as reasonably
achievable (ALARA). The ventilated air would be discharged through
double-stage high-efficiency particulate air (HEPA) filters, and the
discharged air would be monitored. Some passive airflow due to
changes in atmospheric pressure (an estimated 10 air exchanges per
year in the absence of ventilation) is predicted to occur between
active ventilations. - Passive airflow would occur through a breather
system utilizing a single-stage HEPA filter.® Effluents would be
monitored by periodically performing an assay of the HEPA filter.
Passive airflow in the AFHB would also be expected through the ‘'station

(a) Letter from J. J. Byrne, GPU Nuclear, to W. D. Travers, NRC,
February 2, 1988. Subject:. PDMS Environmental Evaluation
Information (4410-88-M-0043).
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vent. If necessary, before entries, the AFHB atmosphere would be
actively ventilated through HEPA filters.

Inspection and monitoring in both buildings would be performed
routinely to identify changes in radiation level, water intrusion, or
other off-normal conditions; to verify containment of contamination;
and to provide for equipment surveillance as required by the plant's
technical specifications. Throughout the storage period, radiological
survey results would be collected, reviewed, and evaluated for trends
to detect any changes in radiological conditions.

The radiological monitoring would consist of air sampling, loose
surface contamination sampling, and radiation dose rate surveys. In
addition, thermoluminescent dosimeters would be placed in fixed loca-
tions for a period of time and then collected to monitor radiation
dose rates. It is anticipated that routine radiological surveys would
normally be performed only in areas where radiation levels, contamina-
tion levels, and other factors permit routine access. The expected
radiological conditions in the reactor building would allow regular
personnel access for inspection and maintenance at the 305-foot and
the 347-foot elevations. Routine surveys would not normally be per-
formed in areas of high radiation or high contamination, sealed areas,
or other normally inaccessible areas unless access were required for
some other purpose. Surveys at the boundary of such areas would be
performed to ensure containment of contamination. ’

The licensee's anticipated initial schedule for inspection and
monitoring activities within the reactor building and AFHB is shown in
Table 3.3. It is expected that an initial program of data acquisition
and assessment would be necessary to ensure that plant conditions and
trends were documented and well understood. During this time, workers
would enter the reactor building and AFHB monthly to perform radiolo-
gical surveys and visual inspections. Abnormal conditions, although
not expected, would be investigated and corrected, and the inspection
frequency adjusted as appropriate. The inspection and monitoring
" frequency would be determined by experience and need.” The licensee
anticipates that the inspection and monitoring frequency might
decrease after the first few years if data accumulated from the
inspections and surveys indicate that there were no -unexpected or
adverse changes in building conditions or radiation levels over long
periods of time. In addition, the need for pre-entry ventilation of
the reactor building and the AFHB would be evaluated based on the air
sampling results. '

Maintenance activities would include the calibration and repair
of instrumentation required by the plant's technical specifications
and the repair of ventilation systems and changing of filters, as
necessary. In addition, preventive maintenance of mothballed equip-
ment is anticipated.



" TABLE 3.3. Anticipated Initial Schedule for Inspection and Monitoring
Activities®

Worker Entry
Monitoring/Inspection Frequency Required

Reactor Building

Radiological survey Monthly - Yes
Air sampling
Surface contamination surveys
Dose rate surveys
Thermoluminescent dosimeter
placement

Visual surveys : : Monthly Yes
. General conditions

Sump level monitoring® Continuous No
Fire detection v Continuous No
Auxiliary and Fuel-Handling Building

Radiological survey Monthly Yes
Air. sampling
Surface contamination surveys
Dose rate surveys
Thermoluminescent dosimeter
placement

.Visual surveys Monthly Yes
General conditions .
Animal intrusion

Housekeeping
Sump level monitoring® Continuous No
Fire detection Continuous No

(a) Source: GPU 1987b.
(b) The continuous sump level monitoring is via an alarm function.
Remote level measuring devices are not planned.
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No active program of building or equipment decontamination would
be necessary during storage unless radiation surveys indicated that
contamination had spread. 1In these cases, it might be necessary to
perform decontamination. In addition, some decontamination might be
required to support maintenance or .inspection activities. Wastes that
were generated as a result of PDMS activities would be routlnely proc-
essed and shlpped to an offsite dlsposal site.

Water-processing capabilities would be available to dispose of
rainwater inleékage,,gfoundwater-inleakagé, and condensation (result-
ing from high humidity conditions?).. The licensee irdicated, that a
discharge of 5000 gallons (19,000 liters) annually could be expected.
during PDMS.® This estimate was based on' experierce and accounted
for the reduction in decontamination and defueling activities during
PDMS. Water inleakage is not. expected to occur in the reactor build-
ing, which is designed to contain radionuclides and prevent inleakage
under a variety of extreme environmental conditions. Current experi-
ence indicates that any inleakage would occur at the building joint
between the service building and the air intake tunnel, at the con-
struction joint in the basement of the AFHB, at the electrical pene-
tration in the southwest corner of the control building (281-foot
elevation), and at the fire service penetration on the east wall of
the turbine building (300-foot.elevation). The licensee indicated
that inleakage of groundwater and precipitation are anticipated to be
the major sources of liquids' during PDMS, although some water used for
small decontamination jobs can also be expected (GPU 1987b). To the
extent that the inleakage becomes contaminated by any residual con-
tamination on floors or in sumps, it would be processed before it was
discharged. Decontamination solutions and inleakage would be col-
lected in the auxiliary building sump. ' Periodically, liquids in the
sump that are not directly releasable pursuant "to 10 ‘CFR 20, -Appen-
dix B, Table II, Column 2 (see Appendix C to this supplement) and the
licensee's technical specification limits® would be pumped to the
auxiliary building sump tank and then to the miscellaneous waste
holdup tank, or directly from the sump to the miscellaneous waste :
holdup tank. When the tank was nearly full, the water would be proc- ..
essed through the EPICOR II system, which will be ‘available during
PDMS and is located in the chemical cleaning building. The processed

(a) Letter from F. R. Standerfer to the NRC, March 11, 1987.
-Subject: ‘Environmental Evaluation for TMI -2 Post- Defuellng
Monitored Storage (4410-87-L0025).

(b) Appendix B of the Recovery Technical Spec1flcat10ns states that
the licensee will maintain releases within 10 CFR 20 limits
(CFR 1988a) and "will not exceed a small fraction of the limits."
The proposed technical specification change for PDMS indicates
that, "The concentration of radioactive material released at any
time from the unit to unrestricted areas shall be limited to the
concentrations specified in 10 CFR 20, Appendix B, Table II,
Column 2" (GPU 1988).



water would be sampled and disposed of in accordance with the TMI-2
technical specifications.

The licensee's current environmental monitoring program would
continue throughout the storage period. The reactor building atmos-
phere would be continuously monitored when the ventilation system was
running. During those periods when the ventilation system is not run-
ning, any discharge through the passive breather vent line would be
filtered by a HEPA filter. The HEPA filter would be periodically
assayed. The offsite environmental monitoring program would also be
continued pursuant to the. technical specifications. Groundwater moni-
toring would be performed quarterly. The licensee's radiological
environmental operating plan would be fully operational, undergo con-
tinuous review, and be modified if necessary in response to changing
site or plant conditions that could affect the environment.

3.1.1.4 Preparations for Decommissioning

Following PDMS, preparations for decommissioning would occur. It
is estimated that the preparations for decommissioning would require
no more than 1 year. The preparation efforts might include measure-
ments of residual fuel, more encompassing general area radiation meas-
urements than would be performed during PDMS, measurements of surface
contamination, measurement of the degradation of systems or components
that isolate fuel and contamination, and the cleanup of systems and
locations (including any that exhibited movement of contamination or
are in areas that might need to be accessible during decommissioning).
No large-scale cleanup operations would occur during this period
unless it was demonstrated that such a need existed. At the end of
the preparation period, the decommissioning process would begin. The
impacts associated with additional cleanup (to levels associated with
an undamaged reactor facility nearing the end of its operating life)
would be considered part of decommissioning. The mode of decommis-
sioning is not yet specified, and the impacts of decommissioning are
not evaluated in this document.

3.1.2 Offsite Dose Evaluation for Delayed Decommissioning

The evaluation of radiation dose to the offsite population as a
result of the delayed decommissioning alternative includes an assess-
ment of the dose from routine atmospheric releases, routine liquid
releases, accidental atmospheric releases, and accidental liquid
releases of radioactive material.

3.1.2.1 Routine Atmospheric Releases

The magnitude and impact of routine atmospheric releases of
radioactive material will vary, depending on the stage of the delayed
decommissioning. These stages, as described in Section 3.1.1, include.
preparations for PDMS, PDMS, and preparations for decommissioning.
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Table 3.4 shows the 50-year dose commitment® to the maximally

exposed member of the public, to the total population within a 50-mile
(80-kilometer) radius of the TMI-2 site, and to the population outside
the 50-mile (80-kilometer) radius as a result of routine atmospheric
‘releases during the three stages of delayed decommissioning. The
50-year dose commitment to the maximally exposed member of the pub-
lic results from inhalation of air, consumption of food products, and
external exposure as a result of the routine atmospheric releases.

The maximally exposed individual is assumed to breathe air-'at the off-
site boundary location of highest airborne concentration (0.34 miles
,[0.55-kilometers] west) and to consume food products raised exclu-
sively in the offsite boundary ‘location that receives ‘the maximum

ground deposition of the released radioactive material. 'The max1ma11y_'-

exposed individual is in the age group that.receives the highest

dose. The collective 50-year dose commitment is also estimated for
the populations listed in Table 3.4 that live.within the 50-mile
(80-kilometer) radius as a result of inhalation of air, consumption of
food products, and external exposure. Table 3.4 also shows the dose
attributable to TMI-2 received by the populatlon outside the 50-mile "
(80-kilometer) radius from inhalation, external exposure, and consump-
tion. of food products exported from within the .50-mile (80-kilometer)
radius. The collective dose to the population and the dose to the
maximally exposed individual are calculated for the entire duration of
the- delayed decommissioning stages under consideration: '

The 50-year dose commitment to the maximally exposed member of
the public, the collective 50-year dose commitment to the population
living within a 50-mile (80-kilometer) radius, and the collective -
50-year dose commitment to the population living outside the 50-mile
(80-kilometer) radius are given in Table 3.4 for ‘a storage period of
23 years, as well as for storage periods of 5 and 33 years. In addi-
tion, the dose commitments are estimated for the l-year period of
decommissioning preparations following a 23-year storage period and
the l-year period following storage periods of 5 and 33 years.

The bases for the dose calculations are given in Appendix E. The
specific assumptions that were used during the calculation of the
impacts for each of the stages durlng delayed decommissioning are dis-
cussed in the following sections.

Preparations for PDMS. ' The preparations for PDMS are expected
to take place concurrently with the completion of defueling and are
not expected to increase the amount of airborne contamination. Thus,
the routine releases that would be expected to result from PDMS prepa-
rations would not be distinguishable from releases expected during the
final stage of defueling or from releases currently occurring, except

(a) The 50-year dose commitment is the total radiation received from
the initial exposure through the succeeding 50 years.
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TABLE 3.
from Delayed Decommissioning®
Dose to
Stages Maximally Exposed
of Delayed Duration, Dose Offsite Individual,
Decommissioning years Location mrem
PDMS 1 Bone 0.001
Preparations Total body 0.0001
PDMS 23 Bone 23
Total body 1.9
) Bone 6
Total body 0.5
33 Bone 30
Total body 2.6
Decommissioning 1, Bone 0.01
Preparations following Total body 0.0004
23-yr PDMS
1, Borne 0.02
following Total body 0.0005
5-yr PDMS
1, Bone 0.01
following Total body 0.0003
33-yr PDMS

(a) Does not include dose associated with decommissioning.

2.

Population Within Dose to Population
50-Mile Radius of TMI-2 Qutside 50-Mile
Population Size, Dose, Radius of TMI-2,
millions person-rem person-rem
5 0.0005 0.0002
0.0004 0.00004 -
.5 to 3.3 13 1.2
7.8 0.3
.5 to 2.7 2.4 0.5
1.3 0.2
.5 to 3.7 19 1.3
11 0.4
3 0.005 0.0003
0.0005 0.00001
7 0.006 0.0007
0.0006 0.00004
7 0.004 <0.00001
0.0006 <0.000001

4. 50-Year Dose Commitments from Routine Atmospheric Releases Resulting




that the amount of tritium and alpha radiation released would be sig-
nificantly less because the defueling process would be complete and
the water would have been drained (or would be in the process of being
drained) from the facility. Current releases are shown in Table 3.5
for the period January 1, 1987, to September 30, 1988. Airborne dis-
charges during this period were less than 0.03 percent of the techni-
cal specification limits. These release rates and quantities are
consistent with results reported for previous calendar quarters.

During PDMS. During PDMS, the reactor building atmosphere would
be ventilated through double-stage HEPA filters before each entry, as
noted in Section 3.1.1.3. Entries might occur as frequently as once a
month. The amount of radioactivity released during ventilation is
based on an estimate of the fraction of radioactive material on sur-
faces in the reactor building that could become suspended in the
reactor building atmosphere. Four major sources of potentially sus-
pendible contamination are identified, based on the information pre-
sented in Sections 2.1 and 2.2: (1) the enclosed stairwell/elevator
structure; (2) the sludge residue on the reactor building basement
floor (which may have a greater potential for mobility as it dries
during PDMS); (3) the remaining surface contamination on the concrete

/
. TABLE 3.5. Average Annual Airborne Discharges Based on Releases

During the Period January 1, 1987, to September 30,

1988®@
Average Annual
Radionuclide Activity Released, Ci
Tritium 25.0
Gross alpha 0.00000008
Unidentified beta/gamma radiation 0.000049
Cesium-137 0.000016

Cesium-134 0.0000004

" (a) The average annual airborne discharge was determined by
averaging releases from seven quarterly reports (Janu-
ary 1, 1987, to September 30, 1988) and multiplying by
four. Quarterly release information was obtained from;
letters from F. R. Standerfer to the NRC "Semi-Annual
Radioactive Effluent Release Report," August 28, 1987
(4410-87-L-0132); February 29, 1988 (4410-88-L-0027);
August 29, 1988 (4410-88-L-0142) and letter from
F. R. Standerfer to the NRC, November 29, 1988, Subject:
Quarterly Dose Assessment Report Update - Third Quarter
1988 (4410-88-L-0184).
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slab walls, equipment, overhead structures, etc.; and (4) the surface
contamination on the walls and the equipment located in the D-rings.

The staff conservatively assumed that a fraction of the radionu-
clides absorbed within the stairwell/elevator structure would migrate
to the surface of the concrete block as the structure dried. Studies
indicate that cesium migrates to some extent as cement-based solids
dry (Arora and Dayal 1986). To conservatively bound this phenomenon,
one-eighth (approximately 13 percent) of all radioactive material in
the structure was assumed to be available for suspension.® Although
studies with strontium (Arora and Dayal 1986) indicate that it does
not migrate as easily as cesium, it is conservatively assumed that
one-eighth of the strontium-90 and all other isotopes assumed to have
been dispersed through the reactor building and present in the con-
crete block migrate near to the surface and are available for suspen-
sion in the reactor building atmosphere.

Because the suspension of radioactive material from the dried
sludge in the reactor building basement has not been investigated, the
staff has conservatively assumed that 100 percent of the radioactive
material in the sludge (including the 7.1 pounds [3.2 kilograms] of
fuel debris assumed to be present on the basement floor) would be
available for suspension in the reactor building atmosphere over the
entire length of the storage period although only a fraction would
become suspended at a given time. In addition, one-tenth of the
radioactive material in the concrete slab walls, equipment, and over-
head structures and in the D-ring structures and equipment is assumed
to be near the surface and available for suspension over the entire
length of the storage period.

A resuspension factor (the ratio of air contamination [uCi/m®] to
the surface contamination [uCi/m?]) was used to estimate the amount of
surface contamination that may become airborne. Resuspension factors
quoted by the International Atomic Energy Agency (IAEA) in Technical
Report Series No. 20 vary from 0.000002/meter to 0.003/meter (Clayton
1970). Dunster (1962) indicates that "for controlled areas the lower
figure of 0.000002/meter is certainly safe for long term use."
Because there will be little or no traffic in the reactor building
during PDMS (especially in the basement where most of the contami-
nation is located) and no forced ventilation (except before worker
entries), the lower figure was used and conservatively applied to the
entire air volume of the basement.

(a) This fraction is based on the conservative assumption that the
activity in the first 1/2 inch (1.3 centimeters) of the concrete
block becomes available for resuspension over time. Because much
of the concrete block is available to the atmosphere on two
sides, 1/2 inch (1.3 centimeters) on each side accounts for one-
eighth of the activity in the structure.
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For forced ventilation, double-stage HEPA filters will be used to
remove particulate radioactive material. The fraction of the radioac-
tive particulate material that penetrates a single-stage HEPA filter
is conservatively assumed to be 0.01 (NRC 1979b). For double-stage
HEPA filters, this fraction is assumed to decrease to 0.0001.® 1In
addition to the 12 forced ventilation releases assumed each year, ‘the
air in the reactor building is expected to passively exchange to some
degree with the outside air because of changes 'in atmospheric pres-
sure. As discussed in Section 3.1.1.3, an estimated 10 passive air
exchanges per year would occur between active ventilations. Passive
air exchange would occur through a single-stage HEPA filter. A pene-
tration factor of 0.01 was used for the single-stage HEPA filters
during passive air-exchange releases.

‘The amount of radioactive material calculated to be released
annually into the atmosphere during PDMS is shown in Table D.1 of
Appendix D for the first year of release. Estimates of releaseés in )
subsequent years are based on the releases during the first year and
account for radioactive decay.

Preparations for Decommissioning. The routine airborne releases
during preparations for decommissioning following PDMS are expected to
be similar to those during preparations for PDMS. The activities
expected include measurements of residual fuel, surface contamination
levels, general area radiation, and degradation of systems or compo-
nents that isolate fuel and contamination. In addition, cleanup of
systems or locations that have exhibited movement of contamination or
intrusion of water would occur. These activities are not expected to
result in a release of radioactive material in excess of the amounts
currently released or amounts released during preparations for PDMS.
Radioactive decay would have reduced the amount of radioactive mate-
rial in the facility, and some isotopes might have decayed to neg-
ligible amounts. In addition, it is likely that improved techniques

(a) - Forced ventilation will be through two HEPA filters in series.
.Each has an in-place tested efficiency of at least 99.95 percent
for removal of particulates of 0.3-micron (0.0003-millimeter)
diameter. Therefore, only a fraction, 0.0005, of the particu-
lates in the building atmosphere would pass through the first
stage and a similar fraction (0.00000025 of the initial particu-
lates) would pass through the second stage to the atmosphere.
However, Regulatory Guide 1.140 (NRC 1979b), which gives guide-
lines for operating nuclear power plants, specifies a very con-
servative penetration factor of 0.0l (corresponding to 99-percent
efficiency) for filtration systems that test, in place, to an
efficiency of 99.95 percent or more. Although Regulatory Guide
1.140 gives no additional credit for HEPA filters in series,
because of the extensive conservatism, the penetration fraction
through each stage of HEPA filters was assumed to be.0.0l1, thus
giving an overall penetration factor of 0.0001.

3.18



and equipment would be available for any decontamination or cleanup
work that was deemed necessary, thus further reducing the potential
for airborne contamination.

To estimate radionuclide releases into the atmosphere during the
period of preparations for decommissioning, it was assumed that some
radionuclides in the reactor building would become airborne because of
the activities of workers in the building and that a fraction of these
radionuclides would escape into the atmosphere through the double-
stage, HEPA-filtered ventilation system. Because the reactor coolant
system would be sealed during this period (as discussed earlier), it
was assumed that the source of any activity suspended in the reactor
building would be radionuclides dispersed throughout the facility
(found mostly in the reactor building basement), including the
7.1 pounds (3.2 kilograms) of fuel assumed to remain on the reactor
building basement floor. In addition, it was assumed that the prepa-
rations for decommissioning would be accomplished in a period of less
than 1 year.

To ensure a conservative approach to calculating the offsite
radiation dose from the period of decommissioning preparations fol-
lowing PDMS, airborne effluents were based on the release rates shown
in Table 3.5 for particulates (unidentified beta/gamma, cesium, and
alpha). These release rates were reduced to account for radioactive
decay during PDMS. The quantity of each radionuclide assumed to be
available for suspension in the reactor building was used to determine
the quantity released from the facility by scaling to the alpha or
unidentified beta/gamma particulate release rate, as appropriate. The
calculated release rates were assumed to occur over the entire l-year
period. The release rates calculated for atmospheric releases: during
the l-year period of preparations for decommissioning are shown in
Table D.2 of Appendix D.

3.1.2.2 Routine Ligquid Releases

The magnitude and impact of the routine liquid releases of radio-
active material will also vary depending on the stage of delayed
decommissioning. Table 3.6 shows the 50-year dose commitment to the
maximally exposed member of the public, to the total population within
a 50-mile (80-kilometer) radius of the TMI-2 site, and to the popula-
tion outside the 50-mile (80-kilometer) radius as a result of routine
liquid releases during the three stages of delayed decommissioning.
The maximally exposed individual is the member of the public that
drinks the largest amount of Susquehanna River water, consumes the
greatest quantity of fish taken from the river, and participates
heavily in rivershore activities. In addition, this individual is
assumed to consume shellfish from Chesapeake Bay at the maximum rate
of shellfish consumption for the mid-Atlantic region, 97 pounds per
year or 44 kilograms per year (Rupp, Miller, and Baes 1980). The col-
lective 50-year dose commitment is calculated for the population
within a 50-mile (80-kilometer) radius that drinks Susquehanna River
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TABLE 3.6. 50-Year Dose Commitments from Routine Liquid Releases
Resulting from Delayed Decommissioning®

Dose to Maximally

Exposed Offsite Individual Population Within 50-Mile Radius of TMI-2 Dose to Population
Susquehanna River Outside 50-Mile
Susquehanna River : ) Water, Fish, Chesapeake Bay Radius of TMI-2
Stages of Water, Fish, Chesapeake Bay Activities Shellfish from Chesapeake Bay
Delayed Duration, Dose Activities, Shellfish, Population, Dose, Population, Dose, Shellfish,
Decommissioning _ years -_Location mrem mrem thousands_ person-rem millions_  person-rem person-rem
PDMS 1 Bone 0.001 0.00009 340 0.02 2.5 0.0002 0.04
Preparations Total body 0.0003 0.000003 0.0003 0.000006 0.001
PDMS 23 Bone 0.02 . 0.0003 350 to 460 0.06 2.5 to 3.3 0.001 0.2
Total body 0.02 ) 0.00005 0.007 0.0001 0.02
5 Bone 0.005 0.00006 350 to 370 0.01 ' 2.5 to 2.7 0.0001 0.03
Total body 0.004 0.00001 0.001 0.00001 0.004
33 Bone 0.03 0.0004 350 to 510 0.09 2.5.to 3.7 0.002 0.3
Total body 0.03 0.00007 0.01 0.0003 0.04
Decommissioning = 1, . Bone 0.004 . 0.00005 460 0.01 3.3 0.0002 0.03
Preparations following Total body 0.003 0.000008 0.001 0.00003 0.004
23-yr PDMS . N
1, Bone 0.004 0.00005 ' 370 0.009 2.7 0.0001 0.02
following Total body 0.003 0.000008 0.001 0.00002 o 0.003
5-yr PDMS :
1, Bone 0.004 0.00005 - 510 0.01 3.7 0.0003 0.04
following Total body 0.003 ' 0.000008 C 0.001 0.00004 0.006

33-yr PDMS

(a) Does not include dose associated with decommissioning.
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water (the population living downstream of TMI that is assumed to
obtain their drinking water from the Susquehanna River, as shown in
Table 3.6), consumes fish inhabiting the river, and participates in
swimming, boating, and rivershore activities. The dose to the entire
population within the 50-mile (80-kilometer) radius from the consump-
tion of shellfish from the Chesapeake Bay is also given. The dose
estimated for the population outside the 50-mile (80-kilometer) radius
is attributed solely to the consumption of Chesapeake Bay shellfish.

The 50-year dose commitment to the maximally exposed member of
the public, the collective 50-year dose commitment to the population
living within a 50-mile (80-kilometer) radius, and the collective
50-year dose commitment to the population living outside the 50-mile
(80-kilometer) radius are given in Table 3.6 for a storage period of
23 years, as well as for storage periods of 5 and 33 years. In addi-
tion, the dose commitments are estimated for a l-year period of decom-
missioning preparations following a 23-year storage period and a
l-year period following storage periods of 5 and 33 years.

The bases for the dose calculations, including the flow rate
assumed for the Susquehanna River, are given in Appendix E. The
specific assumptions that were used during the calculation of the
impacts for each of the stages during delayed decommissioning are
discussed in the following sections.

Preparations for PDMS. The preparations to place the TMI-2
facility into PDMS, which are expected to take place concurrently with
the completion of defueling, are not expected to increase the amount
of waterborne contamination. Thus, the routine releases that would be
expected to result from preparations for PDMS would not be distin-
guishable from releases expected during the final stage of defueling
or those currently occurring. (The release of tritium is considered a
part of the accident-generated water disposal.) Current liquid
releases are shown in Table 3.7 for the period January 1, 1987, to
September 30, 1988. Liquid discharges during this time were less than
0.0002 percent of the technical specification limits. These release
rates and quantities are consistent with results reported for previous
calendar quarters.

During PDMS. The evaluation of offsite doses during PDMS result-
ing from the routine liquid releases is based on 5000 gallons (19,000
liters) of groundwater, precipitation inleakage, and small amounts of
decontamination liquids released each year.“) The amount of radio-
active material assumed to be released annually in liquid releases
during PDMS is shown in Table D.3 of Appendix D.

(a) It is possible that liquids may be accumulated for several years
before they are processed or released. However, this analysis
is based on an annual average release of 5000 gallons
(19,000 liters).




TABLE 3.7. Average Annual Liquid Discharges Based on Releasés During
the Period January 1, 1987, to September 30, 1988(3)

Average Annual

Radionuclide - - “Activity Released. Ci
Tritium : 0.0039 .
Strontium-90 and : , 0.90036
unidentified beta/gamma radlatlon o
Cesium-134 C - 0.000005

Cesium-137 . ~0.00028

(a) The average annual liquid discharge was determined by aver-
aging releases from seven quarterly reports (January 1, 1987
to September 30, 1988) and multiplying by four. Quarterly
release information was obtained from; letters from
F. R. Standerfer to the NRC "Semi-Annual Radioactive
Effluent Release Report," August'28,‘l987 (4410-87-L-0132);
February 29, 1988 (4410-88-L-0027); August 29, 1988 (4410-
88-L-0142) and,letter from F. R. Standerfer to .the NRC,
November 29, 1988, Subject: Quarterly Dose Assessment
Report Update - Third Quarter 1988 (4410-88-L-0184).

As indicated in Section 3.1.1.3, any inleakage that becomes con-
taminated by residual contamination on the floors or in sumps and is
not directly releasable pursuant to 10 CFR 20, Appendix B, Table II,
Column 2 (CFR 1988a; see Appendix C to’ this supplement) and the
licensee's technical specification limits (see Sectlon 3.1.1.3) would
be pumped to the miscellaneous waste holdup tank and subsequently
processed through the EPICOR II system.

The concentration of radionuclides in any liquids directly
releasable would be equal to or less than the limits.specified in
10 CFR 20, Appendix B, Table II, Column 2 (CFR 1988a). Liquids
released following processing through the EPICOR I1 system would have
radionuclide concentrations below the 10 CFR 20 limits. Because the
contaminated liquids will consist of a mixture of radionuclides and
the concentrations of each of the radionuclides is currently unknown,
the concentration limit for the mixture is based on the limit speci-
fied in Appendix B for the radionuclide in the mixture having the
lowest concentration limits (according to Footnote 3.a. of Appen-

dix B). Although there is a potential that each of the dispersed
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radionuclides listed in Table 2.4 could be present in the mixture,(”
the isotopes that are currently identifiable and measurable are
cesium-134, cesium-137, and strontium-90. The most restrictive con-
centration limit for these three isotopes is 0.00004 pCi/mL (insoluble
fraction).w) Thus, this limit was applied as the concentration limit
for the radionuclides in the liquids and was adjusted on a weight per-
centage for all radionuclides that could potentially be present in the
liquid.

Preparations for Decommissioning. Liquid releases to the Susque-
hanna River will also occur during the expected l-year preparation
period for decommissioning following PDMS. Although it is not certain
that preparations for decommissioning will generate any additional
liquids (over the PDMS average of 5000 gallons [19,000 liters] per
year), it is possible that some liquids may be generated during the
decontamination of systems or locations where movement of contami-
nation was found. Therefore, the staff assumed maximum releases of
20,000 gallons (76,000 liters) for the year (four times as much as
estimated for a year of PDMS). Liquids that are not directly
releasable pursuant to 10 CFR 20, Appendix B, Table II, Column 2
(CFR 1988a) and the licensee's technical specification limits would be
processed through the EPICOR II system.

The concentration of radionuclides in any liquids directly
releasable would be equal to or less than the limits specified in
10 CFR 20, Appendix B, Table II Column 2 (CFR 1988a). Liquids
released following processing through the EPICOR II system would have
radionuclide concentrations below the 10 CFR 20 limits. The amount of
radioactive material assumed to be released in the liquids during the
year of decommissjioning preparations was estimated using the same
methodology given previously for routine liquid releases during PDMS.
Radionuclides specifically associated with fuel debris (see Table 2.4)
were again not considered because it is assumed that they would be
isolated in the reactor coolant system and connected piping systems or
located in the reactor building basement, which is not expected to
receive any inleakage or be the site of further decontamination. The
amount of radioactive material assumed to be released during the
l-year period of decommissioning preparations is shown in Table D.4 of
Appendix D.

(a) Radionuclides specifically associated with the fuel debris (see

Table 2.4) were not considered because it is assumed that they
.would be isolated in the reactor coolant system and connected
piping systems, or located in the reactor building basement,

which is not expected to receive any inleakage.

(b) Although 10 CFR 20, Appendix B, does give lower concentration
limits for the soluble fraction than for the insoluble fraction,
the latter was used in this analysis because it gives the most
conservative release rates.
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3.1.2.3 Accidental Atmospheric Releases

The potential for accidents resulting in airborne releases of
radionuclides during delayed decommissioning was evaluated. Three
potential accidents resulting in an atmospheric release were developed
from the list of potential accidents given in the PEIS (NRC 198l): a
fire in the stairwell/elevator structure, the rupture of a HEPA filter
during decontamination activities, and the spill of decontamination
solution in the reactor building.® The potential for these accidents
during the three stages of delayed decommissioning was evaluated. If
the potential existed for a specific accident, the impact of the acci-
_dent was quantitatively evaluated to determine the effect on the off-
site populations.

Table 3.8 shows the results of this evaluation. The table
lists the 50-year dose commitments to the maximally exposed member of
the public to the total population within a 50-mile (80-kilometer)
radius of the TMI-2 site, and to the population outside the 50-mile
(80-kilometer) radius as a result of accidental atmospheric releases
during each stage of delayed decommissioning where there was a poten-
tial for an accident. The dose commitments to the maximally exposed
member of the public and to the population within the 50-mile
(80-kilometer) radius result from external exposure, inhalation,
and the consumption of food products, as discussed in Section 3.1.2.1.
The dose commitment to the population outside the 50-mile
(80-kilometer) radius resulted from external exposure, inhalation, and
the consumption of food products exported from within the 50-mile .
(80-kilometer) radius.

Accidents occurring during preparations for PDMS are similar to
-those evaluated in the PEIS and are not evaluated further in this sup-
plement, as explained below in greater detail. Accidents occurring
during PDMS were assumed to occur early in the storage period. Thus,
the dose commitments shown in Table 3.8 apply to storage periods of
varying lengths. Dose commitments for accidents occurring during the
period of decommissioning preparations, however, were estimated for
the-l-year period following a 23-year storage period, as well as for
the 1l-year periods following storage periods of 5 and 33 years.

The specific assumptions used to determine the potential for each
of the above-listed accidents during the stages of delayed decommis-
sioning and the assumptions used to quantify the impact from the

(a) Recriticality was not considered a credible accident because the
licensee must demonstrate that recriticality is not credible
before the start of PDMS. Most of the remaining fuel debris
would be sealed in piping or enclosed in components located in
the reactor building. The reduced amount of fuel debris remain-
ing, its dispersed distribution, and the lack of a moderator
would preclude criticality during'the‘storage period.

3.24



G¢'¢

TABLE 3.8. 50-Year Dose Commitments from Accidental Atmospheric Releases

During Delayed Decommissioning®

Dose to Population

Stages - Maximally Exposed 50-Mile Radius of TMI-2 Outside 50-Mile
of Delayed Dose Offsite Individual, Population Size, Dose, Radius of TMI-2,
Decommissioning Accident Description Location mrem millions person-rem person-rem
PDMS Fire in stairwell ) Bone 13 2.5 0.8 0.1
(start of PDMS) Total body 1.6 0.4 ) 0.04
Decommissioning Fire in stairwell
Preparations
following 23-yr PDMS Bone 0.07 3.3 . 0.009 0.0001
Total body 0.008 . : 0.006 0.0001
following S5-yr PDMS Bone 0.08 2.7 0.007 0.001
. Total body 0.02 : : ’ 0.004 0.0004
following 33-yr PDMS‘ Bone ' 0.06 3.7 0.008 0.0001

Total body 0.006 0.005 <0.00001
HEPA filter failure

.08 . . 3.3 ’ 0.009 0.0002

following 23-yr PDMS Bone 0
Total body 0.003 ’ 0.0008 0.00001
following S-yr PDMS Bone 0.2 ‘ 2.7 0.007 0.001
Total body . 0.005 -~ 0.0006 0.00005
following 33-yr PDMS Bone 0.08 ' : 3.7 0.009 0.0001
Total body 0.002 0.0008 <0.000001

(a) Does not include dose associated with accidents during decommissioning.



potential accidental atmospheric releases are discussed in the follow-
‘ing sections.

Preparations for PDMS. The potential for accidental releases
during preparations for PDMS is expected to be similar to or less than
the accident potential during the latter stages of defueling, which
was evaluated in the PEIS and is not evaluated further in this supple-
ment. The preparations to place the TMI-2 facility into PDMS are
similar to and are combined with the current cleanup activities and
are not expected to increase the potential for releasing airborne con-
tamination even if an accident should occur.

Durihg PDMS. The fire in the stairwell/elevator structure was
identified as the only accident that could occur during PDMS that
would result in an atmospheric release of radionuclides. Although a
fire is considered unlikely during PDMS since combustible materials
and ignition sources are not expected to be present, the accident
scenario involving a fire was evaluated using the following conserva-
tive assumptions: that the accident would occur early in the storage
period, before appreciable decay of the radionuclides occurred; that
20 percent of the stairwell/elevator structure below the 8-foot
(2.4-meter) mark would be involved in the fire; that 20 percent of the
activity in the stairwell/elevator structure would be involved in the
fire, although the contamination in the structure is not distributed
uniformly; and that the 7.1 pounds (3.2 kilograms) of fuel debris
thought to remain on the floor of the basement after desludging would
also be involved in the fire (even though desludging has occurred in
the area of the stairwell/elevator structure and measurements taken
before desludging indicated that fuel debris is not located near the
stairwell/elevator structure). The fraction of activity to be .
released into the reactor building atmosphere during the burning of
the contaminated material was assumed to be 0.0005, based on studies
by Mishima and Schwendiman (1973). The amount released from the
building would be further reduced because the HEPA filters would
remove at least 99 percent of the radioactive particulates. The frac-
tion of the radioactive particulate material that would. penetrate the

"single-stage HEPA filter used when the reactor building was secured
but not actively ventilated was conservatively assumed to be 0.0l (NRC
1978). The amount of radioactive material calculated for release dur-
ing this accident is shown in Table D.5 of Appendix D.

"Preparations for Decommissioning. Two of the three potential
accidents identified above for possible atmospheric releases: could
occur during preparations for decommissioning following PDMS: a fire
in the stairwell/elevator structure and a HEPA-filter failure during
decommissioning preparations. The third accident, the spill of
decontamination solution in the reactor building, was not considered
credible since the amount of decontamination solution used during this
period of time would be relatively minor.
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The analysis of the effect of a potential fire in the stairwell/
elevator structure was based on assumptions similar to those given in
this section for PDMS. However, the amount of activity assumed to be
present is less because of the 23-year period of radioactive decay.
In addition, a double-stage HEPA filter would be used because the
reactor building would be continuously ventilated; thus, the fraction
of radioactive material released from the reactor building atmosphere
was conservatively assumed to be 0.0001. The amount of radioactive
material assumed to be released during this accident is shown in
Table D.6 of Appendix D.

High-efficiency particulate air (HEPA) filters may fail because
of physical damage such as puncture, because of extreme pressure dif-
ferentials, and because of water damage over a 1ong period of time.
For this reason, periodic in-place testing of HEPA filters is
required; however, for the purposes of accident analysis, the failure
of both stages of a double-stage HEPA filter (the probability of this
event occurring is very low) was assumed to occur. A failure of the
HEPA filters in one of the ventilation trains would be discovered
because of the increased radiation levels recorded by the ventilation
stack monitor; the ventilation would then be closed off or diverted to
the other ventilation train. However, a l-hour interval between fail-
ure and corrective action was conservatively assumed because of the
expected low radiation levels during this period of time. A release
rate was assumed that was similar to the routine release rates previ-
ously estimated but multiplied by 10,000 to account for the loss of
the HEPA filters. The maximum amount of radioactive material esti-
mated to be released during this type of accident is shown in
Table D.7 of Appendix D.

3.1.2.4 Accidental Liquid Releases

The potential for accidents resulting in liquid releases of .
radionuclides during delayed decommissioning was evaluated. A single
potential accident resulting in a liquid release was -developed from
the list of potential accidents given in the PEIS and supplements.
This accident involved the rupture of a tank containing liquid that
had been treated at least partially to remove radioactive material.
The potential for this accident during the three stages of delayed
decommissioning was evaluated as discussed in the following sections.

Preparations for PDMS. The potential for accidental liquid
releases during preparations for PDMS is expected to be similar to or
less than the accident potential during the latter stages of defueling
(evaluated in the PEIS [NRC 1981]). The preparations for PDMS are
similar to and are combined with the current cleanup activities. They
are not expected to increase the potential for releasing waterborne
contamination even if an accident should occur.
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During PDMS. During PDMS, water-processing capabilities would
be available to dispose of the small amount of liquid (assumed to be
5000 gallons [19,000 liters]) produced by inleakage, condensation, and
small amounts of decontamination. 1Liquids\that are not directly '
releasable pursuant to 10 CFR 20, Appendix B, Table II, Column 2 (CFR
1988a), would be collected in the miscellaneous waste holdup tank,
transferred to the chemical cleaning building, and then processed
through the EPICOR II system before final sampling and discharge.
Based on the environmental assessment prepared by the NRC staff on the
use of the EPICOR II system at TMI-2 (NRC 1979c), there are no credi-
ble accidents that would result in a liquid release during the trans-
fer or processing of the liquids produced during PDMS. The operating
history of this system in the intervening time has not altered this
conclusion. In addition, any leakage from the miscellaneous waste
holdup tank in the AFHB would be contained in the AFHB.

Preparations for Decommissioning. Although the licensee has not
made any detailed plans for the period of preparations for decommis-
sioning, it is assumed that during this period, only small amounts of
contaminated liquids would be generated in support of the preparations
for decommissioning. This small amount of contaminated liquid along
with the liquid produced by inleakage and condensation would be col-
lected in the miscellaneous waste holdup tank, transferred té the
chemical cleaning building, and processed through the EPICOR II system
before final sampling and discharge. Based on the environmental
assessment prepared by the NRC staff on the use of the EPICOR II sys-
tem at- TMI-2 (NRC 1979c), there are no credible accidents that would
result in a liquid release during the transfer or processing of the
small quantity of liquids produced durlng the decommlss1on1ng prepara-
tion activities. :

3.1.3 Qccupational Radlatlon Dose Evaluatlon for Delaved
Decommissioning :

The occupational radiation dose from placing the TMI-2 facility
in PDMS, maintaining it for a period of 23 years, and then preparing
the facility for decommissioning is estimated to be 86 to 230 person-
rem, as shown in Table 3.9. Table 3.9 also presents occupational dose
estimates assuming 5 years of PDMS (31 to 92 person-rem) and 33 years
of PDMS (110 to 280 person-rem). These doses are in addition to the
occupational radiation dose already received and the dose required to
complete defuellng

The estimates presented in Table 3.9 are based on a task-by-task
analysis of the work to be done. Ranges of values are presented for
each task because of the uncertainties in the specific methods and
technology used to perform tasks. A discussion of the methodology
used to estimate the occupational doses is found in Appendix H.
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3.1.4 Waste Management Considerations of Delavyed Decommissioning

The quantity, radiation level, and classification of waste that
would be produced as a result of delayed decommissioning were evalu-
ated on the basis of current regulatory requirements. Preparations
for PDMS would generate additional compacted, dry radioactive waste,
which would be either Class A or Class B, as defined by 10 CFR 61 (CFR
1988a; see Section 2.3.2 and Appendix F for a discussion of waste
classification). The estimated ratio of Class A to Class B waste
would be approximately 20:1. Maintenance of the reactor in PDMS could
generate waste consisting of HEPA filters and disposable protective
clothing. Although treatment of water and decontamination solutions
would generate additional waste that could be Class A, B, or C, the
quantities would be rather small and it is expected that they would be
stored onsite until a sufficient volume was generated to make a full
shipment. ' '

Table 3.10 shows the estimated range of quantities of waste
expected to be generated during preparations for PDMS, during 23 years
of PDMS, and during the l-year period for decommissioning preparations
following PDMS. Waste volume estimates for 5 years and 33 years of
PDMS are also provided in Table 3.10. The longer the PDMS storage
period, the greater the estimated waste volumes.

Activities during the l-year period of decommissioning prepara-
tions between the end of PDMS and -the beginning of decommissioning are
discussed in Section 3.1.1.4. Waste volumes were assumed to be equiv-
alent to the waste generated during 1 year of PDMS.

TABLE 3.9. Occupational Radiation Dose Estimates for Delayed
Decommissioning(®

Occupational Dose, person-rem

Task Description 23-year PDMS S-year PDMS 33-year PDMS
Pre-PDMS preparation 2.0 to 20 2.0 to 20 2.0 to 20
Maintenance of facility in PDMS(b) 74 to 190 20 Lo 50 95 to 240
Radioactive waste handling 5.3 to 8.3 2.3 to 3.5 5.9 to 9.1
l-year preparations for 4.6 to 12 7.0 to 18 3.6 to 9.4
decommissioning
Total(¢) 86 to 230 3l to 92 110 to 280

(a) Does not include dose associated with decommissioning.

(b) Does not include the dose while making inspections and evaluations in order to
plan post-PDMS work.

(c) The totals may not be exact because of rounding.
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TABLE 3.10.

10

Waste Volume Estimates for Delayed Decommissioning®

Total Waste Volume:

33-year PDMS

o 23-vear PDMS 5-year PDMS
Class of Waste® £t ml3 £t3 m?® £t . m®
Preparations for PDMS ’
Class A or B 100 to 200 2.8 to 5. 100 to 200 2.8 to 5.7 100 to 200 2.8 to 5.7
PDMS
Class A dry radioac- 690 to 2300 20 to 65 150 to 500 4.3 to 14 990 to 3300 28 to 93
tive waste
Class B or C air 0 to 1400 0 to 41 0 to 310 0 to 8.8 0 to 2100 0 to 58
filters
Class A, B, or C resi- 120 to 460 “3.4 to 13 25 to 100 0.71 to 2.8° 170 to 660 4.8 to 19
due from liquid .
waste treatment
1-Year Preparation
Prior to Decommissioning
Class A dry radioac- 30 to 100 0.9 to 2. 30 to 100 0.9 to 2.8 30 to 100 0.9 to 2.8
tive waste
Class B or C air 0 to 63 0 to 1. 0 to 63 0 to 1.8 0 to 63 0 to 1.8
filters ) -
Class A, B, or C resi- 5 to 20 0.1 to O. 5 to 20 0.1 to 0.6 5 to 20 0.1 to 0.6
due from liquid
waste treatment
(a) Does not include waste volumes associated with decommissioning. . :
in Section 2.3.2.

(b) Waste is classified according to 10 CFR 61 (CFR 1988a) criteria. See

discussion



For delayed decommissioning, the staff assumed that waste gener-
ated before the year 2001 would be shipped to a currently licensed
site and that waste generated during and after 2001 would be shipped
to a regional site. The currently licensed site was assumed to be the
facility operated by U.S. Ecology near Richland, Washington. An
unspecified site 250 miles (400 kilometers) from the plant was assumed
for the regional disposal site, as discussed in Section 2.3.5. The
impact of the waste after disposal at either of these sites is con-
sidered to be outside the scope of this supplement and is the subject
of a separate licensing action in connection with the waste disposal
sites.

It is possible that some of the waste generated could exceed
Class C limits, in which case it could not. be accepted by a licensed
burial site. The licensee, however, has a unique agreement with the
U.S. Department of Energy that allows such wastes to be transferred to
the DOE on a cost-reimbursement basis. (It is under this agreement,
known as the Memorandum of Understanding,® that the fuel is being
transferred to the DOE Idaho Falls site.)

The environmental impact of transporting waste generated during
delayed decommissioning was estimated by assuming that the Class A
waste was packaged in 217-cubic-foot (6.l-cubic-meter) containers with
shielding that was equivalent to 2.7 inches (6.9 centimeters) of lead.
All other waste was assumed to be Class C and transported in l4-cubic-
foot (4.0-cubic-meter) casks, which provide the equivalent of
4.5 inches (11 centimeters) of lead. Casks with these dimensions are
currently licensed for such use and are also licensed for shipment of
Class B wastes. Table 3.11 summarizes the estimated number of ship-
ments of Class A waste and unspecified (Class A, B, or C) waste to the
Richland, Washington, site and the regional disposal site for delayed
decommissioning with 23 years, 5 years, or 33 years of PDMS. For the
purposes of estimating impacts, it was assumed that the unspecified
waste would all be Class C waste.

The methodology for the assessment of shipping impacts 1is
described in Appendix F. Table 3.12 provides a summary of shipping
impacts for delayed decommissioning assuming PDMS periods of 23 years,
5 years, and 33 years. Shipping impact estimates are given as total
population dose and truck crew dose resulting from transportation to
disposal sites; number of traffic accidents, injuries, and fatalities;
population dose from transportation accidents: and transportation
costs.

(a) Memorandum of Understanding Between the U.S. Nuclear Regulatory
Commission and the U.S. Department of Energy Concerning the
Removal and Disposition of Solid Nuclear Wastes from Cleanup of
the Three Mile Island Unit 2 Nuclear Plant, March 15, 1982.
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TABLE 3.11. Estimated Number of Waste Shipments for Delayed

Decommissioning®
Number of Shipments
PDMS Period Richland, WA Regional Disposal Site

23-year PDMS

Class A 2 to 6 : 2 to 6

Unspecified waste® ~ltoéb 1 to 8
5-year PDMS -

Class A 1l to &4 R

Unspecified waste® 1 to 3 ---0
33-year PDMS

Class A 2 to 6 3 to 11

Unspecified waste® 1l to 6 1 to 14

(a) Does not include shipments during decommissioning.

(b) Unspecified waste was considered to be Class C waste.

(¢) A regional disposal site is not expected to be available °
during delayed cleanup with a 5-year period of PDMS.

] . .

Transportation of this waste would result in the exposure of some
members of the public to a very low radiation dose. The principally
exposed group would be the truck crews; however, others would also be
exposed, such as those present at truck stops, travelers on the high-
ways, and residents along the highways. The total transportation dose
for delayed decommissioning with a 23-year storage period, excluding
the dose from accidents that may occur during shipments, is expected
to be 0.5 to 2.4 person-rem. The truck crews would receive the great-
est portion of this dose, 0.3 to 1.6 person-rem.

As with transportation of any materials, there is a possibility
that incidents during transportation may result in traffic accidents
with or without injuries or fatalities. The estimated number of traf-
fic accidents that might occur during the entire shipping program for
delayed decommissioning with a 23-year storage period was 0.02 to 0.1
(the probability of an accident during the entire shipping program is
between approximately 2 and 10 chances in 100), depending on the final
waste volume. The staff estimated the number of injuries occurring
during this shipping program at about 0.02 to 0.08 (the probability of
an injury accident during the entire shipping program is between
approximately 2 and 8 chances in 100) and the number of fatalities at
about 0.001 to 0.006 (the probability of a fatal accident during the
entire shipping program is between approximately 1 and 6 chances in
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TABLE 3.12. Summary of Transpoftation Impacts for Delayed Decommissi_oningm

Population
) Dose from
: Dose Resulting from Transporation . : Traffic Accidents . . - - . Transportation Transportation
PDMS to Disposal Site, perscri-rem . Number of " Number of Number of Accidents, Costs,
Duration Total Population® Truck Crew Accidents - _Injuries Fatalities __person-rem ~ S millions
23-year 0.5 to 2.4 .0.2to 0.8 .0.3tol.6 0.02to0d.1 0.02 to 0.08 0.001 to 0.006 0.00003 to 0.0002 0.025 to 0.11

5-year 0.3 to 1.2 0.1 to 0.4 c.2

33-year 0.5 to 2.6 0.2 to 0.9 0.3

(a) Does not include transportation impacts
(b) Dose to persons who live or work in the
bystanders at truck stops.

to 0.8 0.01 to 0.05 0.0l to 0.04 0.001 to 0.004 0.00003 to 0.00008 0.014 to 0.047

to 1.7 0.03 to 0.1 0.02 to 0.09 0.001 to 0.007 0.00003 to 0.0002 0.027 to 0.12

associated with decommissioning. )
vicinity. of the highway, persons who travel on the highway used for shipments, and



1000). Appendix F provides additional details regarding the analysis
of transportation accidents.

There is also a small probability that accidents may be severe
enough to result in the breach of a waste container and release of
some of the waste. To determine the risk of radiation exposure from a
damaged waste container, the staff used a model that estimates the
population dose by multiplying accident frequencies (the expected
number- of accidents) by accident consequences. Using this methodol-
ogy, which is described more fully in Appendix F and the referenced
documents, the staff estimated that a dose of about 0.00003 to
0.0002 person-rem would result from accidents during shipment of all
the waste generated during delayed decommissioning with a 23-year
storage period. : ' '

The transportation costs are discussed in Section 3.1.6.

3.1.5 Socioeconomic Impacts_of Delayed Decommissioning

The direct socioeconomic impacts of delayed decommissioning were
evaluated. The basis for this evaluation is included in Appendix G.
The socioeconomic impacts of delayed decommissioning are expected to
be slight. The 1987-1988 work force of approximately 1150 would con-
tinue to be reduced, to a work force of 100 to 125 in the first year
of PDMS and of 70 to 75 during subsequent years. The l-year period of
preparations for decommissioning would be completed with a consider-
ably smaller staff than currently in use but larger than the PDMS
-staff. The staffing level for this phase would depend on the amount
of activity that would be deemed necessary to prepare the facility for
decommissioning.

Approximately 70 percent of the current work force resides in the
Harrisburg-Lebanon-Carlisle labor market (Cumberland, Dauphin,
Lebanon, and Perry Counties) and 25 percent in Lancaster County. In
these areas, the economic impact of the reduced labor force might be
most noticeable. Licensee-funded jobs in this area are expected to
support approximately half again the number of jobs in the surrounding
communities. However, because the reduction in employment at the
beginning of PDMS amounts to 0.2 percent of the local baseline
employment, the impact should be minor.

The annual labor cost for the 1988 staffing level is about
$57.5 million per year, which would be reduced to $5.0 million to
$6.3 million for the first year and $3.5 million to $3.8 million per
year during the remainder of PDMS. The impact on the total income of
the local communities is expected to be about twice the payroll level, =
$10 million to $13 million for the first year, about $7 million to
$8 million per year thereafter.
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3.1.6 Commitment of Resources During Delaved Decommissioning

- The principal resources committed in the delayed decommissioning
of TMI-2 will be money and radioactive burial ground space. Other
resources, such as energy and ion exchange resins, will be relatively
minor.

The cost of delayed decommissioning has been evaluated by the NRC
staff using 1988 dollars. The cost of delayed decommissioning for a
23-year period of PDMS is $92 million to $100 million, as presented in
Table 3.13. Table 3.13 also presents cost estimates for delayed
decommissioning assuming 5 years of PDMS ($29 million to $35 million)
and 33 years of PDMS ($130 million to $140 million). These estimates
include labor costs, waste transportation charges (Section 3.1.4), and
waste disposal costs.

Staffing levels and labor costs for the delayed decommissioning
proposal are discussed in Section 3.1.5. Uncertainties in the labor
cost are due to inflation, overhead costs, and uncertainties in staff-
ing requirements. The greatest uncertainty in the labor cost will be
the staffing required to complete the l-year period of decommissioning
preparations, as discussed in Section 3.1.5. The staff assumed that
the staffing level for the period of decommissioning preparations
would be approximately twice the level necessary during PDMS (approxi-
mately 140 to 150 workers), resulting in a labor cost of $7.0 million
to $7.5 million. A small additional cost may result from training
these workers before the l-year period of decommissioning prepara-
tions. However, this cost is not readily quantified.

TABLE 3.13. Projected. Cost of Delayed Decommissioning“)

Projected Cost for Lengths of PDMS,
$ million(b) i
Type of Cost 23-year 5-year 33-year

Labor Costs

Preparations for PDMS 3.2 to 6.3 3.2 to 6.3 3.2 to 6.3
First year of PDMS 5.0 to 6.3 5.0 to 6.3 5.0 to 6.3
‘Remaining years of PDMS 77 to 83 14 to 15 110 to 120
1 year of preparations 7.0 to 7.5 7.0 to 7.5 7.0 to 7.5
for decommissioning
Waste Disposal Costs
Pre~PDMS and ,PD%% waste '0.05 to 0.22 0.01 to 0.06 0.06 to 0.31 t
Post-PDMS wastel® 0.002 to 0.009 0.002 to 0.009 0.002 to 0.009

Waste Transportation Costs 0.025 to 0.11 0.014 to 0.047 0.027 to 0.12 .

Total(d) 92 to 100 29 to 35 130 to 140

(a) Does not include cost of decommissioning.

(b) In 1988 dollars. '

(c) Waste generated during the l-year period of decommissioning preparations.
(d) The totals may not be exact because of rounding.
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The costs for both present and future low-level waste (LLW)
disposal are 1988 rates. The 1988 disposal charge is approximately
$50 per cubic foot ($1800 per cubic meter) plus surcharges for higher-
than-normal radiation dose rates or curie content.  -These rates were
raised approximately 18 percent from 1987 to 1988. Future rates are
highly uncertain, especially disposal rates at a regional repository.
Cost estimates might be too low if there is significant escalation in-
waste disposal requlrements for waste handllng and packaglng or waste
disposal costs. : :

The required LLW burial ground space is estimated ‘as. follows:
950 to 4600 cubic feet (27 to 130 cubic meters) for 23 years of stor-"
age; 310 to 1300 cubic feet (8.8 to 37 cubic meters) ‘for 5 years: of
storage; and 1300 to 6400 cubic feet (37 to 180 cublc meters) for‘
33 years of storage. . .

Waste disposal costs are related not only to waste volume  and
classification, about which there are uncertainties at. present, but
also to the technology used to dispose of the waste. Current waste’
disposal technology involves shallow land burial.: Many of the regions
are considering alternative technologies, such as disposal in concrete
bunkers and other engineered structures. ‘Such alternative technolo-
gies may be more costly. ' '

Waste transportation costs are also closely related. to the cost
of energy and the distance between the disposal site and the TMI site.
Accordingly, costs for transportation of waste to a regional site. will
be less than those for transportation to..the. currently ‘operated dis-
posal facility near Richland, Washington.

3.1.7 Regulatory Considerations of Delaved Decommissioning

There are no regulatory considerations that would prevent the
licensee from implementing long-term monitored storage of the facility
or from placing the facility in decommissioning at the completion of
the storage period. The PEIS supplement is part of the required eval-
uation necessary before the TMI-2 license can be amended. In addition
to preparing the supplement, which provides a review of the environ-
mental impacts of the licensee's proposal, the NRC staff is in the
process of rev1ew1ng the licensee's .safety analysis report on PDMS
(GPU 1988).

3.2 DELAYED CLEANUP (POST-DEFUELING MONITORED STORAGE FOLLOWED
BY COMPLETION OF CLEANUP)

Delayed cleanup, as currently envisioned by the NRC staff, is
described in Section 3.2.1. The offsite dose evaluation is discussed
in Section 3.2.2, the occupational dose estimates in Section 3.2.3,
the waste management impacts including those from transportation in
Section 3.2.4, the socioeconomic impacts in Section 3.2.5, commitment
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of resources in Section 3.2.6, and regulatory considerations in
Section 3.2.7.

3.2.1 Description of the Delayed .Cleanup Alternative

Delayed cleanup involves preparing the facility for storage,
maintaining the facility in monitored storage, and at the end of the
storage period completing the cleanup to the point that the dose rates
in the TMI-2 facility are similar to those in an undamaged reactor
facility at the end of its operating life. Thus, the alternative of
delayed cleanup is identical to the licensee's proposal described in
Section 3.1 except for those activities following the storage period.
The cleanup process after storage would complete the process of decon-
taminating the facility, removing residual fuel, and disposing of
radioactive wastes. The reactor would either be decommissioned or .
refurbished under a separate regulatory action not covered by the PEIS
or the supplements.

The NRC staff has primarily evaluated the environmental impact of
delayed cleanup based on a storage period of 23 years. However, the
impacts resulting from storage periods ranging from 5 to 33 years are
also evaluated and the results are presented as a range similar to
that presented for delayed decommissioning in Section 3.1.

3.2.1.1 Preparations for PDMS and PDMS

The status of TMI-2 systems during PDMS, preparations required
for PDMS, and the surveillance and maintenance activities occurring
during PDMS are the same as those during delayed decommissioning,
discussed in Sections 3.1.1.1, 3.1.1.2, and 3.1.1.3, respectively. .

;3.2.1.2 Cleanup Following -PDMS

For the delayed cleanup alternative, it is assumed that following
PDMS, the facility will be decontaminated to levels expected in an
undamaged reactor facility at the end of its operating life before
decommissioning or refurbishment begins. In addition, the following
conditions are assumed: (1) a full 4 years would be necessary for
cleanup and would include the time required to assemble a work force
and train them regarding facility conditions, (2) the development and
planning/stage for the ¢leanup processes would occur during the latter
years of the PDMS period, (3) modest advances in robotic technology
would have occurred during the intervening storage period, (4) radia-
tion dose rates would decrease during PDMS because of radioactive
decay, and (5) a regional repository within 250 miles (400 kilometers)
of the site would be available to accept the waste following storage
periods that were longer than 10 years.

To progress from conditions at the end of defueling to the

completion of cleanup will require additional decontamination of the
reactor coolant system and the reactor building, including shipment
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and disposal of the resultlng waste. Some additional work will be
required in the AFHB, although by the time defueling is completed,
radiation dose rates in many areas will generally be at the level of
those in an undamaged reactor facility at the end of its operating
life, as discussed in Section 2.1. The NRC staff has considered the
principal activities during cleanup following PDMS to include further
decontamination of the reactor coolant system and general cleanup of
the reactor building, especially the basement and the D-ring areas. A
description of the reactor coolant system cleanup and the decontami-
nation of the reactor building follows ' ‘

Reactor Coolant System Cleanup. The selection of methods and
processes for additional reactor coolant system decontamination is
expected to depend on the technology available, the results of current
measurements and those in the latter years of PDMS, and the future
disposition of the facility. :

I

A discussion of possible methods for the decontamination of the
reactor coolant system componénts is found in the PEIS. (NRC 1981) and
Supplement 1 (NRC 1984). For the purpose of this evaluation, it is 5
assumed that the reactor coolant system decontamination would involve
some mechanical decontamination, followed by a general chemical decon-
tamination.. Mechanical decontamination would be performéd in acces-
sible areas such as the steam generator channel heads and pressurizer;
it could involve vacuuming and the use of slightly abrasive methods’
such as grit blasting. Some use would probably be made of shielded
work areas, long-handled tools, and power tools, although'robOtiés
- could possibly be used for specific tasks. ) '

Chemical decontamlnatlon methods are assumed to requlre placlng
the head or some other cover on the reactor vessel, filling the reac-
tor coolant system with aqueous solutions, and circulating those solu-
tions for a period of time with continuous filtration and chemical
treatment to remove contamination. Various modifications to the reac-
tor coolant system would be made to introduce and remove solutions.
Valve lineups would be verified before beginning decontamination.
Post-decontamination radiation surveys would also be performed. The
NRC staff has assumed that solutions would be processed in a modified,
" shielded area of the AFHB and solidified for offsite disposal. Chemi-
-cal decontamination is discussed further in Chapter 6 of the PEIS (NRC
1981) and Section 2.1.3 of Supplement 1 (NRC 1984).

- Although-the exact decontamination process has not yet been
defined, the NRC staff has assumed that such a procedure would reduce
radiation dose rates from reactor coolant system components to levels
that are typical of an undamaged reactor facility at the end of its
operating life. Any highly radioactive spots left by the mechanical
and chemical decontamination methods would be removed by cutting out
the pipe or component to complete cleanup.



Reactor Building Cleanup. The current general area dose rates on
the 305-foot elevation and the 347-foot elevation (see Section 2.1.1)
indicate that some additional decontamination work would probably be
required at these locations. In addition, the temporary shielding
around equipment, such as the air coolers, ducts, floor hatches, lower
section of the open stairwell, and the polar crane operator station,
would need to be removed and additional decontamination and/or equip-
"ment removal performed. Electrical cables and trays, piping supports,
and overhead structures are also expected to require decontamination
or removal.

v

The most difficult area in the reactor building to decontaminate
would be the basement and the D-ring areas. Cleanup of the basement
is expected to require the removal of the concrete-block stairwell/
elevator structure. This structure is reinforced with metal and would
require aggressive methods to dismantle. It is expected that a combi-
nation of techniques, including robotic application of high-pressure
water, water-air, or water-abrasive mixtures, might be used to dis-
mantle sections of the structure. A plasma arc torch might also be
adapted for robotic application. If robotics were not available to
accomplish all demolition tasks, those tasks would be left until most
of the contaminated material was removed, and shielding would be
placed so that workers could perform the tasks with long-handled
tools. The handling and removal of the waste resulting from demoli-
tion would require considerable worker time in the building. Workers
would also be required to raise, lower, maintain, and modify the
robots. Some spread of airborne contamination might result ffqm
demolition of the stairwell; additional building cleanup following
dismantlement of the stairwell would probably be required.

The basement still contains debris such as' tool boxes and con-
struction materials that would require removal. Removal of this
debris, as well as removal of insulation, equipment, and electrical
boxes in the basement, could be performed robotically. Although
packaging the waste and attaching the hoisting equipment using the
robots may be slow, these methods would probably be used for most of
the more highly contaminated material in conjunction with conventional
dose reduction methods such as the use of long-handled tools and
shield walls. Some manual handling during packaging operations on the
upper elevations would be required. New access hatches could be cut
through the floor on the 305-foot elevation. Once radiation dose
rates were sufficiently low to permit entry into the basement, addi-
tional radiation surveys would be performed and the remaining sources
of contamination, which might be inaccessible using the robots, could
be removed using manual methods.

Decontamination of the D-ring areas would also be necessary. As
discussed in Section 2.1.1, the activity in the D-rings appears to be
in the form of salt and/or mineral deposits, highly contaminated coat-
ings, and corrosion products bound to the equipment surfaces. In
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i
order to decontaminate the equipment surfaces, the remaining insula-
tion would be removed and packaged as radioactive waste. The exposed
surfaces of the reactor coolant system pieces and components could be
cleaned by high pressure water flushing. More aggressive techniques
might also be required, including ultra-high-pressure water flush or
abrasive blasting of components and scabbling of concrete surfaces.
It is also quite likely that removal of some of the reactor coolant
system components and/or a55001ated plplng would be necessary to com-
pletely clean the D-ring areas. :

3.2.2 Offsite Dose Evaluation’for DeléVed CleanuD

The evaluation of radiation dose to the offsite populatlon as a
result of the delayed cleanup alternative includes an assessment of
the dose from.routine atmospheric releases, routine liquid releases,
accidental atmospheric releases, and accidental liquid releases of
radioactive material.

3.2.2.1 Routine Atmospheric Releaées-

The magnitude and impact of routine atmospherlc releases of
radioactive material will vary dependlng on the stage of the cleanup
These stages, as described in Section 3.2.1, include preparations for
PDMS, PDMS, and cleanup following PDMS. Table 3.14 shows the 50-year
dose commitments to the maximally exposed member of the public, to the
total population within a 50-mile (80-kilometer) radius of the TMI-2
site, and to the population outside the 50-mile (80-kilometer) radius
as a result of routine atmospheric releases during the three stages of
delayed cleanup. The dose commitments to the maximally exposed member
of the public and to the population within the 50-mile (80-kilometer)
radius result from external exposure, inhalation, and the consumption
of food products, as discussed in Section 3.1.2.1. The dose tommit-
ment to the population outside the 50-mile (80-kilometer) radius
results from external exposure,. inhalation, and the consumption of
food products exported from within the 50-mile (80-kilometer) radius.

The 50-year dose commitments shown in Table 3.14 were estimated
for a storage period of 23 years, as well as for storage periods of 5
and 33 years. In addition, the dose commitments were also estimated
for a 4-year period of cleanup following a 23-year storage period and
4-year periods following storage periods of 5-and 33 years.

The specific assumptions that were used during the calculation of
the impacts for each of the stages during delayed cleanup are :
discussed in the following sections.

Preparations for PDMS. As explained in Section 3.1.2.1, the
preparations to place the TMI-2 facility into PDMS are expected to
take place concurrent with the completion of defueling. These ,
activities are not expected to increase the amount of airborne contam-
ination. Thus, the routine releases that would be expected to result

1
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TABLE 3.14. 50-Year Dose Commitments from Routine Atmospheric Releases Resulting
_from Delayed Cleanup®
Dose to
Maximally Exposed
Stages of Duration, Dose Offsite Individual, Population Size,’
Delaved Cleanup vears Location mrem millions
PDMS 1 Bone 0.001 2.5
Preparations Total body 0.0001
PDMS 23 Bone 23 2.5 to 3.3
Total body 1.9
5 Bone 6 2.5 to 2.7
Total body 0.5
33 Bone - 30 2.5 to*3.7
Total body 2.6
Cleanup 4, Bone 1.2 3.3
following Total body 0.03
23-yr PDMS
4, Bone 2.1 2.7
following Total body 0.05
5-yr PDMS
4, - . Bone 1.0 3.7
following Total body 0.03
33-yr PDMS

(a) Does not include dose associated with decommissioning or refurbishment.
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from preparations to place the facility in PDMS would not be distin-
guishable from releases expected during the final stage of defueling
or from releases currently occurring, except as discussed in
Section 3.1.2.1.

During PDMS. Routine atmospheric releases of radionuclides
during PDMS are expected to be the same as those described in Sec-
tion 3.1.2.1 for PDMS during delayed decommissioning.

Cleanup Following PDMS. The routine airborne releases during
cleanup following PDMS are expected to be similar to those occurring
during the defueling period. However, aggressive decontamination
efforts that might occur during certain cleanup activities could
result in an increased release of radioactive material. Aggressive
decontamination includes mechanical decontamination operations such as
those that would likely occur in the basement during the decontami-
nation or removal of the concrete-block stairwell/elevator structure.
These operations might increase the amount of activity in the reactor
building atmosphere, thus increasing the amount of activity released
from the facility. However, 23 years of radioactive decay would have
reduced the amount of radioactive material in the facility and some
isotopes would have decayed to negligible amounts. In addition,
improved techniques and equipment would likely be available for
decontamination work to further reduce the potential for ‘airborne
contamination.

To estimate radionuclide releases into the atmosphere during the
cleanup period following PDMS, the staff assumed that some of the
radionuclides in the reactor building would become airborne during
decontamination processes and a fraction of these radionuclides would
escape into the atmosphere through the double-stage, HEPA-filtered
ventilation system. To ensure a conservative approach to calculating
the offsite radiation dose from the cleanup period following PDMS,
airborne effluents were based on a release rate two orders of magni-
tude (100 times) larger than the average annual release rates during
the present cleanup effort shown in Table 3.5 for particulates (uni-
dentified beta/gamma, cesium, and alpha). These release rates were
assumed for the period of time that the aggressive decontamination.
operations were occurring. It is conservatively assumed that these
operations occur over a cumulative period of 1l-year duration. During
the remaining time, airborne effluent releases are assumed to be of
the same magnitude as the rates shown in Table 3.5 which are compa-
rable to the present rate of release. However, both release rates
would be reduced to account for 23 years of radioactive decay. The
quantity of each radionuclide assumed to be available for suspension

3.42



in the reactor building® was used to determine the quantity released
from the facility by scaling to the appropriate particulate release
rate. The annual release rates calculated for atmospheric releases
during cleanup following a 23-year PDMS are shown in Table D.8 of
Appendix D.

3.2.2.2. Routine Liquid Releases

The magnitude and impact of routine liquid releases of radio-
active material will also vary depending on the stage of delayed
cleanup. Table 3.15 shows the 50-year dose commitment to the maxi-
mally exposed member of the public, to the total population within a
50-mile (80-kilometer) radius of the TMI-2 site, and to the population
outside the 50-mile (80-kilometer) radius as a result of routine
liquid releases during the three stages of delayed cleanup. The dose
pathways to the maximally exposed individual and to the offsite popu-
lations include the drinking of Susquehanna River water, consumption
of fish inhabiting the river, participation in rivershore activities,
and consumption of shellfish from the Chesapeake Bay, as described in
Section 3.1.2.2. The dose to the population outside the 50-mile
(80-kilometer) radius is attributed solely to the consumption of
Chesapeake Bay shellfish.

The 50-year dose commitments are also estimated for storage
periods of 5 and 33 years, as shown in Table 3.15. 1In addition, the
dose commitments were estimated for a 4-year cleanup period following
a 23-year storage period and 4-year cleanup periods following storage
periods of 5 and 33 years.

The specific assumptions that were used during the calculation of
the impacts for each of the stages during delayed cleanup are dis-
cussed in the following sections.

Preparations for PDMS.! As explained in Section 3.1.2.2, the
preparations to place the TMI-2 facility into PDMS are expected to
take place concurrently with the completion of defueling. These prep-
arations are not expected to increase the amount of waterborne con-
tamination. Thus, the routine releases that would be expected to
result from preparations to place the facility in PDMS would not be
distinguishable from releases expected during the final stage of

(a) Quantities available for resuspension include 10 percent of the
activation products, 10 percent of the fuel debris distributed
throughout the piping of the reactor coolant system during decon-
tamination of the reactor coolant system, and 100 percent of the
radionuclides dispersed throughout the facility (and mostly found
in the reactor building basement and D-ring areas), including the
7.1 pounds (3.2 kilograms) of fuel assumed to remain on the
reactor building basement floor. '
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TABLE 3.15. 50-Year Dose Commitments from Routine Liquid Releases
' Resulting from Delayed Cleanup®

Dose to Maximally

Exposed Offsite Individual Popﬁlation Within 50-Mile Radius of TMI-2 Dose to Population
Susquehanna River Outside 50-Mile
Susquehanna River Water, Fish, Chesapeake Bay - Radius of TMI-2
Stages of Water, Fish, Chesapeake Bay Activities Shellfish from Chesapeake Bay
Delayed Duration, Dose Activities, Shellfish, Population, Dose, Population, Dose, Shellfish,
Decommissioning __years Location mrem mrem thousands person-rem millions person-rem person-rem
PDMS 1 Bone 0.001 0.00009 - 340 0.02 2.5 0.0002 . 0.04
Preparations Total body 0.0003 0.000003 0.0003 0.000006 0.001
PDMS . 23 Bone 0.02 ) 0.0003 ) 350 to 460 0.06 2.5 to 3.3 0.001 0.2
: Total body 0.02 0.00005 0.007 0.0002 0.02 R
5 Bone 0.005 0.00009 350 to 370 0.02 2.5 to 2.7 0.0002 0.04
Total body 0.004 0.00001 o 0.001 0.00002 0.004
33 Bone 0.03 0.0004 350 to 510 0.09 Z.SAtd 3.7 0.002 ' 0.3
Total body 0.03 0.00007 0.01 0.0003 0.04
Cleanup . 4, Bone 0.2 0.006 460 1.3° 3.3 0.03 3.7
following Total body 0.1 0.0004 0.07 0.002 - 0.2
23-yr PDMS '
4, ' Bone - 0.2 ~0.006 370 1.1 2.7 0.02 2.9
following Total body 0.1 0.0004 0.06 o 0.001 0.2
5-yr PDMS :
o4, Bone 0.2 \ 0.006 510 1.4 3.7 0.04 5.2
following Total body 0.1 0.0004 . 0.08 0.003 0.3

33-yr PDMS

(a) Does not include dose as§9ciated with decommissioning or refurbishment.



defueling or from releases currently occurring, except as discussed in
Section 3.1.2.2.

During PDMS. Routine liquid releases of radionuclides during
PDMS are expected to be the same as those described in Sec-
tion 3.1.2.2. The methodology used to calculate the liquid release
rates is identical to that given in Section 3.1.2.2. The annual
liquid release rates calculated for PDMS are the same as those shown
in Table D.3 of Appendix D.

Cleanup Following PDMS. Liquid releases to the Susquehanna River
will also occur during the 4-year period expected for the cleanup fol-
lowing PDMS. The liquids will be composed largely of water used for
decontamination: from the flushing and decontamination of the reactor
coolant system and the reactor coolant drain tank, and from the
removal of contamination from other areas of the facility. Liquids
that are not directly releasable pursuant to 10 CFR 20, Appendix B,
Table II, Column 2 (CFR 1988a), and the licensee's technical speci-
fications would be processed through the EPICOR II system. Maximum
releases of 250,000 gallons (950,000 liters) per year were assumed,
based on information given in the PEIS. The concentration of radio-
nuclides in any liquids directly releasable would be equal to or less
than the limits specified in 10 CFR 20, Appendix B, Table II, Column 2
(CFR 1988a). Liquids released following processing through the
EPICOR II system would have radionuclide concentrations below the
10 CFR 20 limits. The amount of radioactive material assumed to be
released as liquid during cleanup following PDMS was estimated using
the same methodology given for routine liquid releases during PDMS.
Radionuclides associated with both dispersed isotopes and fuel debris
were considered (see Table 2.4). The decay of radionuclides during
PDMS was accounted for in the calculations. The amount of radioactive
material calculated to be released annually in liquid releases during
cleanup following PDMS is shown in Table D.9 of Appendix D.

3.2.2.3 Accidental Atmospheric Releases

The potential for each of the three accidents listed in Sec-
tion 3.1.2.3 to result in an airborne release of radionuclides was
evaluated for each stage of the delayed cleanup alternative. If the
potential existed for a specific accident, the impact of the accident
on the offsite populations was evaluated quantitatively.

Table 3.16 shows the results of this evaluation. The table

lists the 50-year dose commitments to the maximally exposed member of
the public, to the total population within a 50-mile (80-kilometer)
radius of the TMI-2 site, and to the population outside the 50-mile
(80-kilometer) radius as a result of accidental atmospheric releases
during each stage of the delayed cleanup where there was a potential
for an accident. The dose commitments to the maximally exposed member
of the public and to the population within the 50-mile (80-kilometer)
radius result from external exposure, inhalation, and the consumption
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TABLE 3.16. 50-Year Dose Commitments from Accidental Atmospheric Releases .
During Delayed Cleanup®

Dose to Population Within Dose to Popuiation
Maximally Exposed 50-Mile Radius of TMI-2 Outside 50-Mile
Stages of DoseA Offsite Individual, Population. Size, Dose, . Radius of TMI-2,
Delayed Cleanup Accident Description : Locatipn ! mrem millions . ‘person-rem person-rem
PDMS Fire in stairwell "Bome . ... 13 ) ' 2.5 0.8 © 0.1
“(start of PDMS) Total body 1.6 0.4 0.04
Cleanup . Fire in stairwell
following 23-yr PDMS  Bone 0.07 3.3 . 0.009 0.0001
Total body 0.008 i ) 0.006 0.0001
. :ollowing S-yf PDMS Bone 0.08 2.7 0.007 0.001
Total body 0.02 . 0.004 0.0004
following 33-yr PDMS Bone . 0.06 3.7 0.008 . . - 0.0001
Total body 0.006 . o ) ©0.005° <0.00001
HEPA filter failure ) —
following 23-yr PDMS  Bone : 89 3.3 9.7 . 0.3
Total body X .9.7 o I . - 6.9 © 0.1
: following 5-yr PDMS Bone <. 140 : ' 2.7 7.7 1.4
Total body 15 4.8 0.5
following 33-yr PDMS ° . Bone 70 3.7 8.3 . 0.1
~Total body 8.1 o 6.0 o <0.01
Decontamination liquid )
spill ) . o~
following 23-yr PDMS . Bone ) 0.2 3.3 ) . 0.08 0.001
Total body 0.006 o 0.004 © <0.,00001
following S-yr PDMS Bone o 0.4 ' 2.7 0.04 - 0.002
Total body 0.008 0.002 0.0001
following 33-yr PDMS Bone 0.2 : 3.7 0.09 <0.0001
Total body 0.005 ) 0.005 - <0.00001

(a) Doeés not include dose associated with accidents during decbmmissioning or refurbishment. .



of food products, as discussed in Section 3.1.2.1. The dose commit-
ment to the population outside the 50-mi1e (80-kilometer) radius
results from external exposure, inhalation, and the consumption of
food products exported from within the 50-mile (80-kilometer) radius.

Accidents occurring during preparations for PDMS are similar to
those evaluated in the PEIS and are not evaluated further in this sup-
plement. Accidents occurring during PDMS were conservatively assumed
to occur early in the storage period. Thus, the dose commitments
shown in Table 3.16 apply to storage periods of varying lengths. Dose
commitments estimated for accidents during cleanup following PDMS,
however, were estimated for the 4-year period following a 23-year
storage period, as well as for the 4-year period following storage
periods of 5 and 33 years.

The specific assumptions used to determine the potential for each
of the accidents listed in Section 3.1.2.3 during the stages of
delayed cleanup and the assumptions used to quantify the impact from
the potential accidental atmospheric releases are discussed in the
following sections.

Preparations for PDMS. The potential for accidental atmospheric
releases during preparations for PDMS is expected to be similar to or
less than the accident potential during the latter stages of defuel-
ing, which was evaluated in the PEIS. The préparations to place TMI-2
into PDMS are similar to and are combined with the current cleanup
activities. They are not expected to increase the potential for
releasing airborne contamination even if an accident should occur.

" During PDMS. The potential for accidental atmospheric releases
was evaluated for PDMS as discussed in Section 3.1.2.3 for PDMS during
delayed decommissioning. The same potential and the same impacts
exist for accidental atmospheric releases during PDMS in delayed
cleanup. The fire in the stairwell/elevator structure was identified
as the only accident that could occur during PDMS that would credibly
result in an atmospheric release of radionuclides.

Cleanup Following PDMS. All three of the potential accidents
resulting in atmospheric releases that are identified and listed in
Section 3.1.2.3 could result in atmospheric releases during cleanup
following PDMS. The analysis of the potential impact from a fire in
the stairwell/elevator structure was based on the same assumptions as
those given in Section 3.1.2.3 for preparations for decommissioning in
the licensee's proposal for delayed decommissioning:

As explained in Section 3.1.2.3, HEPA filters may fail because of
physical damage such as puncture, because of extreme pressure differ-
entials, and because of water damage over a long period of time. For
this reason, periodic in-place testing is required; however, for the
purposes of accident analysis, the failure of both stages of a double-
stage HEPA filter (a very low probability) was assumed to occur at the
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most critical time during the cleanup process, when the largest amount
of airborne contamination would be present in the reactor building.
This was assumed to be during demolition of the stairwell/elevator
structure. Although it is expected that precautions would be taken to
minimize airborne contamination, a fraction of the radionuclide inven-
tory (0.0l percent) was assumed for this analysis to become uniformly
dispersed in the reactor building air. A failure of the HEPA filters
in one of the ventilation trains would be discovered because of the
increased radiation levels recorded by the ventilation stack monitor
and the ventilation would be closed off or diverted to the other
ventilation train. However, assuming a maximum ventilation rate of
25,000 cubic feet per minute (710 cubic meters per minute) and a
10-minute interval between failure and corrective action, an estimated
250,000 cubic feet (7100 cubic meters) of air would have been venti-
lated with a fraction (0.125) of the airborne activity that would be
suspended in the reactor building. The maximum amount of radioactive
material calculated to be released during this type of accident is
shown in Table D.10 of Appendix D.

The consequences of an atmospheric release from an accidental
spill of decontamination solution from the reactor coolant system were
discussed in the PEIS. The consequences are reevaluated in this
report based on the quantity of radionuclides (activation products and
radionuclides associated with fuel debris) assumed to remain in the
reactor coolant system after the end of the PDMS period. For this
evaluation, it was assumed that during the decontamination process,

10 percent of the maximum possible amount of activity in the untreated
decontamination solution could be spilled before corrective action
~would be taken. Of this 10 percent, 0.1 percent of the spilled activ-
ity was assumed to become airborne. The fraction of the airborne
radioactive material that would penetrate the double-stage HEPA fil-
ters was conservatively assumed to be 0.0001. The amount of radio-
active material calculated to be released during this type of accident
is shown in Table D.1l1 of Appendix D.

3.2.2.4 Accidental Liquid Releases

The potential for accidents resulting in liquid releases of
radionuclides during delayed cleanup was evaluated. As discussed in
Section 3.1.2.4, the evaluated accident involved the rupture of a tank
containing liquid that had been treated at least partially to remove
radioactive material. The potential for this accident during the
three stages of delayed cleanup is discussed in the following sec-
tions. The impact of the accident was evaluated quantitatively for
the cleanup period following PDMS, the only stage of delayed cleanup
where the evaluation indicated that an accidental liquid release could
occur. ' '

Table 3.17 shows the 50-yéar dose commitments to the maximally
exposed member of the public, to.the total population within a 50-mile
(80-kilometer) radius of the TMI-2 site, and to the population outside
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the 50-mile (80-kilometer) radius as a result of accidental liquid
releases during each stage of delayed cleanup where there was a poten-
tial for an accident. The dose pathways to the maximally exposed
member of the public¢ and to the population within the 50-mile
(80-kilometer) radius include the drinking of Susquehanna River water,
consumption of fish taken from the river, participation in rivershore
activities, and consumption of shellfish from the Chesapeake Bay, as
described in Section 3.1.2.2. The dose commitment to the population
outside the 50-mile (80-kilometer) radius is attributed solely to the
consumption of Chesapeake Bay shellfish.

The assumptions used to determine the potential for an accidental
liquid release of radionuclides during the stages of delayed cleanup
and those used to quantitatively evaluate the impact from an acci-
dental liquid release during the cleanup period following PDMS are
discussed in the following sections.

Preparations for PDMS. The potential for accidental liquid
releases during preparations for PDMS is expected to be similar to or
less than the accident potential during the latter stages of defuel-
ing, which was evaluated in the PEIS and is not evaluated further in
this supplement. The preparations to place the TMI-2 facility into
PDMS are similar to and are combined with the current cleanup activ-
ities. They are not expected to increase the potential for releasing
waterborne contamination even if an accident should occur.

During PDMS. No credible accidents that would result in a liquid
release during the transfer or processing. of liquids accumulated dur-
ing the PDMS period were identified, as discussed in Section 3.1.2.4.

Cleanup Following PDMS. 1In evaluating this alternative, the
staff assumed that during the cleanup any liquids not directly releas-
able pursuant to 10 CFR 20, Appendix B, Table II, Column 2 (CFR 1988a)
and the licensee's technical specification limits would be processed
through the EPICOR II system before being released. However, it is
possible that under some circumstances large quantities of water would
be stored in an outside 11,000-gallon (42,000-liter) storage tank
before being released. Although this water would have been processed
before being placed in the storage tank, the accident analysis pre-
sented here assumes that partially processed water (e.g., water that
had been ‘processed through a spent resin column) is placed in an
11,000-gallon (42,000-liter) storage tank while awaiting sampling
analysis. The assumed pathway for an accidental waterborne release
involves the rupture of the storage tank with the entire inventory
released to the Susquehanna River. 1In Supplement 2 a similar accident
was evaluated, assuming that the entire inventory of the tank spilled
directly into the river, even though it was considered unlikely that
more than a few thousand gallons would reach the Susquehanna River via
normal runoff channels. The concentration of each radionuclide that
could be in the water (based on the list of radionuclides in
Table 2.4) was conservatively estimated to be comparable to the
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TABLE 3.17. 50-Year Dose Commitments from Accidental Liquid Releases
' During Cleanup Phase of Delayed Cleanup®

Dose to Maximally

Exposed Offsite Individual Population Within 50-Mile Radius of TMI-2 - Dose to Population
: Susquehanna River Outside 50~Mile
Susquehanna River : Water, Fish, . Chesapeake Bay . Radius of TMI-2
Water, Fish, Chesapeake Bay Activities . : Shellfish from Chesapeake Bay
Dose Activities, Shellfish, Population, - 'Dose,_ Population, -'Dose, Shellfish,
Accident Dgscription Location mrem mrem thousands = person-rem _millions person-rem persgon-rem
Storage tank rupture Bone ; 0.002 0.0001 . 460 ' 0.03 3.3 0.0008 - 0.1
during cleanup Total body -0.0003 0.000008 . . 0.0006 ) Co 0.00005 0.007
following 23-year ' : : ’ '
PDMS
Storage tank rupture Bone 0.002 0.0001 370 0.02 2.7 0.0003 0.07
during cleanup Total body 0.0003 0.000008 0.0004 . 0.00002
following 5-year
PDMS
Storage tank rupture Bone 0.002 0.0001 510 0.03 3.7 0.001 0.1
during cleanup Total body 0.0003 0.000008 . 0.0007 ' - 0.00006 0.008

following 33-year
PDMS

(a) Does not include

dose associated with accidents during decommissioning or refurbishment.



concentration given in Table 2.2 of Supplement 2(®) (for the case where
40 percent of the total stored accident-generated water had been
processed). The lower limit of detection was assumed for those radio-
nuclides not detected in the accident-generated water. ' The amount of
radioactive material calculated to be released during this accident is
shown in Table D.12 of Appendix D.

3.2.3 Occupational Radiation Dose Evaluation for Delayed Cleanup

The occupational radiation dose from placing the TMI-2 facility
in PDMS, maintaining PDMS for 23 years, and then completing cleanup is
estimated to be 1500 to 4000 person-rem, as shown in Table 3.18.

Table 3.18 also presents occupational dose estimates -assuming 5 years
of PDMS (3300 to 8400 person-rem) and 33 years of PDMS (1300 to

3300 person-rem). These doses are in addition to the occupational
dose already received and the dose required to complete defueling.

The occupational dose estimates are higher for shorter periods of PDMS
because (1) the labor-intensive post-PDMS cleanup activities would be
performed under higher exposure rates and (2) it is llkely that
robotic technology would be less developed.

TABLE 3.18. Occupational Radiation Dose Estimate for Delayed

Cleanup(@
Occupational Dose, person-rem
Task Description 23-year PDMS 5-year PDMS 33-year PDMS

Pre-PDMS preparation : 2.0 to 20 2.0 to 20 2.0.to 20
Maintenance of facility in PDMS(b 74 to 190 20 to 50 . 95 to 240
AFfIB cleanup ' 12 to 30 58 to 120 9.3 to 23
Reactor coolant system decontamination 16 to 410 47 to 820 13 to 330
Reactor building basement general cleanup 310 to 680 600 to 1300 250 to 540
Reactor building cubicle cleanup 250 to 560 570 to 1300 200 to 440
Reactor building blockwall removal 11 to 230 70 to 540 8.9 to 190
D-ring dose reduction 110 to 230 320 to 690 84 to 180
D-ring final decontamination 170 to 360 330 to 730 130 to 280
Dome and polar crane decontamination 3.0 to 5.9 8.9 to 18 2.3 to 4.7
Reactor building 347-foot elevation

cleanup 53 to 120 160 to 360 42 to 98
Reactor building 305-foot elevation

cleanup 83 to 180 250 to 560 65 to 140
Engineering support . 24 to 59 53 to 120 19 to 47
Realth physics support 200 to 570 480 to 1300 160 to 450
Radioactive waste handling 210 to 330 329 _to 490 170 to_260
Total(c) 1500 to 4000 3300 to 8400 1300 to 3300

(a) Does not include dose associated with decommissioning or refurbishment.

(b) Does not include the dose to make inspections and evaluations in order to plan post-PDMS
work.

(c) The totals may not be exact because of rounding.

(a) Except for the concentration of tritium, which during the cleanup
following PDMS would be greatly reduced from the amount present
in the accident-generated water (as given in Table 2.4 of Supple-
ment 2).
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» ~The estimates presented in Table 3.18 are based on a task-by-task

analysis of the work to be done. They are presented as ranges of val-
ues because of the uncertainties in the cleanup process and the tech-
nology that will be available when post-storage cleanup is performed.
The range of values occurs because of uncertainties in the location
and depth of penetration of the contamination, the robotic technology
that will be available, and the approach to cleanup that will be
taken. For example, it is not known if workers would need to enter
the basement during decontamination, and if waste would have to be
manually packaged when removed from the basement. A discussion of the
methodology used to calculate the occupational doses is found in
Appendix H. o ‘ :

The estimates are somewhat lower than the .estimates given in Sup-
plement 1 to the PEIS for delayed cleanup involving an interim moni-
tored storage phase. The principal reason is that the estimates in
Supplement 1 did not include as extensive a use of robotics as now
appears likely. However, robotics currently are being used effec-
tively by the licensee in desludging and scabbling the basement; their
use following PDMS is considered likely. '

/ N

3.2.4 Waste Management Considerations of Delayed Gleanup

The quantity, radiation level, and classification of waste that
would be produced by delayed cleanup have been evaluated on the basis
of current regulatory requirements. Preparations for PDMS would gen-
" erate additional compacted, dry radioactive waste, which would be
Class A or B waste, as defined by 10 CFR 61 (CFR 1988a) (see Sec-
tion 2.3.2 and Appendix F for a discussion of waste classification).
The estimated ratio of Class A to Class B waste would be approximately
20:1. Maintenance of the reactor in the PDMS configuration could
generate waste consisting of HEPA filters and disposable protective
clothing. Treatment of water and decontamination solutions would
generate additional waste that could be Class A, B, or C. However,
the quantities would be rather small and it is expected that they
would be stored onsite until a sufficient volume is generated to make
a full shipment. Table 3.19 shows the estimated range of quantities
of waste expected to be generated during preparations for PDMS and
during PDMS periods of 23, 5, and 33 years. '

Cleanup activities following PDMS will generate waste from a
number of processes; including decontamination of the reactor coolant
system, removal of contaminated portions of the reactor vessel head
and control rod drive mechanisms, removal of the stairwell and
elevator shaft in the basement, and removal of temporary shielding
that has been placed in the reactor building. These activities will
also generate secondary waste consisting of disposable protective
clothing, tools, etc. The estimated volumes and classes of waste that
would be generated during final cleanup following PDMS are shown in
Table 3.20.
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TABLE 3.19.

Waste Volume Estimates for PDMS Preparations and PDMS

During Delayed Cleanup

()

Total Waste Volume

33~year PDMS

due from liquid
waste treatment

3.4 to 13

(a) Does not include waste volumes associated with decommissioning or refurbishment.

(b) Waste is classified according to 10 CFR 61 (CFR 1988a) criteria.

See discussion in Section 2.3.2.

23-year PDMS 5-year PDMS
Class of Waste® £t3 m’ £t3 m® £t3 m’
" Preparations for PDMS
Class A or B 100 to 200 2.8 to 5.7 100 to 200 2.8 to 5.7 100 to 200 2.8 to 5.7
PDMS

Class A dry radioac- "690 to 2300 20 to 65 150 to 500 4.3 to 14 990 to 3300 28 to 93
tive waste '

Class B or C air 0 to 1400 0 to 41 0 to 310 0 to 8.8 0 to 2100 0 to 58
filters

Class A, B, or C resi- 120 to 460 25 to 100 0.71 to 2.8 170 to 660 4.8 to 19




For delayed cleanup, the staff has assumed that waste generated
before the year 2001 would be disposed of at a currently licensed site
and waste generated during and after 2001 would be disposed of at a
regional site. The currently licensed site was assumed to be the
facility operated by U.S. Ecology near Richland, Washington. An
unspecified site 250 miles (400 kilometers) from the plant was assumed
for the regional disposal site, as discussed in Section 2.3.5. The
impact of the waste after disposal at either of these sites is con-
sidered to be outside the scope of this supplement and is the subject
of a separate licensing action in connectlon with the waste dlsposal
sites. :

It is possible that some of the waste generated could exceed
Class C limits, in which case it could not be accepted by a licensed
burial site. However, the licensee has a unique agreement with the
U.S. Department of Energy that allows such wastes to be transferred to
the DOE on a cost-reimbursement basis, as explained in Section 3.1.4.

The environmental impact of transporting waste generated during
delayed cleanup was estimated, assuming use of the waste containers
specified in Section 3.1.4. Table 3.21 summarizes the estimated num-
ber of shipments of Class A waste and unspecified (Class A, B, or C)
waste to the Richland, Washington, site ‘and the regional disposal site
for delayed cleanup with storage periods of 23, 5, and 33 years. For
the purposes of estimating impacts, it was assumed that the unspeci-
fied waste would all be Class C waste.

The methodology for assessing shlpplng 1mpacts is descrlbed in
Appendix F. Table 3.22 provides a summary of shlpplng impacts for
TABLE 3.20. Waste Volume Estimates for Cleanub’Following PDMS During

Delayed Cleanup®

23-year PDMS®
Total Waste Volume

Class of Waste® ft® ' m’
Class A ) 91,000 to 120,000 2,600 to 3,400
Class C 19,000 to 33,000 = 540 to 930
Class A, B, or C 9,600 to 29,000 270 to 810
Greater than Class C Some possible ‘ Some possible

(a) Does not include waste volumes associated with decommis-
sioning or refurbishment. A

(b) Waste volumes for delayed cleanup following 5 years and
33 years of PDMS are assumed to be the same.

(c) Waste is classified accordlng to 10-CFR. 61 (CFR 1988a)
criteria. See discussion in Section 2.3.2.
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TABLE 3.21. Estimated Number of Waste Shipments for Delayed

Cleanup@)
Number of Shipments
PDMS Period Richland, WA Regional Disposal Site

23-year PDMS

Class A 2 to 6 423 to 564

Unspecified waste(P) 1 to 6 202 to 444
5-year PDMS

Class A 422 to 561 : -

Unspecified waste(b) 202 to 439 -9

" 33-year PDMS
Class A 2 to 6 424 to 568
Unspecified waste(P) 1 to 6 202 to 450

(a) Does not include shipments during decommissioning.

(b) Unspecified waste was considered Class C waste.

(c) A regional disposal site is not expected to be available
during delayed cleanup with a 5-year period of PDMS.

delayed cleanup assuming 23, 5, or 33 years of PDMS. Shipping impact
estimates are given for total population dose and truck crew dose
resulting from transportation to disposal sites; number of traffic
accidents, injuries, and fatalities; the population dose from trans-
portation accidents; and transportation costs.

Transportation of this waste would result in the exposure of some
members of the public to a very low radiation dose. The principally
exposed group would be the truck crews; however, others would also be
exposed, such as those present at truck stops, travelers on the high-
ways, and residents along the highways. The total transportation dose
for delayed cleanup with a 23-year storage period, excluding the dose
from accidents that may occur during shipments, is expected to be 9.7
to 19 person-rem. The truck crews would receive the greatest portion
of this dose, 6.5 to 13 person-rem.

As with transportation of any materials, there is a possibility
that incidents during transportation may result in traffic accidents
with or without injuries or fatalities. The estimated number of traf-
fic accidents that might occur during the entire shipping program for
delayed cleanup with a 23-year storage period was 0.6 to 1.1, depend-
ing on the final waste volume. The staff estimated the number of
injuries occurring during this shipping program at about 0.3 to 0.6

3.55




96¢°¢

" TABLE 3.22. Summary of Transportation Impacts for Delayed Cleanup®

Population
Dose from
Dose Resulting from Transporation : Traffic Accidents Transportation Transportation

PDMS ] to Disposal Site, %erson-rem Number of Number of Number of Accidents, Costs,
Duration Total Population!S Truck Crew Accidents Injuries Fatalities __person-rem $ millions

23-year '9.7 to 19 3.2 to 6.3 6.5 to 13 0.6 to 1.1 0.3.to 0.6 0.03 to 0.05 0.0009 to 0.002 1.1 to 1.8
5-year 91 to 170 31 to 56 60 to 110 4.5t0 7.2 3.9 to 6.3 0.3 to 0.5 0.005 to 0.01 4.2 to 6.8
33-year 9.7 to 19 3.2 to 6.4 6.5 to 13 0.6 to 1.1 0.4 to 0.6 0.03 to 0.05 0.0009 to 0.002 1.1 to 1.8

(a)
(b)
(c)

Does not include transportation impacts associated with decommissioning or refurbishment.

The totals may not be exact because of rounding.

Dose to persons who live or work in the vicinity of the highway, persons who travel on the highway used for shipments,
and bystanders at truck stops.



(the probability of an injury accident during the entire shipping
program is between approximately 3 to 6 chances in 10) and the number
of fatalities at about 0.03 to 0.05 (the probability of a fatality
during the entire shipping program is between approximately 3 to

5 chances in 100). Appendix F provides additional details regarding
the analysis of transportation accidents.

There is also a small probability that accidents may be severe
enough to result in the breach of a waste container and release of
some of the waste, as discussed in Section 3.1.4. The staff estimated
that a dose of about 0.0009 to 0.002 person-rem would result from
‘accidents' during shipment of all the waste generated during delayed
cleanup with a 23-year storage period.

The transportation costs are discussed in Section 3.2.6.

3.2.5 Socioeconomic Impacts of Delayed Cleanup

The direct socioeconomic impacts of delayed cleanup were evalu-
ated. The basis for the evaluation is included in Appendix G. The
socioeconomic impacts of delayed cleanup are expected to be slight.
The 1987-1988 work force of approximately 1150 would continue to be
reduced to a work force of 100 to 125 in the first year of PDMS and 70
to 75 during subsequent years. Cleanup following PDMS would probably
be completed with a somewhat smaller staff than currently in use but
larger than the PDMS staff. The staffing level for this phase has
been assumed by the staff to be between 50 and 100 percent of the size
of the 1987-1988 defueling work force. However, the exact size would
depend on available technology and future plans for the facility.

Approximately 70 percent of the current work force resides in the
Harrisburg-Lebanon-Carlisle labor market (Cumberland, Dauphin,
Lebanon, and Perry Counties) and 25 percent in Lancaster County. In
these areas, the economic impact of the reduced labor force might be
most noticeable. Licensee-funded jobs in this area are expected to
support approximately half again the number of jobs in the surrounding
communities. However, because the employment reduction at the begin-
ning of PDMS amounts to 0.2 percent of the local baseline employment,
the impact should be minor.

The annual labor cost for the 1987-1988 staffing level is about
$57.5 million per year, which would be reduced to $5.0 million to
$6.3 million for the first year and $3.5 million to $3.8 million per
year during the remainder of PDMS. For the 4-year cleanup following
PDMS, the labor cost is estimated to be $120 million to $230 million.
- The impact to the total income of the local communities is expected to
be about twice the payroll level, $12 million to $13 million for the
first year, about $7 million to $8 million per year thereafter during
PDMS, and $240 million to $460 million for the 4-year cleanup fol-
lowing PDMS. '
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3.2.6 Commitment of Resources During Delayved Cleanup
\
The principal resources committed in the delayed cleanup of TMI-2
will be money and radioactive burial ground space. Other resources,
such as energy and ion exchange resins, will be relatively minor.

The cost estimates for delayed cleanup are in 1988 dollars for
the purpose of comparison with other alternatives, although it is
recognized that most of the resources required will be needed at the
time of facility cleanup following PDMS. The cost of delayed cleanup
for the 23-year period of PDMS is $210 million to $340 million, as
shown in Table 3.23. Table 3.23 also presents cost estimates for
delayed cleanup assuming 5 years of PDMS ($150 million to $270 mil-
lion) and 33 years of PDMS ($250 million to $370 million). These
estimates include the labor costs addressed in Section 3.2.5, the
waste transportation charges addressed in Section 3.2.4, and the waste
disposal costs discussed below.

Uncertainties in the labor cost are due to inflation, overhead
costs, and uncertainties in staffing requirements. The greatest
uncertainty in the .labor cost will be the staffing required to

\

TABLE 3.23. Cost of Delayed Cleanup(®

\ Projected Cost for Lengths of PDMS, -
. _ $ million®
Type of Cost 23-year S5-year 33-year -

Labor Costs‘

Preparations for PDMS 3.2 to 6.3 3.2 to 6.3 3.2 to 6.3
First year of PDMS 5.0 to 6.3 5.0 to 6.3 5.0 to 6.3
Remaining years of PDMS - 77 to 83 14 to 15 110 to 120
4 years of cleanup 120 to 230 120 to 230 120 to 230
following PDMS '
Waste Disposal Costs
Pre-PDMS and PDMS waste 0.05 to 0.2 0.01 to 0.06 0.06 to 0.3
Post-PDMS. cleanup waste 6.0 to 9.2 6.0 to 9.2 6.0 to 9.2
Waste Transpoftation Costs 1.1 to 1.8 4.2 to 6.8 1.1 to 1.8
Totall®) 210 to 340 150 to 270 250 to 370

(a) Does not include cost of decommissioning or refurbishment.
(b) 1In 1988 dollars.
(c). The totals may not be exact because of rounding.
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complete the cleanup after PDMS, as discussed in Section 3.2.5. It
was further assumed that any robotic costs would reduce the labor
cost; therefore, they are not estimated as a separate cost. This
estimate could be much too high if major portions of the work could be
performed by relatively inexpensive, unsupervised robots. An addi-
tional cost may result from retraining workers before the resumption
of cleanup operations. This cost, which would mostly be seen in addi-
tional training expense, is also not readily quantified.

The LLW disposal costs for both present and future waste disposal
are 1988 rates. The 1988 disposal charge is approximately $50 per
cubic foot, ($1800 per cubic meter) plus surcharges for higher-than-
normal radiation dose rates or curie content. These rates were raised
approximately 18 percent from 1987 to 1988. Future rates are highly
uncertain, especially disposal rates at a regional repository. Costs
might be too low if there is significant escalation in waste disposal
requirements, requirements for waste handling and packaging, or waste
disposal costs. The required waste burial ground space is estimated
to be 121,000 to 187,000 cubic feet (3420 to 5310 cubic meters) for
23 years of PDMS; 120,000 to 184,000 cubic feet (3410 to 5210 cubic
meters) for 5 years of PDMS; and 121,000 to 189,000 cubic feet (3430
to 5360 cubic meters) for 33 years of PDMS.

Waste disposal costs are related not only to waste volume and
classification, about which there are uncertainties at present, but
also to the technology used to dispose of the waste. Current waste
disposal technology involves shallow land burial. Many of the regions
are considering alternative technologies, such as disposal in concrete
bunkers and other engineered.structures. Such alternative technolo-
gies may be more costly. '

Waste transportation costs are closely related to the cost of
energy and the distance between the disposal site and the TMI site.
Accordingly, costs for transportation of waste to a regional site will
be less than those for transportation to the currently operated
disposal facility near Richland, Washington. ’

3.2.7 Regulatory Considerations of Delayed Cleanup

There are no regulatory considerations that would prevent the
licensee from implementing long-term monitored storage of the facil-
ity, as discussed in Section 3.1.7. The post-storage cleanup activi-
ties of this alternative could be requested by the licensee and
permitted under a license amendment at a later time. -

3.3 IMMEDIATE CLEANUP

Immediate cleanup, as currently envisioned by the NRC staff,
is described in Section 3.3.1. The offsite dose evaluation is dis-
cussed in Section 3.3.2, occupational dose estimates in Section 3.3.3,
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waste management impacts including those from transportation in Sec-
tion 3.3.4, socioeconomic impacts in Section 3.3.5, commitment of
resources in Section 3.3.6, and regulatory considerations in Sec-.
tion 3.3.7. ' '

3.3.1 Description of the Immediate Cleanup Alternative

Immediate cleanup involves continuation of the cleanup process at
the 1983-1987 level of effort, using a work force the size of the
1987-1988 work force. However, the staff has assumed that a 2-year
period between the completion of defueling and the continuation of the
cleanup would be necessary for the licensee to complete an engineering
study in preparation for continued cleanup as well as to return the
work force to the 1987-1988 levels. The engineering study was assumed
to start in early 1990 following the current defueling phase. Follow-
ing the 2-year period for engineering study (ending in 1992), imme-
diate cleanup could be performed over a period of 3 to 4 years. .After
completion of the cleanup, the facility could be either refurbished or
decommissioned. Although the cleanup would be considered to be com-
plete (i.e., achieving radiation levels comparable to an undamaged
reactor facility nearing the end of its operating life), it is possi-
ble that the licensee would choose not to decommission or refurbish
the facility immediately but would place the facility in storage until
TMI-1 is ready for decommissioning. For this reason, a period of
storage following the completion of cleanup is also evaluated. Decom-
missioning or refurbishing impacts, however, are not evaluated in this
supplement. ' g ‘ '

3.3.1.1 Two-vear Engineering Study

The current defueling effort, expected to result in the removal
of more than 99 percent of the fuel, would be complete before the
engineering study phase. In addition, the four activities discussed
in Section 3.0 will have occurred or be underway: decontamination of
‘the building and equipment surfaces to levels approximating the licen-
see's established goals (see .Table 3.2), packaging and disposal of
radioactive wastes associated with decontamination activities, removal
of the accident-generated water from the reactor building and the
AFHB, and quantification of the residual fuel remaining in the facil-
ity. Activities such as those conducted during preparations. for PDMS
(e.g., the deactivation and preservation of equipment, the sealing of
fuel transfer tubes, and extensive monitoring of the facility to pro-
vide a data base for plant trends, as discussed in Section 3.1) would
not be conducted before the engineering study. During the engineering
study, the ventilation systems and fire detection systems would remain
in their current operating state. 4

The major emphasis during this 2-year period would be on con-
ducting an engineering analysis to prepare for immediate cleanup.
Limited amounts of decontamination work might be performed, but only
in 'support of the engineering analysis. In addition, personnel would
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be hired 'and trained in order to return the work force to the size of
the 1987-1988 work force. /

3.3.1.2 (Cleanup

Foliowing the 2-year engineering stddy, cleanup of the facility
would continue, which would require 3 to 4 years to complete.

The cleanup processes are assumed to be similar to those pro-
jected by the staff in evaluating the delayed cleanup alternative in
Section 3.2.1.1. The differences are as follows: (1) a 2-year period
for planning and engineering development would be necessary before the
cleanup process; (2) a period of 3 to 4 years would be necessary for
cleanup, rather than a full 4 years, because ‘any additional time
required to assemble a work force and train them regarding facility-
conditions would have largely occurred during the engineering study;
(3) advances in robotic technology that would have occurred during an
intervening PDMS period would probably not be available following the
engineering study; (4) radiation dose rates would not be reduced sig-
nificantly during the engineering study; ‘and (5) wastes would be
shipped to a currently licensed site (assumed to be the fa0111ty
operated by U.S. Ecology near Richland, Washlngton)

i

3.3.1.3 Potential Storage Period Following Cleanup

Following cleanup, the dose rates in the facility would be simi-
lar to dose rates in an operating reactor facility (one that has not
undergone a serious accident) at the end of its useful life. At this
point, the facility would be ready for decommissioning or refurbish-.
ment. However, it is possible that the licensee would not immediately
decommission or refurbish the facility. For this reason, the impacts
of a storage period following the completion of cleanup were evalu-
ated. Only a brief preparation period would be necessary before stor-
age and the preparations would be performed as part of the cleanup
process. The storage period following immediate cleanup would essen-
tially be equivalent to the PDMS period discussed in Section 3.1.1.3.
The ventilation system, the facility monitoring and inspection pro-
gram, and the environmental monitoring program would all be maintained
in a manner similar to that described in Section 3.1.1.3. However,
because the amount of contamination in the facility would be con-
siderably less than during PDMS (as discussed in Section 3.3.2.1),
entries were assumed to be once a quarter from the initiation of the
storage period. A storage period of 18 to 19 years was assumed, based
on the expected 5 to 6 years necessary to complete the cleanup
(including the 2-year engineering study and the 3- to 4-year cleanup)
and on the expected expiration of the Unit-1 license in 2014.
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| 3.3.2 Qffsite Dose Evaluation for Immediate Cleanup

The evaluation of the radiation dose to the offsite population as
a result of the immediate cleanup alternative includes an assessment
~of the dose from routine atmospheric releases, routine liquid
releases, accidental atmospheric releases, and accidental liquid
releases of radioactive material.

| 3.3.2.1 Routine Atmospheric Releases

The magnitude and impact of routine atmospheric releases of
radioactive material will vary depending on the stage of the immediate
cleanup process. These stages, as described in Section 3.1.1, include
(1) the 2-year engineering study, (2) the cleanup process, and (3) the
potential period of storage following immediate cleanup. Table 3.24
shows the 50-year dose commitments to the maximally exposed member of
the public, to the total population within a 50-mile (80-kilometer)
radius of the TMI-2 site, and to the population outside the 50-mile
(80-kilometer) radius as a result of routine atmospheric releases dur-
ing the three stages of immediate cleanup. The dose commitments to
the maximally exposed member of the public and to the population
within the 50-mile (80-kilometer) radius result from external expo-
sure, inhalation, and the consumption of food products, as discussed
in Section 3.1.2.1. The dose commitment to the population outside the
50-mile (80-kilometer) radius results from external exposure, inhala-
tion, and the consumption of food products exported from within the
50-mile (80-kilometer) radius. )

The specific assumptions used during the calculation of the
impacts for each of the cleanup stages during immediate cleanup are
discussed in the following sections.

Two-Year Engineering Study. Fewer entries will be made into
the reactor building than are currently made, and no activities are
expected during the 2-year engineering study, other than those per-
formed in support of the study. In addition, it is assumed that the
ventilation system would remain operable during the 2-year period for
the engineering study. Thus, the atmospheric releases from the facil-
ity during’'the 2-year engineering study are assumed to be similar to
those during the current defueling period, as shown in Table 3.5. The
annual release rates for the 2-year period for engineering study are
shown in Table D.13 of Appendix D.

Cleanup. The routine releases of radioactive material from the
TMI-2 facility occurring by atmospheric pathways during cleanup are
also not-expected to differ much from those occurring during the
defueling period (see Table 3.5). Some rise in effluent concentra-
tions, however, may be experienced during aggressive decontamination
efforts, such as those that might accompany the decontamination or
removal of the concrete-block stairwell/elevator structure. These
operations could increase the amount of activity in the reactor
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TABLE 3.24. 50-Year Dose Commitments from Routine Atmospheric Releases

Resulting from Immediate Cleanup

Dose to
Maximally Exposed

(@

Population Within
50-Mile Radius of TMI-2

Dose to Population
Outside 50-Mile

Stages of Duration, Dose Offsite Individual, Population Size, Dose, Radius of TMI-2,
Immediate Cleanup years Location mrem millions person-rem __person-rem
Engineering ) 2 Bone 0.05 2.5 0.01 0.002
Study Total body 0.001 0.001 0.0001
Cleanup 4 Bone 2.3 2.6 1.0 0.04

Total body 0.06 0.09 0.004
Potential Post- 18 Bone 4.3 "2.8 to 3.3 3.3 0.2
cleanup Storage Total body- 0.5 2.3 0.1

(a) Does not include dose associated with decommissioning or refurbishment.



building atmosphere, thus increasing the amount of activity released
from the facility through the double-stage HEPA filters.

Radionuclide releases from the reactor building into the atmos-
phere during immediate cleanup were estimated by applying the same
method as that used to estimate releases for the cleanup period fol-
lowing PDMS (Section 3.2.2.1). However, the quantity of radionuclides
released was adjusted to account for a 2- year period. of radioactive:.
decay rather than a 23-year perlod The annual release rates calcu-
lated for atmospheric releases durlng a 4- -year cleanup perlod are -
shown in Table D.14 of Appendlx -

Potential Storage Perlod'FollowinE Cleanup: It is.possible that
the licensee will choose to place TMI-2 in storage until TMI-1 is
ready for decommissioning, rather than decommissioning or refurbishing
the facility immediately after completion of the cleanup. Thus, the
impacts of an atmospheric release during an 18-year storage period .
were evaluated. Radionuclide releases from the reactor building into
the atmosphere during the. potential storage period following immediate
cleanup were estimated by applying the same method as that used to
estimate releases from PDMS during delayed decommissioning (Sec-
tion 3.1.2.1); however, the storage period was assumed to be only
18 years and the amount of activity contained in the reactor building
would be substantially less than .that assumed for the PDMS storage
period. It was assumed that less than 5 percent of the radioactivity
present in the stairwell/elevator structure and in the sludge remaln-
ing on the basement floor at the end of defueling would still remain
in the basement following the cleanup. All of the remalnlng material
in these locations was assumed to .be available for suspen31on 1nto the
air. It was further assumed that less than 20 percent of thg radio-
activity present on the floor, concrete slab walls, and overhead
structures, in the basement, and in the D-ring areas would remain
following immediate cleanup. Of the remaining material in these
locations, 10 percent (2 percent of the total) was assumed to be
available for suspension into the-air. A decontamination factor of -
10, the ratio-of the original level of radioactivity to the level that
remains after decontamination, was assumed for both activation and
fission products in the reactor coolant system piping and the reactor
vessel. It was further assumed that none of the remaining activity in
the reactor coolant system piping and the reactor vessel would be
present in a resuspendible form. The annual release rates calculated
for atmospheric releases durlng the potential 18- -year storage period
following cleanup are shown in Table D.15 of Appendix D.

3.3.2.2 Routine Liquid Réleases

The magnitude and impact of routine liquid releases of radio-
active material will also vary depending on the stage of the immediate
cleanup process. Table 3.25 shows the 50-year dose commitment to the
maximally exposed member of the public, to the total population within
a 50-mile (80-kilometer) radius of the TMI-2 site, and to the
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TABLE 3.25.

Exposed Offsite Individual

50-Year Dose Commitments from Routine Liquid Releases
Resulting from Immediate Cleanup®

Dose to Maximally

Population Within 50-Mile Radius of TMI-2

Susquehanna River

Susquehanna River

Water, Fish,

Chesapeake Bay

Dose to Population
Outside 50-Mile
Radius of TMI-2

(a) Does not include dose associated with decommissioning or refurbishment.

Stages Water, Fish, Chesapeake Bay Activities Shellfish from Chesapeake Bay
of Immediate Duration, Dose Activities, Shellfish, Population, Dose, Population, Dose, Shellfish,
Cleanup Years Location mrem mrem thousands person-rem _millions person-rem person-rem
Engineering 2 Bone 0.002 0.00003 340 0.006 2.5 0.00009 0.02
Study Total body 0.002 0.000004 0.0005 0.000009 0.002
‘Cleanup T4 Bone 0.2 0.006 360 1.1 2.6 0.02 2.9
’ Total body 0.1 0.0004 0.06 0.001 0.2



population outside the 50-mile (80-kilometer) radius as a result of
routine liquid releases during the three stages of immediate cleanup.
The dose pathways to the maximally exposed individual and to the
offsite populations include the drinking of Susquehanna River water,
consumption of fish inhabiting the river, participation in rivershore
activities, and consumption of shellfish from the Chesapeake Bay, as
described in Section 3.1.2.2. The dose to the population outside the
50-mile (80-kilometer) radius is attributed solely to the consumption
of Chesapeake Bay shellfish.

_ The specific assumptions used in calculating the impacts for each
of the stages during immediate cleanup are discussed in the following
sections.

Two-Year Engineering Study. Liquid releases during the 2-year
engineering study would come from inleakage from groundwater and pre-
cipitation or from any decontamination liquid that would be generated
during this period. The quantity of liquid expected for annual
release during this time is equivalent to the annual release during
PDMS, that is, 5000 gallons (19,000 liters). The methodology used to
calculate the annual liquid release rates is identical to that
described in Section 3.1.2.2 for PDMS. " The amount of radioactive
material assumed to be released annually in liquid releases during the
engineering study is shown in Table D.16 of .Appendix D.

Cleanup. Liquid releases to the Susquehanna River would occur
during the 4-year period expected for immediate cleanup. The liquids
would largely consist of water used during the decontamination process -
to flush and decontaminate the reactor coolant system and the reactor
coolant drain tank, as well as to remove contamination in other areas
.of the facility. Before they were released, the liquids would be
processed through the EPICOR II system. Maximum releases of .
250,000 gallons (950,000 liters) a year were assumed, based on infor- -
mation given in the PEIS. The methodology used to calculate the
annual liquid release rates is identical to that used for the calcu-
lation of liquid release rates during cleanup following PDMS for the
delayed cleanup alternative (Section 3.2.2.2), except that only a
2-year period for radioactive decay was assumed. The amount of radio- .
active material assumed to be released annually in liquid releases
during the cleanup is shown in Table D.17 of Appendix D.

Potential Storage Period Following Cleanup. As discussed in

Section 3.1.2.1, during PDMS, a discharge rate of 5000 gallons

(19,000 liters) annually was assumed. A somewhat smaller rate could
be assumed for the potential storage period following immediate
cleanup because the volume would result only from water inleakage and
would not include small quantities of water used for decontamination.
However, the cleanup process would have removed contamination from the
areas where any inleakage is expected (Section 3.1.1.3), and since no
decontamination would occur during this time, it is unlikely that the
accumulated liquids would contain measurable levels of contamination.
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3.3.2.3 Accidental Atmospheric Releases

The potential for each of the three accidents listed in Sec-
tion 3.1.2.3 to result in an airborne release of radionuclides was
evaluated for each stage of the immediate cleanup alternative. 1If the
potential existed for a specific accident, the accident's impact on
the offsite population was evaluated quantitatively.

Table 3.26 shows the results of this evaluation. The table lists
the 50-year dose commitments to the maximally exposed member of the
public, to the total population within a 50-mile (80-kilometer) radius

'of the TMI-2 site, and to the population outside the 50-mile
(80-kilometer) radius as a result of accidental atmospheric releases
during each stage of immediate cleanup where there was a potential for-
an accident. The dose commitments to the maximally exposed member of
the public and to the population within the 50-mile (80-kilometer)
radius result from external exposure, inhalation, and the consumption
of food products, as-discussed in Section 3.1.2.1. The:dose commit-
ment to the population outside the 50-mile (80-kilometer) .radius
results from external exposure, inhalation, and the consumption of
food products exported from within the 50-mile- (80-kilometer) radius.

The following sections discuss the specific assumptions used
to determine the potential for each of the accidents listed in Sec-
tion 3.1.2.3 during the stages of immediate cleanup and the assump-
tions made for the quantification of the impact from the potent1a1
accidental atmospheric releases. :

Two-Year Engineering Study. The only credible accident identi-
fied for the 2-year engineering study is a fire in the stairwell. The
analysis of the impacts from this accident was based on assumptions
similar to those found in Section 3.1.2.3 for the preparations for
decommissioning. However, the level of radioactive contamination will
be greater than during the decommissioning preparations because the
accident is assumed to occur during the first year of the engineering
study. The amount of radioactive material assumed to be released
during this accident is shown in Table D.18 of Appendix D.

Cleanup.  All three of the potential accidents resulting in
atmospheric releases that were identified and listed in Sec-
tion 3.1.2.3 could result in atmospheric releases during the cleanup
period of the immediate cleanup alternative.

For the fire in the stairwell/elevator structure during immediate
cleanup, the fraction of activity in the structure that is assumed to
be released is the same as that for a fire during PDMS (described in
Section 3.1.2.3). However, during immediate cleanup, double-stage
HEPA filters would be used routinely in each train of the reactor
building ventilation system. Thus, for a fire in the stairwell/
elevator structure, the fraction of radioactive particulates

3.67




89°¢

TABLE 3.26. 50-Year Dose Commitments from Accidental Atmospheric Releases

During Immediate Cleanup(®)

Population Within

Dose to Dose to Population
. Maximally Exposed 50-Mile Radius of TMI-2 Outside 50-Mile
Stages of Dose Offsite Individual, Population Size, Dose, Radius of TMI-2,
Immediate Cleanup Accident Description Location __mrem millions person-rem person-rem
Engineering Fire in stairwell Bone 0.2 2.5 0.01 0.001
Study Total body 0.02 0.007 0.0003
Cleanup Fire in stairwell Bone 0.2 2.6 0.01 0.001
Total body 0.02 0.007 0.0003
HEPA filter failure Bone - 150 2.6 12.0 1.4
Total body 16 8.4 0.5
Decontamination liquid Bone 0.4 2.6 0.07 - 0.001
spill . Total body 0.008 0.004 0.0001
Potential Post- Fire in stairwell Bone 2.4 2.8 0.2 0.02
cleanup Storage Total body 0.3 0.2 <0.001
refurbishment.

(a) Does not include dose associated with accidents during decommissioning or



penetrating the HEPA filter was conservatively estimated at 0.0001
(see Section 3.1.2.3). In addition, the released inventory was
adjusted to account for 2 years of radioactive decay. The amount of
radioactive material calculated for release during this accident is
shown in Table D.19 of Appendix D.

The accidental failure of both stages of a double-stage HEPA
filter (an event with a very low probability of occurring) was assumed
to occur at the most critical time during the immediate cleanup proc-
ess; that is, during the postulated demolition of the stairwell/
elevator structure (as in the cleanup following PDMS, Sec-
tion 3.2.2.3). Both the assumptions given in Section 3.2.2.3 and the
inventory of radionuclides were assumed to be the same for the cleanup
stage of immediate cleanup, except that the inventory was adjusted to
account for only a 2-year period of radioactive decay. The maximum
amount of radioactive material calculated for release during this
accident is shown in Table D.20 of Appendix D.

The consequences of an atmospheric release from an accidental
spill of reactor coolant system decontamination solution inside the
reactor building are discussed in Section 3.2.2.3 for the cleanup fol-
lowing PDMS. The assumptions made for the occurrence of this accident
during the cleanup stage of immediate cleanup are the same as those
presented in Section 3.2.2.3 for cleanup following PDMS, except that
the inventory was adjusted to account for only a 2-year period of
radioactive decay. The amount of radioactive material calculated to
be released from the reactor building during this accident.is shown in
Table D.21 of Appendix D.

Potential Storage Period Following Cleanup. Of the accidents
evaluated above for the immediate cleanup period, only the fire in
the stairwell/elevator shaft was evaluated for the potential period of
storage following PDMS. The assumption made previously, that 5 per-
cent of the activity in the stairwell/elevator structure and fuel
debris in basement sludge would remain following immediate cleanup,
was used as a basis for the accident evaluation by conservatively
assuming that the entire 5 percent of the radioactivity was involved
during the fire. "Single-stage HEPA filters were conservatively esti-
mated to allow release of only a fraction (0.01l) of the airborne
inventory. In addition, the inventory was adjusted to account for
6 years of radioactive decay. The amount of radioactive material
calculated for release during this accident is shown in Table D.22 of
Appendix D. '

3.3.2.4 Accidental Liquid Releases

The potential for accidents resulting in liquid releases of
radionuclides during immediate cleanup was evaluated. As discussed in
Section 3.1.2.4, the accident evaluated involved the rupture of a tank
containing liquid that had been treated at least partially to remove
radioactive material. The impact of the accident was evaluated
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quantitatively for the cleanup period, the only stage of immediate
cleanup where the evaluation indicated that an accidental liquid
release could occur.

Table 3.27 shows the 50-year dose commitment to the maximally
exposed member of the public, to the total population within a 50-mile
(80-kilometer) radius of the TMI-2 site, and to the population outside
the 50-mile (80-kilometer) radius as a result of accidental liquid
releases during each stage of immediate cleanup where there was a
potential for an accident. The dose pathways to the maximally exposed
member of the public and to the population within the 50-mile
(80-kilometer) radius include the drinking of Susquehanna River water,
consumption of fish taken from the river, participation in rivershore
-activities, and consumption of shellfish from the Chesapeake Bay, as
described in Section 3.1.2.2. The dose commitment to the population
outside the 50-mile (80-kilometer) radius is attributed solely to the
consumption of Chesapeake Bay shellfish.

The following sections discuss the specific assumptions used to
determine the potential for an accidental liquid release 'of radionu-
clides during. the stages of immediate cleanup and the assumptions used
to quantitatively evaluate the impact from an accidental liquid
release during the cleanup stage of immediate cleanup.

Two-Year Engineering Study. No accidental liquid releases were
considered for the 2-year engineering study because no credible acci-
dents would result in a liquid release during the transfer or process-
ing of the liquids produced. The reasons are the same as those given
in Section 3.1.2.4 for PDMS during the delayed decommissioning
alternative.

Cleanup. The assumed pathway for an accidental liquid release
of radionuclides during cleanup is the same as that assumed for
cleanup following PDMS in the delayed cleanup alternative (see Sec-
tion 3.2.2.4); that is, the release of contaminated water to the
Susquehanna River from the rupture of an 11,000-gallon (42,000-liter)
storage tank. The assumptions used to evaluate the impact of this
accident are the same as those made in Section 3.2.2.4, except that
the inventory was adjusted to account for only 2 years of radioactive
decay prior to the accident. The amount of radioactive material cal-
culated for release during this accident is shown in Table D.23 of
Appendix D.

Potential Storage Period Following Cleanup. No accidents involv-
ing liquid releases were identified on the basis of the information
given in Section 3.3.2.2 for liquid releases during the potential
storage period following cleanup.
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50-Year Dose Commitments from Accidental Liquid Releases
During Cleanup Phase of Immediate Cleanup®

TABLE 3.27.

Dose to Maxi&ally .
Population Within '50-Mile Radius of TMI-2 Dose to Population
) Outside 50-Mile

Exposed Offsite Individual
Susquehanna River
Water, Fish, Radius of TMI-2
from Chesapeake Bay

Chesapeake Bay

Susquehanna River
Water, Fish, Chesapeake Bay Activities Shellfish
Dose Activities, Shellfish, Population, Dose, Population, Daose, Shellfish,
Accident Description Location mrem mrem thousands person-rem _millions person-rem person-rem
Storage tank rupture Bone 0.002 0.0001 360 0.02 2.6 0.0004 0.07
0.0003 0.000008 0.0005 0.00002 0.004

Total body

(a)

Does not include dose associated with accidents during decommissioning or refurbishment.




3.3.3 Occupational Radiation Dose Evaluation for Immediate Cleanup

The occupational radiation dose expected during the cleanup
process described for the immediate cleanup alternative is estimated
to be between 3700 and 9400 person-rem, as shown in Table 3.28. This
estimate includes the doses for the 2-year engineering study and the
3- to 4-year cleanup period. This is the dose required to achieve
radiation levels similar to those in an undamaged reactor nearing the
end of its life and is in addition to the ‘occupational radiation dose
already received and the dose required to complete the defuellng per-
iod. If a decision is made to put the:reactor into storage for
18 years after cleanup, as discussed in Section 3. 3 1, an additional
10 to 17 person-rem of dose would be incurred.

The estimates given in Table 3.28 are based on a task-by-task
analysis of the work to be done and are presented as a range of values
because of the uncertainties in the cleanup process and technology
The range is wide because of uncertainties in the location and depth

TABLE 3.28. Occupat10na1 Radiation Dose Estlmates for Immedlate

CleanupM
Occupational Dose,

Task Description , A _ person-rem

2-year engineering study 16 to 40
AFHB cleanup : - o 65 to 140
Reactor coolant system decontamination ' 53 to 920
Reactor building basement general cleanup "670 to 1500
Reactor building cubicle cleanup - 650 to 1400
Reactq% building blockwall removal © 77 to 610
D-ring dose reduction . 360 to 780
D-ring final decontamination - ‘ 370 to 820

. Dome and polar crane decontamination 10 to 20

Reactor building 347-foot elevation ‘ o
cleanup . " 190 to 410
Reactor building 305-foot elevatlon o '

cleanup ' 290 to 630
Engineering support : - 60 to 130
Health physics support K 550 to 1400
Radioactive waste handling S _ 360 to 550
Post-cleanup monitored storage (18 years)‘ o 10 to 17"

Total® - . , © 3700 to 9400

(a) Does not include dose associated with decommissioning or
refurbishment.

(b) Not included in the total.

(c) The totals may not be exact because of roundlng
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of penetration of contamination and in the methods that would be used l
for reactor coolant system decontamination. In addition, uncertain-

ties exist regarding the effectiveness of the robots for performing

many of the tasks. A discussion of the methodology used to calculate
occupational doses is found in Appendix H.

‘This estimate is lower than the estimate that was presented for
immediate cleanup in Supplement 1 to the PEIS. This is because the
Supplement 1 estimate did not take into account the use of robotics to
any appreciable extent. However, robotics currently are being used
effectively by the licensee in desludging and scabbling concrete in
the basement. The current estimate is within the range of the esti-
mate presented in Supplement 1 for cleanup employing robotics.

3.3.4 Waste Management Considerations of Immediate Cleanup

During the 2-year engineering study, small amounts of LLW will be
generated. Subsequent cleanup activities will generate waste from a
number of processes, including decontamination of the reactor coolant
system, removal of contaminated portions of the reactor vessel head
and control rod drive mechanisms, removal of the stairwell/elevator
structure in the basement, and removal of temporary shielding that has
been placed in the reactor building. These activities will also
generate secondary waste consisting of disposable protective clothing,
tools, and equipment. The estimated volumes and classes of waste that
would be generated during the 2-year engineering study and during the
cleanup period are shown in Table 3.29. Quantities of waste generated
during the potential 18-year storage period following cleanup would be
small and were not quantified.

For immediate cleanup, the staff has assumed that the waste
generated before the year 2001 would be disposed of at a currently,
licensed site, which was assumed to be the facility operated by U.S.
Ecology near Richland, Washington. The impact of the waste after
disposal at the LLW site is considered to be outside the scope of this
supplement and is the subject of a separate licensing action in
connection with the waste disposal site.

It is possible that some of the waste generated could exceed
maximum Glass C limits, in which case it could not be accepted by a
licensed burial site. However, the licensee has a unique arrangement |
with the U.S. Department of Energy that allows such wastes to be
transferred to the DOE on a cost-reimbursement basis, as explained in
Section 3.1.4. :

The environmental impact of transporting the waste generated
during immediate cleanup was estimated from the curie estimates given
in Section 2.2. The staff assumed that the waste would be shipped in
the same containers that were assumed for delayed decommissioning
(Section 3.1.4). Wastes were assumed to be shipped to the licensed
LLW disposal site near Richland, Washington, with 421 to 559 shipments
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TABLE 3.29. Waste Volume Estimates for Immediate Cleanup®

Total Waste Volume

Class of Waste® ft? ' m

2-Year Engineering Study

Class A dry radioactive waste 60 to 200 1.7 to 5.7
Class B or C air filters 0 to 130 0 to 3.5
Class A, B, or C residue from 10 to 40 0.3 to 1.1
"liquid waste treatment
Cleanup Activities

Class A waste 91,000 to 120,000 2,600 to 3,400
Class B waste 19,000 to 33,000 540 to 930
Class A, B, or C waste 9,600 to 29,000 270 to 810
‘Greater than Class C waste Some possible Some possible

(a) Does not include waste volumes associated with decommissioning
or refurbishment.

(b) Waste is classified according to 10 CFR 61 (CFR 1988a) cri-
teria. See discussion in Section 2.3.2.

of Class A waste and 201 to 438 additional shipments of unspecified
waste (Class A, B, or C). For the purpose of assessing transportation
impacts, it was assumed that the unspecified waste would all be

Class C waste. '

The methodology for the assessment of shipping impacts is
described in Appendix F. Transportation of this waste would result in
the exposure of some members of the public to a very low radiation
dose. The principal exposed group would be the truck crews; however,
others could also be exposed such as those present at truck stops,
travelers on the highways, and residents along the highways. The
total transportation dose, excluding the dose from accidents that may
occur during shipments, is expected to be 91 to 170 person-rem. The
truck crews would receive the greatest portion of this dose, an
estimated 60 to 110 person-rem.

As with transportation of any materials, there is a possibility
that incidents during transportation may result in traffic accidents
with or without injuries or fatalities. The estimated number of traf-
fic accidents that might occur during the entire shipping program for
immediate cleanup was 4.5 to 7.2, depending on the final waste volume.
The staff estimated the number of injuries occurring over this ship-
Ping program at about 3.9 to 6.3 and the number of fatalities at about
0.3 to 0.5 (the probability of a fatality during the entire shipping
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program is between approximately 3 to 5 chances out of 10).
Appendix F provides additional details regarding the analysis of
transportation accidents. -

There is also a small probability that accidents may be severe
enough to result in the breach of a waste container and release of
some of the waste, as explained in Section 3.1.4. The staff estimated
that a dose of about 0.005 to 0.01 person-rem would result from acci-
dents during the shipment of all of the waste generated during immedi-
ate cleanup.

3.3.5 Socioeconomic Impacts of Immediate Cleanup

The direct socioeconomic impacts of immediate cleanup were evalu-
ated. The basis for the evaluation is included in Appendix G. The
socioeconomic impacts of the immediate cleanup alternative are
expected to be minor. The staff assumed that the current work force
would be increased gradually during the engineering study as workers
were rehired until the 1987-1988 level of 1150 workers (or slightly
fewer) was achieved. This work force would be maintained for a period
of 3 to 4 additional years beyond the 2-year engineering study. At
the completion of cleanup, the employment level could change signifi-
cantly, depending on the disposition of the facility (i.e., post-
cleanup storage, decommissioning, or refurbishment). If the facility
is placed inte post-cleanup storage, the number of workers required is
assumed to be the same as that required for PDMS (100 to 125 in the
first year of post-cleanup storage and 70 to 75 during subsequent
years) .

Approximately 70 percent of the current work force resides in the
Harrisburg-Lebanon-Carlisle labor market (Cumberland, Dauphin, -
Lebanon, and Perry Counties) and 25 percent in Lancaster County. This
distribution would not be expected to change significantly during
cleanup or post-cleanup storage. These jobs are expected to support
approximately half again the number in the surrounding communities, as
outlined in Appendix G. i

The labor cost would be about $29 million to $43 million per year
during the engineering study, $57.5 million per year for 1150 workers
during the 3- to 4-year cleanup period, and $5.0 million to $6.3 mil-
lion for the first year of a post-cleanup storage with $3.5 million to
$3.8 million for each year thereafter. The impact to the total income
of the local communities from immediate cleanup is expected to be
approximately twice the payroll level.

3.3.6 Commitment_of Resources During Immediate Cleanup

The principal resources committed in the immediate cleanup of
TMI-2 would be money and radioactive burial ground space. Other
resources, such as energy and ion exchange resins, will be relatively
minoxr.
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The NRC staff evaluated the cost of immediate cleanup using 1988
dollars. The estimated cost of immediate cleanup ($240 million to
$330 million), as presented in Table 3.30, includes the labor costs
addressed in Section 3.3.5, the waste transportation charges addressed
in Section 3.3.4, and the waste disposal costs discussed below. If
the facility was placed in post-cleanup storage for 18 years after
cleanup (as discussed in Section 3.3.1), an estimated additional
$68 million to $74 million in cost would be incurred.

Uncertainties in the labor cost are due to the duration of
cleanup, inflation, uncertainties in estimating nonlabor overhead
costs, and uncertainties in staffing requirements. The staff assumed
that a work force the size of the defueling work force could complete
the cleanup in a total of 3 to 4 years following the engineering
study. It was further assumed that the cost of any new robots would
reduce the labor cost; therefore, they are not estimated as a separate
cost. '

Burial ground volume, the other significant resource required in
the immediate cleanup alternative, would be required for the disposal
of 120,000 to 183,000 cubic feet (3400 and 5190 cubic meters) of low-
level radioactive waste. The waste disposal costs are based on 1988

TABLE 3.30. Cost of Immediate Cleanup®

Projected Cost,

Tvpe of Cost $ million®
s

Labor Costs
2-year engineering study 58 to 86
-3 to 4 years of cleanup 170 to 230

Waste Disposal Costs
120,000 ft® to 183,000 ft?

(including decontamination wastes) 6.0 to 9.2
Waste Transportation Costs 4.2 to 6.7
Total® i 240 to 330

(a) Does not include cost of decommissioning or
refurbishment.

(b) In 1988 dollars.

(c) The totals may not be exact because of rounding.
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rates of $50 per cubic foot ($1800 per cubic meter) plus surcharges
for wastes with higher-than-normal radiation dose rates or curie con-
tent. Uncertainties in waste disposal costs arise from uncertainties
in waste volume and future waste disposal costs..

3.3.7 Regulatory Considerations of Immediate Cleanup

There are no significént regulatory-Considerations for immediate
cleanup. The NRC staff would continue to review major cleanup activ-
ities for approval. There are also no regulatory considerations that
would prevent the licensee from implementing storage of the facility,
refurbishing the facility, or from placing the facility in decommis-
sioning at the completion of cleanup.

3.4 IMMEDIATE CLEANUP/REDUCED EFFORT

The alternative of immediate cleanup with reduced levels of
effort (lmmedlate cleanup/reduced effort) is described in Sec-
tion 3.4.1. The offsite dose evaluation is discussed in Sec-
tion 3.4.2, occupational dose estimates in Section 3.4.3, waste
management impacts including those from transportation in Sec-
tion 3.4.4, socioeconomic impacts in Section 3.4.5, commitment of
resources in Section 3.4.6, and regulatory con51deratlons in
Section 3.4.7.

3.4.1 Description of the}Immediate Cleanup/Reduced Effort Alternative

The "alternative of immediate cleanup/reduced effort involves the
continued cleanup of the TMI-2 facility without stopping operations
for an engineering planning study. The cleanup would be accomplished
over a 7- to 10-year period of time. In addition, a work force would
be used that was smaller than the 1987-1988 defueling work force and
smaller than the work force for the immediate cleanup alternative.
After completion of the cleanup, the facility could be either refur-
bished or decommissioned. " Although the cleanup would be considered
complete (i.e., achieving radiation levels comparable to those in an
undamaged reactor facility nearing the end of its operating life), it
is possible that the licensee would choose not to immediately decom-
mission or refurbish the facility but would place the facility in
storage until the time that TMI-1 was ready for decommissioning.
Thus, a period of storage following the completion of cleanup was also
evaluated.  The impacts of refurbishing or decommissioning, however,
are not evaluated in this supplement.

3.4.1.1 (Cleanup with Reduced Effort

The current defueling effort is expected to result in the removal
of more than 99 percent of the fuel before the start of immediate
cleanup/reduced effort. In addition, it was assumed that the follow-
ing activities would have occurred or would be underway before
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starting immediate cleanup/reduced effort: decontamination of the
building and equipment surfaces to levels approximating the licensee's
established goals (Table 3.2), packaging and disposal of radioactive
wastes associated with decontamination activities, removal of the
accident-generated water from the reactor building and the AFHB, and
quantification of the residual fuel remaining in the facility. Activ-
ities such as .those conducted during preparations for PDMS would not
be performed (e.g., deactivation and preservation of equipment,
sealing of fuel transfer tubes, and extensive monitoring of the
facility to provide a data base for plant trends, as discussed in
Section 3.1). The ventilation systems and fire detection systems
would remain in their current operating state.

Cleanup would be continued following the current defueling
effort. 1Initial efforts would be directed to the completion of the
decontamination of the AFHB and various locations in the reactor
building while an engineering study of the continuation of the reactor
building decontamination is conducted. Following completion of the
engineering study, cleanup would continue at a slower rate than that
assumed for the immediate cleanup alternative. In addition, the num-
ber of workers would be substantially reduced from previous levels and
would be lower than the levels assumed for immediate cleanup (Sec-
tion 3.3). At this reduced rate, cleanup would take 7 to 10 years to
complete.

The cleanup activities are assumed to be similar to those pro-
jected by the staff for evaluating cleanup during the delayed cleanup
alternative (see Section 3.2.1.1). The differences are as follows:
(1) a period of 7 to 10 years would be necessary for cleanup at the
reduced level of effort; (2) engineering studies would be performed
during the early years of cleanup, concurrently, with additional
decontamination of the AFHB and various locations in the reactor
building; (3) advances in robotic technology that would have occurred
during an intervening PDMS period possibly would not be available dur-
ing the 7- to 10-year period for immediate cleanup/reduced effort;

(4) radiation doses would not be reduced by a PDMS period; and

(5) wastes would be shipped to a currently licensed site (assumed to
be the facility operated by U.S. Ecology near Richland, Washington)
because a regional repository within 250 miles (400 kilometers) of the
site is not expected to be available.

3.4.1.2 Potential Storage Period Following Cleanup

Following the cleanup process, the dose rates in the facility
would be similar to dose rates in an undamaged reactor facility at the
end of its operating life. At this point, the facility would be ready
for decommissioning or refurbishment. However, it is possible that
the licensee would not immediately decommission or refurbish the
facility. .For this reason, impacts were evaluated for a storage
period following completion of cleanup. A 1l4- to 1l7-year period of
storage following the completion of cleanup was evaluated based on a
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7- to 10-year cleanup period and the expected expiration of the Unit-1
license in 2014. Only a brief preparations period would be necessary
before storage and this would be accomplished as part of the cleanup
process. The storage period following immediate cleanup/reduced,.
effort would essentially be equivalent to the post-cleanup storage
period described in Section 3.3.1.3 for the immediate cleanup
alternative.

/

3.4.2 Offsite Dose Evaluation for Immediate Cleanup/Reduced Effort

The evaluation of the radiation dose to the offsite population
as a result of immediate cleanup/reduced effort includes an assessment
of the dose from routine atmospheric releases, routine liquid
releases, accidental atmospheric releases, and accidental liquid
releases of radioactive material.

3.4.2.1 Routine Atmospheric Releases

The magnitude and impact of routine atmospheric releases of
radioactive material will vary depending on the stage of immediate
cleanup/reduced effort. These stages, as described in Section 3.4.1,
would include a 7- to 10-year period of cleanup at a reduced level of
effort and a potential 1l4- to 17-year storage period following comple-
tion of the cleanup. :

Table 3.31 shows the 50-year dose commitments to the maximally
exposed member of the public, to the total population within a 50-mile
(80-kilometer) radius of the TMI-2 site, and to the population outside
the 50-mile (80-kilometer) radius as a result of routine atmospheric
releases during immediate cleanup/reduced effort. The dose commit-
ments to the maximally exposed member of the public and to the popu-
lation within the 50-mile (80-kilometer) radius result from external
exposure, inhalation, and the consumption of food products, as dis-
cussed in Section 3.1.2.1. The dose commitment to the population
outside the 50-mile (80-kilometer) radius results from external
exposure, inhalation, and the consumption of food products exported
from within the 50-mile (80-kilometer) radius.

The specific assumptions that were used during the calculation of
the impacts for each of the stages during immediate cleanup/reduced
effort are discussed in the following sections.

Cleanup with Reduced Effort. The routine releases of radioactive
material 'from the TMI-2 facility occurring by atmospheric pathways
during the cleanup process are not expected to differ much from those
occurring during the defueling period (see Table 3.5). However, some
rise in effluent concentrations may be experienced during aggressive
decontamination efforts, as discussed in Section 3.2.2.1 for the
delayed cleanup alternative. Thus, radionuclide releases were esti-
mated largely by using the same procedures as those used for the
delayed cleanup alternative (see Section 3.2.2.1), except that a
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TABLE 3.31.

50-Year Dose Commltments from Routine Atmospherlc Releases Resultlng
from Immedlate Cleanup/Reduced Effort®

Dose to Population Within Dose to Population

Stages of Maximally Exposed 50-Mile Radius of TMI-2 ) Outside 50-Mile
Immediate Cleanup/. Duration, Dose Offsite Individual, .= Population Size, Dose, Radius of TMI-2,
Reduced Effort years Location mrem millions person-rem person-rem

Cleanup 10 Bone 2.6 ' " 2.5 to 2.9. 0.8 0.1
Total body 0.07 . 0.06 0.006

Potential Post- 14 Bone 3.0 2.9 to 3.3 2.3 0.2

cleanup Storage 0.3 1.6 0.05

Total body

(a) Does not include dose associated with decommissioning or refurbishment.



period of 10 years was assumed (rather than a 4-year period) and no
radioactive decay resulting from.a storage period would occur.

Release rates during nine of the years were assumed to be similar to
the current release rates shown in Table 3.5. During one of the
years, release rates were assumed to be two orders of magnitude higher
than current release rates to account for the potentially greater
release rates during. aggressive decontamination methods. Although the
annual release rates during immediate cleanup/reduced effort are
expected to be of the same magnitude as the release rates during the
3- to 4-year period of immediate cleanup, the release from immediate
cleanup/reduced effort will continue over a period of 7 to 10 years.
The annual release rates calculated for atmospheric releases during
the cleanup period are shown in Table D.24 of Appendix D.

Potential Storage Period Following Cleanup. The impact of a
potential storage period following immediate cleanup/reduced effort is
similar to the impact for the potential storage period following imme-
diate cleanup (Section 3.3.2.1). The major difference is that the
storage period for immediate cleanup/reduced effort is assumed to last
14 to 17 years, while the storage period following immediate cleanup
is assumed to last 18 to 19 years. The annual release rates calcu-
lated for atmospheric releases during the potential storage period
following cleanup are shown in Table D.25 of Appendix D.

3.4.2.2 Routine Liquid Releases

Table 3.32 shows the 50-year dose commitment to the maximally
exposed member of the public, to the total population within a 50-mile
(80-kilometer) .radius of the TMI-2 site, and to the population outside
the 50-mile (80-kilometer) radius as a result of routine liquid
releases during immediate cleanup/reduced effort. The dose pathways
to the maximally exposed individual and to the offsite populations
include the drinking of Susquehanna River water, consumption of fish
inhabiting the river, participation in rivershore activities, and the
consumption of shellfish from the Chesapeake Bay, as described in
Section 3.1.2.2. The dose to the population outside the 50-mile
(80-kilometer) radius is attributed solely to the consumption of
Chesapeake Bay shellfish.

The specific assumptions that were used during the calculation of
the impacts for each of the stages during immediate cleanup/reduced
effort are discussed in the following sections.

Cleanup with Reduced Effort. Liquid releases will occur during
the 7- to 10-year period assumed for immediate cleanup/reduced effort.
The source and quantity of liquids will be as discussed in Sec-
tion 3.3.2.2 for immediate cleanup. However, the release will occur
over 7 to 10 years and there will be no period of radioactive decay
before the start of the alternative. The annual release rates calcu-
lated for liquid releases during the cleanup period are shown in
Table D.26 of Appendix D.
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TABLE 3.32. '50-Year Dose Commitments from Routine Liquid Releases.
Resulting from Immediate Cleanup/Reduced Effort®

Dose to Maximally Exposed

Dose to Population
Outside 50-Mile
Radius of TMI-2

from Chesapeake Bay

Shellfish,
person-rem

. Offsite Individual . Population Within 50-Mile Radius of TMI-2
Stage of : - Susquehanna River
Immediate Susquehanna River Water, Fish, Chesapeake Bay
Cleanup/ Water, Fish, Chesapeake Bay Activities Shellfish
Reduced Duration, Dose Activities, Shellfish, Population, Dose, " Population, Dose,
Effort yéars Location mrem mrem thousands person-rem millions . person-rem
Cleanup 10 Bone 0.2 0.006 340 to 400 . 1.0 2.5 to 2.9 0.02

Total body ) 0.1 o 0.0004 0.06 ) 0.001

(a) Does not include dose associated with decommissioning or refurbishment.

2.8
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Potential Storage Period Following Cleanup. As discussed in Sec-
tion 3.1.2.1, during the period of PDMS, a discharge rate of 5000 gal-
lons (19,000 liters) annually was assumed. A somewhat lesser rate
could be assumed for the potential storage period following immediate
cleanup/reduced effort because the volume would result only from water
inleakage and would not include small quantities of water used for
decontamination. However, the cleanup process would have removed
contamination from the areas where any inleakage is expected. Since
no decontamination would occur during this period, it is unlikely that
accumulated liquids would contain measurable levels of contamination.

3.4.2.3 Accidental Atmospheric Releases

The potential for the three accidents listed in Section 3.1.2.3
to result in an airborne release of radionuclides for the immediate
cleanup/reduced effort alternative was evaluated. If the potential
existed for a specific accident, the impact of the accident on the
offsite population was evaluated quantitatively.

Table 3.33 shows the results of this evaluation. The table
lists the 50-year dose commitments to the maximally exposed member of
the public, to the total population within a 50-mile (80-kilometer)
radius of the TMI-2 site, and to the population outside the 50-mile
(80-kilometer) radius as a result of accidental atmospheric releases
during immediate cleanup/reduced effort. The dose commitments to the
maximally exposed member of the public and to the population within
the 50-mile (80-kilometer) radius result from external exposure,
inhalation, and the consumption of food products, as discussed in Sec-
tion 3.1.2.1. The dose commitment to the population outside the
50-mile (80-kilometer) radius results from external exposure, inhala-
tion, and the consumption of food products exported from within the
50-mile (80-kilometer) radius.

The specific assumptions used to determine the potential for each
of the accidents listed in Section 3.1.2.3 during immediate cleanup/
reduced effort and the assumptions made for the quantification of the
impact from the accidental atmospheric releases are discussed in the
following sections.

J

Cleanup with Reduced Effort. The potential for accidents result-
ing in the atmospheric release of radionuclides during the cleanup
phase of immediate cleanup/reduced effort is the same as that for the
corresponding stage of the immediate cleanup alternative discussed in
Section 3.3.2.3. The three potential accidents resulting in airborne
releases that were developed from the list of potential accidents
given in the PEIS (described in Section 3.1.2.3) have a probability of
occurring during the cleanup process. These three accidents are a
fire in the stairwell/elevator structure, the rupture of a double-
stage HEPA filter during decontamination efforts, and the spill of
decontamination solution in the reactor building. The assumptions
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TABLE 3.33. 50-Year Dose Commitments from Accidental Atmospheric Releases
During Immediate Cleanup/Reduced Effort® ' :

. . . N Dose’ to "~ Population Within Dose to Population
Stages of Maximally Exposed 50-Mile Radius of TMI-2 Outside 50-Mile
Immediate Cleanup/ . - Dose Offsite Individual, Population Size, Dose, Radius of TMI-2,
Reduced Effort Accident Description Location mrem millions person-rem __person-rem
Cleanup ' Fire in stairwell Bone " 0.2 2.5 0.01 0.001
Total body 0.02 0.007 0.0004
HEPA filter failure Bone ’ 150 : 2.5 13.0 1.0
- Total body - T 17 . - 8.8 0.5
Decontamination liquid Bone -0.4 2.5 - 0.07 0.002
spill Total body . 0.008 ’ : 0.004 . 0.0001
Potential -Post- Fire in stairwell ’ Bone - 2.4 . 2.9 . .0.2 ' 0.02 -
0.2 - . ’ . 0.2 0.01

cleanup storage _ Total body

(a) Does not include dose associated with ,accident.s‘_durin‘g decommissioning or refurbishment.



made for the evaluation of the impact of each accident occurring dur-
ing the cleanup period are the same as those given in Section 3.3.2.3
for the same-accidents occurring during the cleanup period of the
immediate cleanup alternative. The maximum amounts of radioactive
material calculated to be released to the atmosphere from a fire in
the stairwell/elevator structure, a HEPA filter failure, and a spill
of decontamination solution are given in Tables D.27, D.28, and D.29,
respectively, in Appendix D. o

Potential Storage Period Following Cleanup. Of the accidents
evaluated, only the fire in the stairwell/elevator shaft was deemed to
be a potential accident during a l4-year storage period. ‘It was
assumed that 5 percent of the radioactivity in the stairwell/elevator
structure and in the fuel debris in the basement sludge would remain
following the cleanup period. The accident was evaluated by using the
assumptions in Section 3.3.2.3 for a fire during the potential storage
period following immediate cleanup, except the releases were adjusted
to account for 10 years of radioactive decay. The amount of radio-
active material assumed to be released during this accident is shown
in Table D.30 of Appendix D. '

3.4.2.4 Accidental‘Liquid Releases

Table 3.34 shows the 50-year dose commitments to the maximally
exposed member of the public, to the total population within a 50-mile
(80-kilometer) radius of the TMI-2 site, and to the population outside
the 50-mile (80-kilometer) radius as a-result of accidental liquid
releases during the cleanup stage of ‘immediate cleanup/reduced effort,
the only stage in which there is-'a potential for an accident. The
dose pathways to the maximally exposed member of the public and to the
population within the 50-mile (80-kilometer) radius include the
drinking of Susquehanna River water, consumption of fish taken from
the river, participation in rivershore activities, and the consumption
of shellfish from Chesapeake Bay, as described in Section 3.1.2.2.

The dose commitment to the population outside the 50-mile -
(80-kilometer) radius is attributed solely to the consumption of
Chesapeake Bay shellfish.

The specific assumptions used to determine the potential for an
accidental liquid release of radionuclides during immediate cleanup/
reduced effort and the assumptions made for the quantification of the
impact from the accidental liquid releases are discussed in the
following sections. '

Cleanup with Reduced Effort. The assumed pathway for an acci-
dental liquid release of radionuclides during the cleanup period is
the same as that assumed for the cleanup period following PDMS for the
delayed cleanup alternative (see Section 3.2.2.4); that‘is, the
release of contaminated water to the Susquehanna River based on the
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TABLE 3.34. 50-Year Dose Commitments from Accidental Liqﬁid Releases

During Cleanup Phase of Immediate Cleanup/Reduced Effort®

Dose t-:o Maximally

Exposed Offsite Individual Population Within 50-Mile Radius of TMI-2 Dose to Population
Susquehanna River Outside 50-Mile
Susquehanna River X Water, Fish, Chesapeake Bay Radius of TMI-2
Water, Fish, @~ Chesapeake Bay Activities Shellfish from Chesapeake Bay
Dose Activities, Shellfish, Population, Dose, Population, Dose, Shellfish,
Accident Description _Location mrem mrem thousands = person-rem _millions person-rem person-rem
Storage tank Bone 0.002 0.0001 340 0.02 2.5 0.0004 0.07
rupture Total body 0.0003 0.000008 ’ 0.0005 0.00002 0.004

(a) Does not include dose associated with accidents during decommissioning or refurbishment.



rupture of an 11,000-gallon (42,000-liter) storage tank. The amount
of radioactive material calculated for release during this accident is
shown in Table D.31 of Appendix D.

Potential Storage Period Following Cleanup. No accidents involv-
ing liquid releases were identified on the basis of the information
given in Section 3.4.2.2 for liquid releases during the potential
storage period following immediate cleanup/reduced effort.

3.4.3 Occupational Radiation Dose Evaluation for Immediate Cleanup/
Reduced Effort ' ‘

The occupational radiation dose expected during the cleanup proc-
ess described for immediate cleanup/reduced effort is estimated to be
between 3700 ‘and 9300 person-rem, as-shown in Table 3.35. The esti-
mate includes the doses for cleanup over 7 to 10 years and is essen-
tially the same as the immediate cleanup doses found in Section 3.3.3,
except no doses are included for the 2-year engineering study. This
is the dose required to achieve radiation levels similar to those in
an undamaged reactor facility nearing the end of its operating life;
this dose is in addition to the occupational radiation dose already
received and the dose required to complete the defueling period.

If a decision was made to put the reactor into storage for
14 years after cleanup, as discussed in Section 3.4.1, an additional
8.3 to 14 person-rem of dose would be incurred.

The, estimates given in Table 3.35 are based on a task-by-task
analysis of the work to be done and are presented as a range of values
because of the uncertainties in the' cleanup process and technology.
The range is wide because of uncertainties in the location and depth
of penetration of contamination and in the methods of reactor coolant
system decontamination. In addition, uncertainties exist regarding
the effectiveness of the robots for performing many of the tasks. A
discussion of the methodology used to calculate occupational doses is
found in Appendix H.

3.4.4 Waste Management Considerations of Immediate Cleanup/Reduced
Effort

Cleanup activities will generate waste from a number of proc-
esses, including decontamination of the reactor coolant system,
removal of contaminated portions of the reactor vessel head and
control rod drive mechanisms, removal of the stairwell and elevator
shaft in the basement, and removal of temporary shielding that has
been placed in the reactor building. These activities will also gen-
erate secondary waste consisting of disposable protective clothing,
tools, and equipment. The estimated volumes and classes of waste that
would be generated during the cleanup period are shown in Table 3.36.
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TABLE 3.35. Occupational Radiation Dose Estimates for
Immediate Cleanup/Reduced Effort®

Occupational Dose,

Task Description person-rem
AFHB cleanup ' 65 to 140
Reactor coolant system decontamination - 53 to 920
Reactor building basement general cleanup 670 to 1500
Reactor building cubicle cleanup . 650 to 1400
Reactor building blockwall removal : 77 to 610
D-ring dose reduction ) . : 360 to 780
D-ring final decontamination 370 to 820
Dome and polar crane decontamination ° .10 to 20
Reactor building 347-foot elevation
cleanup: 190 to 410
Reactor building 305-foot elevation
cleanup . _ © 290 to 630
Engineering support , 60 to 130
Health physics support : 550 to 1400
Radioactive waste handling 360 to 550
Post-cleanup monitored storage ‘ 8.3 to 14®

(14 years)

Total® ' 13700 t6 9300

(a) Does not include dose associated with decommissioning or
- refurbishment. ’

(b) Not included in the total.

(c) The totals may not be exact because of rounding.

Quantities of waste generated during the potential l4-year storage
period following cleanup would be small and were not quantified.

For immediate cleanup/reduced; effort, the staff assumed that the
waste generated before the year 2001 (thus, through the end of the
cleanup period) would be disposed of at a currently licensed site.

The currently licensed site was assumed to be the facility operated by
U.S. Ecology near Richland, Washington. The impact of the waste after
disposal at the LLW site is considered to be outside the scope of this
supplement and is the subject of a separate licensing action in
connection with the waste disposal site. C

It is possible that some of the waste generated could exceed
maximum Class C limits, in which case it could not be accepted by a
licensed burial site. The licensee, however, has a unique arrangement
with the U.S. Department of Energy that allows such wastes to be
transferred to the DOE on a cost-reimbursement basis.

S
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TABLE 3.36. Waste Volume Estimates for Immediate Cleanup/
Reduced Effort(?)

Total Waste Volume

Class of Waste(P) fts m®

Class A 91,000 to 120,000 2,600 to 3,400
Class C 19,000 to 33,000 540 to 930
Classes A, B, or C 9,600 to 29,000 270 to 810
Greater than Class C Some possible Some possible
waste :

(a) Does not inoclude waste volumes associated with decommis-
sioning or refurbishment.

(b) Waste is classified according to 10 CFR 61 (CFR 1988a)
criteria. See discussion in Section 2.3.2.

The environmental impact of transporting the waste generated
during immediate cleanup/reduced effort was estimated from the curie
estimates given in Section 2.2. The staff assumed that the waste
would be shipped in the same containers that were assumed for delayed
decommissioning (Section 3.1.4). Wastes were considered to be shipped
to the licensed LLW disposal site near Richland, Washington, with 421
to 559 shipments of Class A waste and between 201 and 438 additional
shipments of unspecified waste (Class A, B, or C). For the purpose of
assessing transportation impacts, it was conservatively assumed that
the unspecified waste would all be Class C waste.

The methodology for the assessment of shipping impacts is
described in Appendix F. Transportation of this waste would result in
the exposure of some members of the public to a very low radiation
dose. The principal exposed group would be the truck crews; however,
others could also be exposed, such as those present at truck stops,
travelers on the highways, and residents along the highways. The
total transportation dose, excluding the dose from accidents that may
occur during shipments, is expected to be 91 to 170 person-rem. The
truck crews would receive the greatest portion of this dose, 60 to
110 person-rem.

As with transportation of any materials, there is a possibility
that incidents during transportation may result in traffic accidents
with or without injuries or fatalities. The estimated number of traf-
fic accidents that might occur during the entire shipping program for
immediate cleanup/reduced effort was 4.5 to 7.2, depending on the
final waste volume. The staff estimated the number of injuries occur-
ring over this shipping program at 3.9 to 6.3 and the number of
fatalities at 0.3 to 0.5 (the probability of a fatality during the
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entire shipping program is between approximately 3 and 5 chances out
of 10). Appendix F provides add1t10na1 details regardlng the analysis
of transportation accidents. :

There is‘also a small probability that accidents may be severe
enough to result in the breach of a waste container and release of
some of the waste, as explained:in Section 3.1.4. The staff estimated
that a dose of about 0.005 to 0.0l person-rem would result from acci- ..
dents during the shipment of all of the waste generated during immedi-
ate cleanup/reduced effort.

3.4.5 Socioeconomic Impacts of Immediate Cleanup/Reduced Effort

The direct socioeconomic impacts of immediate cleanup/reduced
effort were evaluated. The basis for the evaluation is included in
Appendix G. The socioeconomic impacts ‘are expected to be minor. The
staff estimated that the number of workers required to complete
cleanup would be 50 to 75 percent (approximately 580 to 860 persons)
of the number involved in the 1987-1988 defueling and decontamination’
efforts. At the completion of cleanup, the employment level could
change significantly depending-on the disposition of the facility.

One option available at the end of the cleanup is to put the reactor

into post-cleanup storage for 14 years, as discussed in Section 3.4.1.

The number of workers required during this option is assumed to be the

same as that required for PDMS: 100 to 125 in the flrst ‘'year of post-
cleanup storage and 70 to 75 during subsequent years.

Approximately 70 percent of the current work force resides in
the Harrisburg-Lebanon-Carlisle labor market (Cumberland, Dauphin,
Lebanon, and Perry Counties) and 25 percent in Lancaster County. ' This
distribution would not be expected to change significantly during -
cleanup or post-cleanup storage. These jobs are expected to support
approximately half again the number in the surrounding communities, as
outlined in Appendix G.

The labor cost would be about $29 million to $43 million per year
for 580 to 860 workers. The impact on the total income of the local
communities from immediate cleanup/reduced effort is expected to be
approximately -‘twice the payroll level.

3.4.6 Commitment of Resources During Immediate Cleanup/Reduced Effort

The principal resources committed in immediate cleanup/reduced
effort would be money and radioactive burial ground space. Other
resources, such as energy and ion exchange resins, will be relatively
minor. '

The NRC staff has evaluated the cost of this cleanup using 1988 .
dollars. The estimated cost of immediate cleanup/reduced effort
($210 million to $450 million), as presented in Table 3.37, includes
the labor costs addressed in Section 3.4.5, the waste transportation
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TABLE 3.37. Cost of Immediate Cleanup/Reduced Effort®

Projected Cost,
Tvoe of Cost _ $ million®

Labor Costs
7 to 10 years of cleanup 200 to 430 .

Waste Disposal Costs
120,000 ft® to 183,000 ft® (including

decontamination wastes) 6.0 to 9.2
Waste Transportation Costs 4.2 to 6.7

Total® , ’ 210 to 450

(a) Does not include cost of decommissioning or refurbishment.
(b) 1In 1988 dollars. . _
(c) The totals may not be exact because of rounding. -

charges addressed in Section 3.4.4, andfthe waste disposal-.costs dis-
cussed below. If the reactor is placed in post-cleanup stoerage for
14 years following cleanup, as discussed in Section 3.4.1, an addi-
tional $54 million to $59 million in cost would be incurred.

Uncertainties in the labor cost are the result of the duration of
cleanup, inflation, uncertainties in estimating nonlabor overhead

costs, and uncertainties in staffing requirements. The staff assumed

that a work force 50 to 75 percent of the defueling work force could
complete the cleanup in 7 to 10 years. The staff further assumed that
the cost of any new robots would reduce the labor cost; therefore,
they are not estimated as a separate cost.

Burial ground volume, the other significant resource required in
the immediate cleanup/reduced effort alternative, would be required
for the disposal of 120,000 to 183,000 cubic feet (3400 to 5190 cubic
meters) of low-level radioactive waste. The 'waste disposal costs are
based on 1988 rates of $50 per cubic foot ($1800 per cubic meter) plus
surcharges for wastes with higher-than-normal radiation dose rates or
curie content. Uncertainties in waste disposal costs arise from.
uncertainties in waste volume and future waste disposal costs.

3.4.7 Regulatory Considerations of Immediate Cleanup/Reduced Effort

There are no significant regulatory considerations for immediate
cleanup/reduced effort. The NRC would continue to review major.
cleanup activities for approval. There are also no regulatory
considerations that would prevent the licensee from implementing
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storage of the facility, refurbishing the facility, or placing the
facility in decommissioning at the completion of cleanup.

3.5 IMMEDIATE DECOMMISSIONING

\

Immediate decommissioning, as envisioned by the NRC staff, is
described in Section 3.5.1. The offsite dose evaluation is discussed
in Section 3.5.2, occupational dose estimates in Section 3.5.3, waste
management impacts including those of transportation in Section 3.5.4,
socioeconomic impacts in Section, 3.5.5, commitment of resources in
Section 3.5.6, and regulatory considerations in Section 3.5.7.

3.5.1 Description of the Immediate Decommissioning Alternative

For the immediate decommissioning alternative, the staff evalu-
ated only the preparations to decommission the TMI-2 facility. Opera-
tions occurring during the decommissioning of the facility were not
evaluated. The term "immediate" is used to denote that .the prepara-
tions for decommissioning would take place during and following the
completion of the current defueling effort and would not be preceded
by a storage period. The preparations would be a combination of the
preparations for PDMS described in Section 3.1.1.2 and the prepa-
rations for decommissioning following PDMS as discussed in Sec-
tion 3.1.1.4. Preparations would include planning and engineering
(including the preparation of a proposed decommissioning plan),
equipment/system deactivation, and predecommissioning fire inspec-
tions. Small amounts of decontamination might be performed in support
of preparation activities. In addition, extensive plant characteriza-
tion would be conducted to ensure that plant conditions and trends
were documented. It is important to note that not all of the activ-
ities described as preparation efforts for decommissioning discussed
in Section 3.1.1.4 would be conducted during immediate decommissioning
preparations since many of these activities would not be necessary in
the absence of a storage period (e.g., the measurement of the degrada-
tion of systems or components that isolate fuel and contamination and
the cleanup of systems and locations that have exhibited movement of
contamination). Additional decontamination cleanup (other than the
small amounts described above) would not be a part of the immediate
decommissioning alternative; rather, it would be part of the decom-
missioning process and will not be evaluated here.

Although preparation of a decommissioning plan could require
several years' effort and approval of the plan could require an addi-
tional 2 years, for purposes of evaluation, the preparation phase.is
evaluated based on a duration of 2 years. A 2-year period for decom-
missioning preparations could be deemed the upper limit for plant-
related activities necessary for decommissioning; that is, the length
of time necessary to implement this alternative should the licensee
immediately come forward with a decommissioning plan.
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3.5.2 O0Offsite Dose Evaluation for Immediate Decommissioning

The evaluation of the radiation dose to the offsite population as
a result of the immediate decommissioning alternative includes an
assessment of the dose from routine atmospheric releases, routine
liquid releases, accidental atmospheric releases, and accidental
liquid releases of radioactive material.

3.5.2.1 Routine Atmospheric Releases

Table 3.38 shows the 50-year dose commitment to the maximally
exposed member of the public, to the total population within a 50-mile
(80-kilometer)- radius of the TMI-2 site, and to the population outside
the 50-mile (80-kilometer) radius as a result of routine atmospheric
releases during immediate decommissioning. The dose commitments to
the maximally exposed member of the public and to the: population
within the 50-mile (80-kilometer) radius result from external expo-
sure, inhalation, and the consumption of food products, as discussed
in Section 3.1.2.1. The dose commitment to the population outside the
50-mile (80-kilometer) radius results from external exposure, inhala-
tion, and the consumption of food products exported from within the
50-mile (80-kilometer) radius.

The preparations for immediate decommissioning would take place
during and following the completion of the current defueling effort.
Preparation activities would not be expeécted to increase the amount of -
airborne contamination beyond that currently being released. The.
release rates were estimated using the methodology that was used for-
the decommissioning preparations period for the delayed decommission-
ing alternative, which was based on the current release rates (as dis-
cussed in Section 3.1.2.1). However, radioactive decay during an
intervening storage period was not considered. The amount of radio-
active material calculated to be released annually is shown in
Table ®.32 of Appendix D.

3.5.2.2 Routine Ligquid Releases

Table 3.39 shows the 50-year dose commitment to the maximally
exposed member of the public, to the total population within a 50-mile
(80-kilometer) radius of the TMI-2 site, and to the population outside
the 50-mile (80-kilometer) radius as a result of routine liquid
releases during preparations for immediate decommissioning. The dose
pathways to’ the maximally exposed individual and to the offsite popu-
lations include the drinking of Susquehanna River water, consumption
of fish from the river, participation in rivershore activities, and
consumption of 'shellfish from Chesapeake Bay, as described in Sec-
tion 3.1.2.2. The dose to the population outside the 50-mile
(80-kilometer) radius is attributed solely to the consumption of
Chesapeake Bay shellfish.
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TABLE ‘3.38. 50-Year Dose Commitments from Routine Atmospheric Releases Resulting
from Immediate Decommissioningw

Dose to Population Within Dose to Population
Stage of ’ 7 Maximally Exposed 50-Mile Radius of TMI-2 Outside S0-Mile
Immediate Duration, Dose Offsite Individual, Population Size, Dose, Radius of TMI-2,
Decommissioning years Location mrem millions person-rem person-rem
Decommissioning 2 Bone 0.05 2.5 0.01 0.002
Preparations . Total body 0.001 _ 0.0009 0.0001

(a) Does not include dose associated with decommissioning.
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TABLE 3.39. 50-Year Dose Commitments from Routine Liquid Releases Resulting
from Preparations for Immediate Decpmmissioning@

Dose to Maximally

Exposed Offsite Individual Population Within 50-Mile Radius of TMI-2 Dose to Population
Susquehanna River Outside 50-Mile
Susquehanna River . Water, Fish, - Chesapeake Bay Radius of TMI-2
Water, Fish, Chesapeake Bay Activities ] Shellfish from Chesapeake Bay
Duration, Dose Activities, Shellfish, Population, Dose, Population, Dose, Shellfish,
years Location mrem mrem thousands person-rem _millions person-rem person-rem
2 Bone 0.007 0.00009 340 0.02 2.5 0.0002 . 0.05
Total body 0.006 0.00002 0.002 0.00003 0.006

(a) Does not include dose associated with decommissioning.



During preparations for immediate decommissioning, liquid
releases will result from groundwater and precipitation inleakage
as well as from small amounts of decontamination liquids. Although
the quantity of liquid produced during decontamination processes is
likely to be small, a maximum annual release of 20,000 gallons
(76,000 liters) was assumed, as described in Section 3.1.2.2 for
liquid releases during delayed decommissioning preparations. Liquids
that are not directly releasable pursuant to 10 CFR 20, Appendix B,
Table II, Column 2 (CFR 1988a) and the licensee's technical specifica-
tion limits would be processed through the EPICOR II system. The
annual release rates were estimated using the same methodology used
for estimating routine liquid releases during the decommissioning
preparations for delayed decommissioning (Section 3.1.2.2). However,
radioactive decay during an intervening storage period was not con-
sidered. The amount of radioactive material calculated to be released
annually is shown in Table D.33 of Appendix D.

3.5.2.3 Accidental Atmospheric Releases

The potential for each of the three accidents listed in Sec-
tion 3.1.2.3 to result in an airborne release of radionuclides was
evaluated for the immediate decommissioning alternative. The fire in
the stairwell/elevator structure and the HEPA filter failure were
deemed to be the only potential accidents. The impact of these acci-
dents on the offsite population was evaluated quantitatively.

Table 3.40 shows the results of this evaluation. The table
lists the 50-year dose commitments to the maximally exposed member of
the public, to.the total population within a 50-mile (80-kilometer)
radius of the TMI-2 site, and to the population outside the 50-mile
(80-kilometer) radius as a result of accidental atmospheric releases
during the immediate decommissioning alternative. The dose commit-
ments to the maximally exposed member of the public and to the popu-
lation within the 50-mile (80-kilometer) radius result from external
exposure, inhalation, and the consumption of food products, as dis-
cussed in Section 3.1.2.1. The dose commitment to the population
outside the 50-mile (80-kilometer) radius results from external
exposure, inhalation, and the consumption of food products exported
from within the 50-mile (80-kilometer) radius.

The assumptions used to quantitatively evaluate the impacts of
these accidents are similar to those given in Section 3.1.2.3 for
preparations for decommissioning for the delayed decommissioning
alternative, except that radioactive decay during an intervening
storage period was not considered. The amounts of radioactive mate-
rial calculated for release during the fire and the HEPA filter fail-
ure accidents are presented in Tables D.34 and D.35, respectively, in
Appendix D.
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TABLE 3.40. 50-Year Dose Commitments from Accidental Atmospheric Releases
During Preparations for Immediate Decommissioning®

Dose to Population Within Dose to Population
Maximally Exposed 50-Mile Radius of TMI-2 Outside 50-Mile
Dose Offsite Individual, Population Size, Dose, Radius of TMI-2,
Accident Description Location mrem millions person-rem person-rem
Fire in stairwell Bone 0.2 2.5 i 0.008 0.001
Total body 0.02 0.005 0.0004
HEPA filter failure Bone 0.2 2.5 .0.008 0.001
Total Body 0.006 0.0007 0.00007

(a) Does not include dose associated with accidents during decommissioning.




3.5.2.4 Accidental Liquid Releases

s

Radioactively contaminated liquids that could not be released
directly to the environment (pursuant to 10 CFR 20, Appendix B,
Table II, Column 2 (CFR 1988a) and the licensee's technical specifica-
tions) would be collected in the miscellaneous waste holdup tank,
transferred to the chemical cleaning building, and processed through
the EPICOR II system before final sampling and discharge. Based on
the use of the EPICOR II system at TMI-2 (NRC 1979c), there are no
credible accidents that would result in a liquid release during the
transfer or processing of the small amounts of liquids produced during
the decommissioning preparation activities (see Section 3.1.2.4 for a
discussion of the accidental releases during PDMS).

3.5.3 Occupational Radiation Dose Evaluation for Immediate
Decommissioning

The occupational radiation dose to prepare the TMI-2 facility
for immediate decommissioning is estimated to be between 17-and
41 person-rem, as shown in Table 3.41. The dose estimate in
Table '3.41 is in addition to the occupational radiation dose already
received and that required to complete defueling. :

The estimates presented in Table 3.41 are based on a task-by-task
analysis of the work to be done. They are presented as a range of
values because of the uncertainties in the specific activities that
would occur during the 2 years of preparations for immediate decommis-
sioning. A discussion of the methodology used to calculate occupa-
tional doses is found in Appendix H. ' '

TABLE 3.41. Occupational Radiation Dose .Estimates for Preparations
for Immediate Decommissioning (2-year duration of
activities)® '

Occupational
. Dose,
Task Description : Person-rem
.Radioactive waste handling .0.7 to 1.1
2-year decommissioning preparation - _16 to 40
activities
Total® 17 to 41

(a) Does not include dose associated with decommissioning.
(b) The totals may not be exact because of rounding.
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3.5.4 Waste Management Considerations of Immediate Decommissioning

The quantity, radiation level, and classification of waste that
would be produced during preparations for immediate decommissioning
were evaluated on the basis of current regulatory requirements.
Activities performed during this 2-year period are discussed in Sec-
tion 3.5.1. Estimated volumes and classes of waste that would be
generated during preparations for immediate decommissioning are pre-
sented in Table 3.42. The bases for the estimates are found in
Appendix F. ‘

For the immediate decommissioning alternative, the staff has
assumed that the waste would be disposed of at a currently licensed
site, assumed to be the facility operated by U.S. Ecology near _
Richland, Washington. The impact of the waste after disposal at this
site is considered to be outside the scope of this supplement and is
the subject of a separate licensing action in connection with the
waste disposal site. The staff assumed that the waste would be '
shipped in the same containers as those described in Section 3.1.4 for
the delayed decommissioning alternative. It was estimated that
1 shipment of Class A waste and 1 to 2 shipments of Class C waste
would be made to the currently licensed site.

The methodology for the assessment of shipping impacts is
described in Appendix F. Transportation of this waste would result in
the exposure of some members of the public to a very low radiation
dose. 'The principally exposed group would be the truck crews; how-
ever, others would also be exposed, such as those present at truck
stops, travelers on the highways, and residents along the highways.
The total transportation dose, excluding the dose from accidents that
may occur during shipments, is expected to be 0.3 to 0.5 person-rem.
The truck crews would receive the greatest portion of this dose, 0.1
to 0.3 person-rem.

TABLE 3.42. Waste Volume Estimates for Preparations for Immediate

Decommissioning®
) Total Waste Volume
Class of Waste® fel ‘m®
Class A dry radioactive waste 60 to 200 1.7 to 5.7
Class B or C air filters 0 to 130 0 to 3.5
Class A, B, or C residue from 10 to 40 0.3 to 1.1

liquid waste treatment

(a) Does not include waste volumes associated with
decommissioning.

(b) Waste is classified according to. 10 CFR 61 (CFR 1988a)
criteria. See discussion in Section 2.3.2.
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As with transportation of any materials, there is a possibility
that incidents during transportation may result in traffic accidents
with or without injuries or fatalities. - The estimated number of traf-
fic accidents that might occur during the entire shipping program for
immediate decommissioning preparations was 0.007 to 0.02 (the prob-
ability of an accident during the entire shipping program is between
approximateiy 7 and 20 chances_in 1000), depending on the final waste
volume. The staff estimated the number of injuries occurring during
this shipping program at about 0.007 to 0.0l (the probability.of an
injury accident during the -entire shipping program is between approxi-
mately 7 and 10 chances in 1000) and the number of fatalities at about
0.0006 to 0.001 (the probability of a fatality during the entire ship-
ping program is between approximately 6 and 10 chances in 10,000).
Appendix F provides additional details regarding the analysis of
transportation accidents.

There is a small probability that accidents may be severe enough
to result in the breach of a waste container and release of some of
the waste, as discussed in Section 3.1.4. The staff estimated that a
population dose of about 0.00002 to 0.00003 person-rem would result
from accidents during shipment of all the waste generated during
preparations for immediate decommissioning.

3.5.5 Socioeconomic Impacts of Immediate Decommissioning

The direct socioeconomic impacts of preparations for the immedi-
ate decommissioning alternative were evaluated. The basis for the
evaluation is included in Appendix G. The socioeconomic impacts of
the immediate decommissioning alternative are expected to be minor.
The NRC staff assumed that the work force employed during the 2-year
period would be twice as large as that employed during the first years
of PDMS for the delayed decommissioning alternative; that is, 200 to
250 workers during the first year and 140 to 150 during the second
year. However, it 'is expected that the exact staffing level would
depend on the specific activities that would be conducted during the
preparations of the facility for 'decommissioning.

Approximately 70 percent of the current work force resides in the
Harrisburg-Lebanon-Carlisle labor market (Cumberland, Dauphin, -
Lebanon, and Perry Counties) and 25 percent in Lancaster County. This
distribution would not be expected to change significantly during
decommissioning preparations. These jobs are expected to support
approximately half again the number in the surrounding communities, as
outlined in Appendix G.

The labor cost would be about $17 million to $20 million during
the 2-year period of preparations for decommissioning. The impact on
the total income of the local communities from the immediate decom-
missioning alternative/is expected to be approximately twice the pay-
roll level, $34 million to $40 million.
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3.5.6 Commitment of Resources During Immediate Decommissioning

The principal resources committed in the preparations for immedi-
ate decommissioning of TMI-2 would be money and radioactive burial
ground space. Other resources, such as energy and ion exchange
resins, would be relatively minor.

- The NRC staff evaluated the cost of the preparations for immedi-
ate decommissioning using 1988 dollars. The estimated cost of prep-
arations for immediate decommissioning ($17 million to $20 million) as
presented in Table 3.43, includes the labor costs addressed in Sec-
tion 3.5.5, the waste transportation charges addressed in Sec-
tion 3.5.4, and the waste disposal costs discussed below.

Uncertainties in the labor cost are .due to the duration of
decommissioning preparations, inflation, uncertainties in estimating
nonlabor overhead costs, and uncertainties in staffing requirements.

Burial ground volume, the other significant resource required for
the immediate decommissioning alternative, would be required for the
disposal of 70 to 370 cubic feet (2.0 to 10 cubic meters) of low-level
radioactive waste. The waste disposal costs are based on 1988 rates
of $50 per cubic foot ($1800 per cubic meter) plus surcharges for
wastes with higher-than-normal radiation dose rates or curie content.
Uncertainties in waste disposal costs arise from uncertainties in
waste volume and future waste disposal costs.

TABLE 3.43. Projected Cost of Preparatlons for Immediate
Decommissioning®

Projected Cost,
Tvpe of Cost 8 million®™

Labor Costs 17 to 20
2-year preparation period

Waste Disposal Costs
70 ft® to 370 ft® (including

decontamination wastes) 0.004 to 0.02
Waste Transportation Costs 0.009 to 0.018
Total® . 17 to 20

(a) Does not include cost of. decomm1551on1ng
(b) In 1988 dollars.
(c) The totals may not be exact because of rounding.
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3.5.7 Regulatory Considerations of Immediate Decommissioning -

There are no regulatory considerations that would prevent the
licensee from implementing preparations for the immediate decommis-
sioning of the facility. The licensee would, however, be required to
submit a decommissioning plan 2 years after the decision to perma-
nently cease operations and decommission the facility.

3.6 INCOMPLETE DEFUELING

Incomplete defueling, as envisioned by the NRC staff, is
described in Section 3.6.1. The offsite dose evaluation is discussed
in Section 3.6.2, occupational dose estimates in Section 3.6.3, waste
management impacts including those of transportation in Section 3.6.4,
socioeconomic impacts in Section 3.6.5, commitment of resources in
Section 3:.6.6, and regulatory considerations in Section 3.6.7. A
description of possible variations within the alternative of incom-
plete defueling is given in Section 3.6.8.

3.6.1 Description of the Incomplete Defueling Alternative:

The alternative of incomplete defueling involves the removal of
less than 99 percent of the fuel from the TMI-2 reactor vessel, reac-
tor coolant system, and associated piping. Several assumptions are
made for the analysis of this alternative as discussed in this
section. '

_ First, it is assumed that the licensee is unable to remove the
30 percent of the fuel that was remaining in the reactor vessel on
January 6, 1989.(2) Thus, 15 percent of the total core debris (fuel,
structural material, and absorber material) would remain in the
reactor vessel following completion of .the current defueling, corre-
sponding to approximately 44,000 pounds (20,000 kilograms) of fuel.
The estimated quantity of fuel in the remainder of the facility
(outside the reactor vessel) is: given in Table 2.2 (Section 2.1.3).

The second major assumption is that a criticality analysis of the
remaining fuel indicates no possibility of a criticality. The improb-
ability of a criticality would also need to be demonstrated for any
potential accident occurrence. However, it is likely that with
15 percent of the fuel remaining additional precautions, such as
installation of a neutron absorber or cutting and capping piping into
the containment building, would be necessary to preclude criticality.

"(a) This alternative was evaluated before the licensee had removed
greater than 85 percent of the fuel. Although the NRC staff
recognizes that the licensee has removed greater than 85 percent
of the fuel, the analysis of this alternative still serves as a
bounding case.
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A third assumption is that the reactor vessel would be sealed,
either by replacing the head onto the reactor vessel, by sealing the
internals indexing fixture, or by some other method so that there
would be little or no communication between the air in the reactor
vessel and the air in the reactor building.

This section evaluates the impact of incomplete defueling of the
reactor vessel in conjunction with the licensee's proposal for delayed
decommissioning. The activities occurring during incomplete defueling
are thus assumed to be similar to the activities proposed by the
licensee for the delayed decommissioning, as evaluated in Section 3.1.
However, only 85 percent of the fuel will have been removed in prepa-
ration for the incomplete defueling alternative, as opposed to the
99 percent of the fuel assumed to be removed before the delayed decom-
missioning alternative. Specifically, after defueling of the reactor
vessel to the point that 85 percent of the fuel has been removed,
preparations would be made to.place the facility into PDMS (as
described in Section 3.1.1.2). " Additional preparations such as
installation of a neutron absorber or cutting and capping piping to
preclude criticality might be necessary. It is assumed that the
facility would remain in storage until TMI-1 was ready for decom-
missioning, estimated by the staff for the purposes of this analysis
to be a period of 23 years (corresponding to a 40-year period follow-
ing the issuance of the TMI-1 operating license). At the end of the
storage period, a short period of time (estimated by the NRC staff to
be less than 1 year) would be necessary for any decommissioning prep-
arations. Then, the facility would be decommissioned. No large-scale
cleanup and no additional defueling would occur following storage or
preceding decommissioning.

The following sections address the preparations required for
PDMS, the surveillance and maintenance activities occurring during
PDMS, and the preparations for decommissioning following the con-
clusion of PDMS. Although the incomplete defueling alternative was
developed to closely parallel the delayed decommissioning alternative,
the impact of the removal of only 85 percent of the fuel was also
considered for the four NRC staff-identified alternatives discussed
previously. These impacts are briefly addressed in Section 3.6.8.

3.6.1.1 Preparations for PDMS

The PDMS preparation period would begin as the current defueling
effort was finishing. Greater than 85 percent of the fuel would have
been removed from the reactor vessel. At the start of the PDMS prep-
arations period, the decontamination of building and equipment sur-
faces to radiation levels approximating the licensee's established
goals (Table 3.2) and the packaging and disposal of radioactive wastes
associated with the decontamination activities would be largely com-
plete. At this time, the reactor vessel would be covered and sealed
with the reactor vessel head or the internals indexing fixture or by
some other mechanism. The water would be drained from the spent fuel
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pools and would be removed for reprocessing. Preparations would
likely be made to ensure that the remaining fuel would not become
critical. Such preparations could include installing a neutron
absorber, or cutting and capping the piping systems that go into the
reactor building. Additional preparations (as discussed in

Section 3.1.1.2) would include equipment/system deactivation, modifi-
cation and activation of PDMS support systems, pre-PDMS fire inspec-
tions, pre-PDMS radiation surveys, completion of the post-defueling
survey, area decontamination, and disposal of remaining liquid and
solid waste inventories. Shielding would be placed as necessary to
reduce dose rates from the drained systems. It is anticipated that
this preparation phase would last between 6 months and 1 year.

3.6.1.2 Activities During PDMS

As described in Section 3.1.1.3, activities during PDMS would
include periodic entries to inspect, monitor, and maintain the facil-
ity. In addition to the types of inspections discussed in Sec-
tion 3.1.1.3, inspections of the seals on the reactor vessel would be
made to ensure that the contamination in the reactor vessel was iso-
lated from the remainder of the building. Inspections of any equip-
ment that had been installed to preclude criticality would also be
made.

3.6.1.3 Preparations for Decommissioning

Following PDMS, preparations would be made to decommission the
facility. The period of preparations for decommissioning is estimated
to require less than 1 year and would include measurements of residual
fuel, general area radiation, surface contamination, and the degrada-
tion of systems or components that isolate fuel and contamination.
Preparations would also include the cleanup of systems and locations,
including any that exhibited movement of contamination. However, no
large-scale cleanup operations would occur unless it was demonstrated
that a need existed for additional cleanup. No additional defueling
of the reactor vessel would occur. At the end of the preparations
period, the facility would be decommissioned. The impacts associated
with additional cleanup (to levels associated with an undamaged reac-
tor facility nearing the end of its operating life) as well as addi-
tional defueling would be considered as part of decommissioning and
are not discussed here.

3.6.2 Offsite Dose Evaluation for Incomplete Defueling

The evaluation of radiation dose to the offsite population as a
result of the incomplete defueling alternative includes an assessment
of the dose from routine atmospheric releases, routine liquid
releases, accidental atmospheric releases, and accidental liquid
releases of radioactive material.
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3.6.2.1 Routine Atmospheric Releases

The routine atmospheric releases of radioactive material during
the incomplete defueling alternative are estimated to be the same as
those shown in Table 3.4 and described in Section 3.1.2.1 for each
stage of the delayed decommissioning alternative. These stages, as
described in Section 3.6.1 for the incomplete defueling alternative,
include preparations for PDMS, PDMS, and preparations for decommis-
sioning. The assumptions that were used for the evaluation of the
impacts for each of the stages of the incomplete defueling alternative
are discussed in the following sections.

Preparations for PDMS. The preparations to place the TMI-2
facility into PDMS are expected to take place concurrently with the
completion of defueling and are not expected to result in any
increased release of airborne contamination beyond the range of cur-
rent releases shown in Table 3.5 for the period January 1, 1987, to
September 30, 1988. The specific assumptions that were used for the
calculation of the impacts from preparations for PDMS as a result of
incomplete defueling are the same as those discussed in Sec-
tion 3.1.2.1 for preparations for PDMS for the delayed decommis-
sioning alternative.

During PDMS. The assumptions used in evaluating the impacts of
atmospheric releases during the PDMS period of incomplete defueling
are the same as those described in Section 3.1.2.1. The additional
fuel in the reactor vessel is not expected to contribute to releases
from the facility because it would be sealed inside the reactor ves-
sel, reactor coolant system, and associated components.

Preparations for Decommissioning. The assumptions used in evalu-
ating the impacts of incomplete defueling during preparations for
decommissioning are the same ‘as those described in Section 3.1.2.1 for
preparations for decommissioning for the delayed decommissioning
alternative. The additional fuel in the reactor vessel is not
expected to contribute to releases from the facility since it will
continue to be sealed inside the reactor vessel.

3.6.2.2 Routine Liquid Releases

The routine liquid releases of radioactive material during incom-
plete defueling will be the same as those shown in Table 3.7 and '
described in Section 3.1.2.2 for each stage of the delayed decommis-
sioning alternative. These stages, as described in Section 3.6.1 for
the incomplete defueling alternative, include preparations for PDMS,
PDMS, and preparations for decommissioning. The assumptions that were
used in evaluating the impacts for the stages of the incomplete
defueling alternative are discussed in the following sections.

Preparations for PDMS. The preparations for PDMS are expected to
take place concurrently with the completion of defueling and are not
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expected to result in any increased release of liquid contamination
beyond the range of current releases shown in Table 3.7 for the period
of January 1, 1987, to September 30, 1988. The specific assumptions
used in calculating impacts from preparations for PDMS as a result of
incomplete defueling are the same as those discussed in Sec-

tion 3.1.2.2 for preparations for PDMS during the delayed decom-
missioning alternative.

During PDMS. The assumptions that were used for the evaluation
of the impacts of liquid releases during PDMS for the incomplete
defueling alternative are the same as those described in Sec-
tion 3.1.2.2. The additional fuel in the reactor vessel is not
expected to contribute to the magnitude of contamination levels in
liquid releases from the facility because the fuel would be sealed
inside the reactor vessel, reactor coolant system, and associated
components.

Preparations for Decommissioning. The assumptions that were used
for the evaluation of the impacts of liquid releasés during prepara-
tions for decommissioning for the incomplete defueling alternative are
the same as those described in Section 3.1.2.2 for preparations for
decommissioning for the delayed decommissioning alternative. The
additional fuel in the reactor vessel is not expected to contribute to
the contamination levels in liquid releases from the facility because
the fuel will continue to be sealed inside the reactor vessel and no
additional defueling is expected to occur during this period.

]

3.6.2.3 Accidental Atmospheric Releases

The potential for each.of .the.three accidents ‘listed in-Séc-
tion 3.1.2.3 to result in an airborne release of radionuclides was
evaluated for each stage of the incomplete defueling alternative. The
potential for these accidents was the same as that discussed in Sec-
tion 3.1.2.3 for the delayed decommissioning alternative. The impacts
of the potential accidents during each stage of incomplete defueling
were the same as the impacts listed in Table 3.8 for delayed decom-
missioning. The assumptions that were used to determine the potential
for each of the accidents during the stages of incomplete defueling
and those made for quantifying the impacts are discussed in the fol-
lowing sections.

Preparations for PDMS. As discussed in Section 3.1.2.3, the
potential for accidental releases during preparations for PDMS is
expected to be similar to the potential during defueling, which was
evaluated in the PEIS. The preparations for PDMS would be a contin-
uation of current cleanup activities and are not expected to increase
the potential for release of airborne contamination if an accident
should occur, even with the presence of additional fuel in the reactor
vessel.
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During PDMS. The fire in the stairwell/elevator structure was
identified as the only accident that could occur during PDMS that
would result in an apprec1able atmospheric release of radionuclides.
The impact of this accident and the assumptions made to determine the
impact would be identical to those discussed in Section 3.1.2.3. The
additional fuel remaining in the reactor vessel would not alter the
impact of this accident because only the enclosed stairwell/elevator
structure and the fuel debris in the basement would be involved in the
fire.

Preparations for Decommissioning. Two potential accidents were
identified as resulting in atmospheric releases during the prepara-
tions for decommissioning following PDMS: a fire in the stairwell/
elevator structure and a failure of both stages of a double-stage HEPA
filter. Because the fuel remaining in the reactor vessel would be
sealed and separated from the reactor building atmosphere, it would
not be involved in the fire and would not be present in the reactor
building atmosphere during the HEPA filter failure. Thus, the assump-
tions used for the release calculations would be the same as those
evaluated in Section 3.1.2.3.

3.6.2.4 Accidental Liquid Releases

An evaluation was made of the potential for accidents resulting
in liquid releases of radionuclides during the incomplete defueling
alternative. As discussed in Section 3.1.2.4, the accident evaluated
was the rupture of a tank containing liquid that had been treated at
least partially to remove radioactive material. No potential for this
accident was determined for any of the three stages of the incomplete
defueling alternative. This conclusion was based on the same assump-
tions discussed in ‘Section 3.1. 2 4 for the delayed decomm1551on1ng
alternative.

3.6.3 Qccupational Radiation Dose Evaluation for Incomplete Defueling

The occupational radiation doses resulting from the incomplete
defueling of the reactor vessel will be similar to those shown.in
Table 3.9 for the 23-year period of PDMS although some additional
occupational dose may be received during the preparation for storage
and during storage, depending on the methods that would be required to
preclude criticality. These doses are in addition to the occupational
radiation dose already received and that necessary to complete removal
of 85 percent of the fuel, but do not include the dose that would be
received during removal of the remaining 15 percent of the fuel. The
dose to the workers in the reactor building from the remaining 15 per-

~cent of the fuel during preparations for PDMS, PDMS, and preparations
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for decommissioning was calculated by the licensee® to be approxi-
mately 1 percent of the dose from the activated metals in the reactor
vessel. The licensee's calculations were verified by the NRC.staff

. using the computer code MCNP (Los Alamos National Laboratory 1981).

3.6.4 Waste Management Considerations of Incomplete Defueling

Waste management impacts for incomplete defueling would be simi-
lar to those presented in Section 3.1.4 for delayed decommissioning
since no additional fuel would be removed during this alternative.

The amount of waste generated is shown in Table 3.10. The number of
waste shipments is given in Table 3.11, and the impacts of transport-
ing the waste are shown in Table 3.12. No additional waste shipments
or associated impacts would result from the remaining 15 percent of
the fuel because the fuel would not be removed during either the prep-
arations for PDMS, PDMS, or the preparations for decommissioning.

3.6.5 Socioeconomic Impacts from Incomplete Defueling

Socioeconomic impacts for incomplete defueling would be similar
to those discussed in Section 3.1.5 for delayed decommissioning. No
additional workers would be needed, since the fuel would not be
removed during this alternative.

3.6.6 Commitment of Resources During Incomplete Defueling

The commitment of resources for the work force and the waste
disposal costs for the incomplete defueling alternative would be

similar to those discussed in Section 3.1.6 and shown in Table 3.13 = .. . . ... . ...,

for delayed decommissioning. However, an additional expense would
accompany the design, purchase, and installation of equipment that
might be used to preclude criticality (such as a neutron absorber).

3.6.7 Regulatory Considerations of Incomplete Defueling

The major regulatory consideration would involve demonstration by
the licensee that criticality was precluded even if an accident should
occur. In addition, the regulatory considerations given in Sec-
tion 3.1.7 for the delayed decommissioning alternative would apply.

3.6.8 Impact of Incomplete Defueling of the Reactor Vessel on NRC
Staff—Identified Alternatives

The impact of the removal of only 85 percent of the fuel was con-
sidered for the NRC staff-identified alternatives of delayed cleanup,
immediate cleanup, immediate cleanup/reduced effort, and immediate

\

(a) GPU Nuclear. March 28, 198§. "Dose Rates from a Drained Reactor
Vessel." TB-89-04, Rev. 0, TMI-2 Technical Bulletin.
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decommissioning. The impacts of leaving 15 percent of the fuel, which
vary significantly among the alternatives, are briefly discussed in
this section.

3.6.8.1 Description of Incomplete Defueling During Alternative
Activities :

For incomplete defueling as a part of delayed cleanup, immediate
cleanup, and immediate cleanup/reduced effort, the activities would be
the same as those described in Sections 3.2.1, 3.3.1, and 3.4.1,
respectively, with the following excéptions. The removal of the
remaining 15 percent of the fuel likely would be one of the earliest
activities initiated during the cleanup phase of delayed cleanup,
immediate cleanup, and immediate cleanup/reduced effort. This
activity would necessitate either refilling the reactor vessel with
water (in the case of delayed cleanup) or possibly not draining the
system initially (in the cases of immediate cleanup and immediate
cleanup/reduced effort). The methods used to remove the fuel would be
similar to the methods currently being used by the licensee, although
advanced robotic methods possibly could be available during the
defueling that would take place during the delayed cleanup period
following PDMS. The cleanup period could be from 3 months to 1 year
longer than assumed previously, to account for the removal of the
remaining fuel.

The activities during immediate decommissioning would not be
different from those given in Section 3.5.1, even if 15 percent of the
fuel remains in the reactor vessel. The facility would be prepared
for decommissioning in the same manner discussed in Section 3.5.1.

3.6.8.2 Offsite Dose Evaluation During Incomplete Defueling for
‘ Remaining Alternatives

\

Additional offsite doses would be. likely during the cleanup
period following PDMS for the delayed cleanup alternative and during
immediate cleanup and immediate cleanup/reduced effort as a result of °
incomplete defueling. This dose would result from defueling activ-
ities as the remaining 15 percent of the fuel is removed. The offsite
doses from routine atmospheric releases and liquid releases are not
expected to be any higher than current release rates during the
defueling process. Releases during delayed cleanup are expected to be
lower than current releases because of the decay during the storage
period. The cleanup periods, however, could be approximately 3 months
to 1 year longer than those assumed in Sections 3.5.2, 3.5.3, and
3.5.4. This would increase the 50-year dose commitment to the public
because of the longer period of release.

Offsite doses for the immediate decommissioning alternative with
15 percent of the fuel remaining are not expected to be different from
those presented for immediate decommissioning in Section 3.5.2 because
the fuel would not be removed before decommissioning begins.
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The offsite dose resulting fgom accidents would not vary for the
immediate decommissioning alternative or for the PDMS period of the
delayed cleanup alternative. For the case where more than 1 percent
of the fuel is left at the time of decontamination of the reactor
coolant system, however, the impact of a spill of decontamination
solution,in the reactor building during the cleanup period of delayed
cleanup, immediate cleanup, or immediate cleanup/reduced effort could
be somewhat greater than those estimated in Sections 3.2.2.3, 3.3.2.3,
and 3.4.2.3, respectively. The impact would depend on the amount of
fuel remaining when decontamination solutions were used for reactor
coolant system decontamination.

3.6.8.3 Occupational Dose Impacts

Occupational doses resulting from incomplete defueling for the
alternatives of delayed cleanup, immediate cleanup, and immediate
cleanup/reduced effort would be similar to those presented in Sections
3.2.3, 3.3.3, and 3.4.3, respectively, except for the dose associated
with removal of 15 percent of the fuel during cleanup activities.
These doses would be similar to the occupational doses currently being
received during defueling activities. For.the year 1988, when most of
the cleanup efforts were associated with defueling, an occupational
dose of 917 person-rem was observed. An occupational dose of this
magnitude could be expected if the removal of the remaining 15 percent
of the fuel required an additional year. If the fuel removal process
required less than a year to complete, a smaller dose would be
expected. There would be some dose savings for the removal of fuel
during the delayed cleanup alternative because of radioactive decay in
the intervening period of PDMS.

Occupational doses for immediate decommissioning would be similar
to those presented in Section 3.5.3 because the dose from the fuel
remaining in the reactor vessel will be small compared with the dose
from the activated metals in the reactor vessel.

3.6.8.4 Waste Management Impacts

Waste management impacts resulting from leaving 15 percent of the
fuel during the delayed cleanup, immediate cleanup, and immediate
cleanup/reduced effort alternatives would be greater than the impacts
assessed in Sections 3.2.4, 3.3.4, and 3.4.4, respectively. The core
material as well as associated waste generated during the removal of
the core material would have to be shipped offsite. The nonfuel
wastes would be shipped to the nearest available LLW disposal site.
The core material would not be accepted at a LLW disposal site; either
the agreement with the U.S. Department of Energy that allows transfer
of wastes exceeding Class C limits to the U.S. Department of Energy
would have to be renegotiated or other arrangements would be neces-
sary. It is possible that a commercial spent-fuel repository or
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storage facility would be in operation at the time of cleanup
following the storage period of the delayed cleanup alternative.

No additional waste management impacts would result from the
additional 15 percent of the fuel that would remain during immediate
decommissioning because it is expected that no additional waste would
be generated during immediate decommissioning. The waste management
impacts for this alternative would not be different from the impacts
assessed in Section 3.5.4.

3.6.8.5 Socioeconomic Impacts

Incomplete defueling during the delayed cleanup, immediate
cleanup, or immediate cleanup/reduced effort alternatives would
increase the socioeconomic impacts discussed in.Sections 3.2.5, 3.3.5,
and 3.4.5, respectively, because additional work would be necessary
during these ‘alternatives to remove the remaining 15 percent of the
fuel. An increase in the size of the work force most likely would not
be necessary, but the amount of time necessary to complete the cleanup
would increase. It is estimated that an additional 3 months to 1 year
would be needed to remove the remaining fuel. '

The socioeconomic impact of incomplete defueling as part of the
immediate decommissioning alternative would not be different from the
impacts presented in Section 3.5.5 because no changes are expected in
the size of the work force or in the amount of time necessary to com-
plete the preparations for decommissioning.

3.6.8.6 Commitment of Resources

The impact of leaving 15 percent of the fuel would alter the
resource commitments for delayed cleanup (Section 3.2.6), immediate
cleanup (Section 3.3.6), and immediate cleanup/reduced effort (Sec-
tion 3.4.6) because of the increased waste disposal needs and the
additional time required to remove the fuel, as. discussed above. For
delayed cleanup, an additional expense could be included for the
design, purchase, and installation of equipment used to preclude
criticality.

The waste disposal needs and labor costs during incomplete
defueling as part of the immediate decommissioning alternative would
be the same as the impacts discussed in Section 3.5.6 for the imme-
diate decommissioning alternative. However, an additional cost would
be expected for the design, purchase, and installation of equipment
used to preclude criticality.

3.6.8.7 Regulatory Considerations

The major regulatory consideration for incomplete defueling
associated with delayed cleanup, immediate cleanup, immediate cleanup/
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reduced effort, and immediate decommissioning would involve demon-
stration by the licensee that criticality was precluded even in the
event of an accident. In addition, the regulatory considerations
given for each of the alternatives in Sections 3.2.7, 3.3.7, 3.4.7,
and 3.5.7, respectively, would apply.

3.7 ALTERNATIVES CONSIDERED BUT NOT QUANTITATIVELY EVALUATED

Two alternatives to the licensee's proposal were identified by
the NRC staff, but not quantitatively evaluated: (1) additional
cleanup before storage and (2) no further cleanup following defueling
(the no-action alternative required by NEPA). These alternatives are
described in this section, and the impacts associated with each
alternative are discussed.

3.7.1 Additional Cleanup Before Storage

The alternative of additional cleanup before storage involves
pre-PDMS decontamination efforts to further reduce radiation dose
rates and radionuclide inventories beyond the licensee's stated goals
for PDMS. This alternative actually is a set of alternatives that
vary in the degree to which the facility is decontaminated before
being placed into storage. One such alternative is the prompt comple-
tion of cleanup on the upper elevations of the reactor building and
contaminated areas in the AFHB, followed by storage. At the.end of
the storage period, the cleanup of the facility (including the base-
ment and the D-rings) would be completed. A second alternative is

prompt cleanup of the upper elevations of the reactor building concur- - -

rently with the decontamination or removal of the enclosed stairwell/
elevator structure from the basement. .Further cleanup of the D-rings
and the remaining basement areas would follow storage. The staff
assumed for this alternative that an engineering study would be neces-
sary in preparation for continued cleanup. Such a study would take
the form of either a period of time before the additional cleanup
starts, similar to the period for engineering study discussed in
Section 3.3 for the immediate cleanup alternative or the initial
stages of the additional cleanup would proceed at a reduced level of
effort similar to the immediate cleanup/reduced effort alternative
discussed in Section 3.4.

The alternative of additional cleanup before storage can be divi-
ded into four stages: (1) a period for engineering study (or decon-
tamination at a reduced effort during the engineering study), (2) an
initial cleanup before storage, (3) a storage period, and (4) a final
cleanup. The final cleanup would be followed by either decommission-
ing or refurbishment. The impacts of additional cleanup before stor-
age, which are discussed below for each of the four stages, were found
to fall within the range of the impacts calculated for immediate
cleanup (Section 3.3), for immediate cleanup/reduced effort (Sec-
tion 3.4), and for delayed cleanup (Section 3.2).
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An engineering study phase, or additional decontamination at a
reduced level of effort, would occur following the completion of the
current defueling effort. The impacts during the engineering study
phase would be similar to those during the engineering study for the
immediate cleanup alternative (Section 3.3); however, the duration of
the study would be shorter for the alternative of additional cleanup
before storage. The NRC staff estimates that a period of 6 months to
less than 1 year would be necessary to plan the additional cleanup to
be performed before storage. An engineering study could also occur at
the same time that areas on the upper elevations of the reactor build-
ing and in the AFHB were being decontaminated. The impacts of this
action would be similar to the impacts during the first year of the
immediate cleanup/reduced effort alternative discussed in Se