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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 environmmental 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 §.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 ,and 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 operafing 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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Licensee's Propos
D

Delayed
Decommissioning

Staff-Identified

Deléyed
Cleanup

Immediate
Cleanup

Immediate
Cleanup/
Reduced
Effort

Immediate
Decommissioning

Incomplete
Defueling

Additional
Cleanup Before
Storage

No-Action Alterna

No Further
Cleanup

Following
Defueling

Comparison of the Licensee's Proposal and the Seven NRC

TABLE S.1.
Staff-Identified Alternatives
Additional Alternate Achieve PEIS Decommissicning
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 Ne None None 7 to 10 Yes None Decommission
_or refurbish
Yes No No None None None No =2 Decommission
No (85%) No R 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
storage



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
Total body 0
Offsite population within 50-mile
radius
Bone 0.
Total body 0.

Estimated Number of Radiation-Induced
Cancer Fatalities(P

.06 to 31 mrem
.007 to 2.7 mrem

03 to 22 person-rem
003 to 11 person-rem

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 ($ millioms) 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 obtained from the licen-
see's Envirommental 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

Army Corps of Engineers

Environmental Protection Agency

Department of Agriculture

Department of Energy

Department of Health and Human Services
Department of Interior

Department of Labor

Department of Transportation

Federal Emergency Management Agency

Federal Energy Regulatory Commission

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

C‘.C‘.GGC:C:C:CIC:G_C!C:
nununnnnnnnnnn

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.
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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. :

. 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.

additjional 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 auxiliary and fuel-handling building

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.

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."
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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 radiocactive 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.)

BEIR - 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
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.

beta radiation - radiation consisting of beta particles.

biota - plant and animal life.
CFR - Code of Federal Regulations.

Ci - 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 commltment is expressed in person-rem. (See person-
rem. ) -

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 radiocactive 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 - processing systems in which synthetic 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. S

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. ‘ S

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-life - 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 t
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.

kg - kilogram.

L - liter.

licensee - the holder of a license issued by the NRC to possess or use

radioactive materials. 1In the case of TMI-2, the license is held
by GPU Nuclear Corporation.

LLD - lower limit of detection.

LIW - 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. In 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.)

pCi - microcurie (1 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.

N
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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.

//

mR - milliroentgen (1 x 10® 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 Envirommental 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.

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

nuclide - a species of atom hav1ng a spec1f1c 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 Environmental
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 Radiocactive 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-remn.

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.

primary 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.

radicactivity - product of radiocactive 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’ equlvalent 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 (uCi/m®) to the amount of loose radiocactive 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 1iquid.materia1 (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.

IMI-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.

v
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IMI-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 assoclated 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 contaminated 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. In 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.



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.@) 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. 1In 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.
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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.







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 c¢leanup 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 radicactive liquids, and
(4) packaging, handling, shipment, and disposal of radiocactive 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. : b

Within certain cubicles, shielded areas, and other infrequently
occupled 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 actlvatlon
products. ' The radiation levels in the TMI-2 reactor are primarily duef
to cesium-137, a fission product. :

In the following sections, a description of the cleanup progress
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 1eakage)
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 (1.1l 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 stalrway and elevator structure.

Approximately 22,000 pounds. (9900 kilograms) of wet sludge has
been removed from approxxmately half of the basement floor, pumped
into a tank located in the auxiliary building, and solidified 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 flgure 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 basement. General
area radiation exposure rates taken with a'nondlréctlonal'probe would
be lower than the contact exposure rates, but hlgher than the general
area exposure rates identified in Figure 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 rateés
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 of 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 Coolant System 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. Fu€él has been
removed and is 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)

Quantity of
. Residual Core Debris®
Location ' pounds kilograms

Reactor Building

Reactor coolant system ’
Reactor vessel 882 400
Other ' 417 189
Reactor coolant pipes
Reactor coolant pumps
Steam generators

Outside the reactor coolant system 13 6.1
Plenum assémbly ' '
Reactor building
Fuel transfer canal

Auxiliary . and Fuel-Handling Building

Pipe Systemé, drains, floors, and sumps v 12 o 5.4

Total® " 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.
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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 temﬁbrary 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-

dent has been calculated (GPU 1987a; Cunnane and Nicolosi 1982) using =~

the ORIGEN-2 computer code. Table 2.3 provides the inventory of the
longer-lived radionuclides estimated to be preserit. 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 radiocactive 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 enviromment. 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. 1Inventory of Isotopes in the TMI-2 Facility Following the Accident, Decay-Corrected
[ to January 1, 1990 (Assuming No Cleanup) ' '

Calculated Activity, Ci

Radionuclide Half-1life® March 28, 1979 January 1, 1990®

Tritium 12.3 8,300 | 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

o Nickel-63 100 6,000 5,600
E 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@
Cesium-134 2.06 y 260,000 7,000
Cesium-135 2,300,000 y 2 2.2
Cesium-137/Barium-137m 30.2 y/2.5 m 820,000/760,000 640,000/610,000
Cerium-144/Praseodymium-144m/  284.5 d/7.2 m/17.3 m 24,000,000/-/ 1,600/24/1,600

Praseodymium- 144 : 724,000,000
Promethium- 147 2.62 y 12,500,000 150,000
Samarium-151 90 y 18,000 17,000
Europium-152 1316 y 44 25
Europium-154 8.8 y 7,600 3,300
Eurqpium-lSS 4.9y 47,000 10,000
Uranium-234 245,000 y 120 120
Uranium-235/Thorium-231 704,000,000 y/25.5 h 4/4 L/t
Uranium-236 23,400,000 y 3.6 3.6
Uranium-238/Thorium-234/ 4.47,x 10° y/24 d/1.17 n 27/27/27 27/27/27

Protactinium-234m
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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 160,000/19/ 95,'000/2,200

Uranium-237

(a)
(b)

s = seconds; m = minutes; d = days; y = years.

13,500,000

2.3

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 radionuclide 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. ’

2.24



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




TABLE 2.4. (contd)

Activity on Site
at the End of

Radionuclide Defueling, Ci - ""'_Ldéafiéh'.

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
c250 “  Fuel debris

Tin-126/ 0 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 C 1,100 Dispersed

170 +~ Fuel debris_

Relatively insoluble fission products

Zirconium-93 - 0.16 " Fuel debris
Cerium-144/ 160 - vFuel debris
Praseodymium-144 : : ' '

P%aseodymium-lhhm 0;24 Fuel débris
Promethium-147 1,500 fgelidéb:is_
Europium-152 0.25 Fuel debris
Europium-154  -33 Fuel debris
Europium~155' 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 2% 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 and physical 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-1l44m,
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. . ' ’ '

2.2.2.2 ZTritium

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.



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. In 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 cesjium-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).

e 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(»)
Sludge on basement floor '350(¢) - 4000)
D-rings 17,000(¢) ~ 83000
Floors/walls/overhead 7.000(¢) 300(¢)
structures -
Total - 43,350 . 2,440

(a) An estimated 20,000 curies of cesiuq-137 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. 0,
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.kasement 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. Enviromnmental Protection Agency Repulations

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.



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 radiocactive 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 radiocactivity. 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 Comm1551on“L1cen51ng 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 prov1d1ng 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 Sltes 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 llcensee 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),
issuance of a license amendment that permits PDMS. The 1icensee'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
contaminants 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 maintained and
continued surveillance is carried out until the radiocactivity decays
to a level permitting release for unrestricted use 6f 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 akdeCOmmissioned ~status is governed
by the provisions of 10 CFR 50 "Domestic L1cens1ng 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 Against
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 decommission
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 out51de the licen-
see's administrative control. -It may also be in the form of a trust,
escrow account, government fund, certlflcate 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 decommissioning 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 lnclude in their decommissioning funding plan the fund-
ing for all activities involved in decomm1351on1ng 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 Radiocactive Waste Policy Amendments Act of 1985,
H.R. 1083-Public Law 99-240, effectively limits the quantity of low-
level radiocactive 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 accident=generated 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 radiocactive 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 generatéd 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 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 STAFFT-
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. 1In 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 decomm15510n1ng The impacts of decommissioning
would be the subject of a separate analysis.

There are seven alternatives to the licensee's pfoposal, 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 following the completion of the cleanup,
however, the impacts of decommissioning 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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"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 Di§position
Licensee's Proposal
Delayed Yes No Yes - 23 <17 to 33 None No <1 Decommission

Decommissioning
Staff-Identified Alternatives

Delayed Yes No Yes 23 <17 to 33 4 Yes None Decommission

Cleanup N - 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/ N 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

No Further Yes No No\ Indefinite - None None No None Continued,
Cleanup : indefinite
Following AP e storage

Defueling ’ ‘



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 end with the same set of plant
conditions. For instanceé, the alternative 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 endpoint
for delayed decommissioning (the licensee's proposal), immediate
decommissioning, and incomplete defuellng would result in limited
additional area and equipment decontamination before the facility 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) treatment of radioactive
liquid wastes, and (4) packaging of radicactive 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 gdals (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 left 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-identified 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 expected 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.
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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 decomm1551on1ng 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
Section. 2. 3. 4 _ : _ : s

3.1 DEILAYED DECOMMISSIONING gPOST DEFUELING MONITORED - STORAGE
FOLLOWED BY PREPARATIONS FOR DECOMMISSIONING)

Delayed decommlssionlng, as proposed by the licensee, is
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 Delayved 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 facxllty 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 regulations, 10 CFR 50.51 (CFR 1988a),
allow the 11censee 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 thé 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. 1In 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 | 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.

3.11




No active program of building or equipment decontamination would
be necessary during storage unless radiation surveéys indicated that
contamination had spread. In 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 routlpely proc-
essed and shlpped to an offsite dlsposal site.

Water-processing capabilities would be available to dispose of
rainwater inleakage, groundwater inleakage, 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'experiernce 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
1icensee'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 (4410-87-10025).

(b) Appendix B of the Recovery Technlcal Specifications 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 spe01f1cat10n 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 alsoc 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
radiocactive 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.




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 ait at the off-
site boundary location of hlghest 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 radiocactive material. The max1mally_'-

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 1l-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
5 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, Bone 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.
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3.4. 50-Year Dose Commitments from Routine Atmospheric Releases Resulting

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
i1 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




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,

198819
‘ Average Annual
Radionuclide , Activity Released, Ci

Tritium ‘ 25.0
Gross alpha 0.00000008
Unidentified beta/gamma radiation 0.000049
Cesium-137 o 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 (4410-88-1.-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 radicactive 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 1is 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 [pCi/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 (.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 velume 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 0.0l 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 releases 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.
Radiocactive decay would have reduced the amount of radiocactive 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. -
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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 Liquid 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. 1In 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).
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TABLE 3.7. Average Annual Liquid Discharges Based on Releasés During
the Period January 1, 1987, to September 30, 1988(2)

Average Annual

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

Cesium-137 o ; 0.00028 o

(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 lnformatlon was obtained from; letters from
F. R. Standerfer to the NRC "SemifAnnual 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 - Thlrd Quarter 1988 (4410- 88 1L-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 1II,
Column 2 (CFR 1988a; see Appendix C to’ this supplement) and the
licensee's technical specification limits (see Section 3.1.1.3) would
be pumped to the miscellaneous waste holdup tank and subsequently
processed through the EPICOR II system.

The concentration of radionuclidés 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 Il 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 uCi/mL (insoluble
fraction). (b) Thus, this limit was applied as the concentration limit
for the radlonuclldes 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 decommissioning 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 1981): 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-1l-year period following a 23-year storage period, as well as for
the l-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.
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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
w : ' .
. following 5-yr PDMS Bone 0.08 2.7 0.007 0.001
N . 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

following 23-yr PDMS Bone 0.08 . . 3.3 i 0.009 0.0002

Total body 0.003 ’ 0.0008 0.00001
following 5-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.

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 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 0.01" (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 radiocactive 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. quulds that are not diréctly '
releasable pursuant to 10 CFR 20, Appendlx B, Table II, Column 2 (CFR
1988a), would be collected in the mlscellaneous 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 decomm1551on1ng prepara-
tion activities.

3.1.3 Occupational Radlatlon Dose Evaluatlon for Delayed
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 peérson-
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.



3.1.4 Waste Management Considerations of Delaved 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 G, 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 1l-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 S5-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 ;o 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
Iotal(c) 86 to 230 31 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.

Iotal Waste Volume:

Waste Volume Estimates for Delayed Decommissioning®

33-year PDMS

o 23-year PDMS. S-year PDMS
Class of Waste® £t ml3 ££8 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 € 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
l-Year Preparation
Prior to Decommissioning
Class A dry radioac- 30 to 100 0.9 to 2.8 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 tol.8 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 0.6 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.
2.3.2

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

discussion in Sectidn



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 sité 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 is
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® 1l to6 1 to 8
5-year PDMS d

Class A 1l to 4 R

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

Class A 2 to 6 3 to 11

Unspecified waste® 1 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

3.32



€L ¢

TABLE 3.12. Summary of Transpor.tation Impacts for Delayed Decommissioning®

Population
) Dose from
: Dose Resulting from Transporation N Traffic Accidents . . -~ - . Transportation Transportation
PDMS to Disposal Site, perscri-rem . Number of " Number of Number of Acéiden;s,_ Costs,
Duration Total ngulationw) Truck Crew Accidents - _Injuries Fatalities person-rem S millions
23-year 0.5 to 2.4 .0.2to 0.8 .0.3to 1.6 0.02 to 0.1 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 0.2 to 0.8 0.01 to 0.05 0.01 to 0.04 0.001 to 0.004 0.00003 to 0.00008 0.014 to 0.047
33-year 0.5 to 2.6 0.2 to 0.9 0.3 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

(a) Does not include transportation impacts associated with decommissioning.

(b) 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. ‘ . : ) :



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 durlng delayed decommlss1on1ng 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 dre 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
decomm1551on1ng

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 Decommissioningb)

Projected Cost for Lengths of PDMS,
" $ million(b) )
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
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 |

Tota1{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 1l-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 0Y waste
disposal costs. R

The required LLW burial ground space is estimated as. follows:
950 to 4600 cubic feet (27 to 130 cubic meters) for 23 yeéars 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 Delayved 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 Delaved .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 radiocactive
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 components is found in the PEIS (NRC 1981) and
Supplement 1 (NRC 1984). For the purpose of this evaluation, it is .
assumed that the reactor coolant system decontamination would involve
some mechanical decontamination, followed by a genéral chemical decon-
tamination.. Mechanical decontamination would be performed 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'robOCids
-could possibly be used for specific tasks. ) '

Chemical decontamination methods are assumed to require placing
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 modlfled
“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 from
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 radloactlve 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 assocxated plplng would be necessary to com-
pletely clean the D-ring areas. :

3.2.2 Offsite Dose Evaluation'for Delayed Cleanup

The evaluation of radiation dose to the offsite population 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 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 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

Population Within
50-Mile Radius of TMI-2

Stages of Duration, Dose Offsite Individual, Population Size,’ Dose,
Delayved Cleanup years Location mrem millions person-rem
PDMS 1 Bone 0.001 2.5 0.0005
Preparations Total body 0.0001 0.0004
PDMS 23 Bone 23 2.5 to 3.3 13

. Total body 1.9 7.8
5 Bone 6 2.5 to 2.7 2.4
Total body 0.5 1.3
33 Bone - 30 ° 2.5 to*3.7 19
Total body 2.6 11
Cleanup 4, Bone 1.2 3.3 0.8
following Total body 0.03 0.07
23~-yr PDMS
4, Bone 2.1 2.7 0.9
following Total body 0.05 0.08
5-yr PDMS
4, Bone 1.0 3.7 0.9
following Total body 0.03 0.08
33-yr PDMS

(a) Does not include dose associated with decommissioning

or refurbishment.

Dose to

Population

Outside 50-Mile

Radius

of TMI-2,

person-rem

0.
0.

fuy

<0.
<0.

0002
00004

X

.02
.001

.06
.004

001
0001
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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 l-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
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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. In 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

Population Within 50-Mile Radius of TMI-2

Susquehanna River

Dose to Population
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 __vyears 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
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 C 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 Q.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 0.001 0.2
5-yr PDMS
o 4, 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 associated 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-
tionm 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 radiocactive 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 radiocactive
material calculated to be released annually in liquid releases during
cleanup fellowing 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 Dose_ Offsite Individual, Population Size, Dose, . Radius of TMI-Z2,
Delayed Cleanup Accident Description © Location mrem millions . ‘person-rem person-rem
PDMS Fire in stairwell “Bone . ... 13 ) ' 2.5 0.8 ©o0.1
“{start of PDMS) Total body 1.6 G.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
: £Qllowing S-yf PDMS Bone g.08 2,7 0.007 0.001
Total body 0.02 . ) 0.004 0.0004
following 33-yr PDMS Bone . 0.06 3.7 6.c08 . - 0.0001
Total body 0.006 . e ’ ©0.005° <0.00001
HEPA filter failure ) —
following 23-yr PDMS  Bone : 89 3.3 9.7 . 0.3
Total body . .9.7 e S 6.9 © 0.1
* following 5-yr PDMS Bone S 140 - 2.7 7.7 1.4
Total body 15 4.8 8.5
following 33-yr PDMS ' Bone 70 3.7 8.3 . 0.1
~Total body 8.1 o 6.0 - <0.01
Decontamination liquid ) ‘
spill ) . ~
following 23-yr PDMS . Bone ) 0.2 3.3 ) . 0.08 0.001
Total body 8.006 o 0.004 © <0.00001
following S-yr PDMS Bone - 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 0.0é <0.0001
Total body 0.005 . 0.005 ] <0.00001

(a) Does 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 preparations 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 pdtential 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 (0.01 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.11 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. WAs 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-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
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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 publi¢ 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 11 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. In 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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IABLE 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

Susquehanna River

Dose to Population
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 Description _Location mrem mrem thousands  person-rem _millions person-rem person-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 ) ‘ 0.00005 0.007
following 23-year ' : o
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(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 11ke1y that
robotic technology would be less developed.

TABIE 3.18. Occupational Radiation Dose Estimate for Delayed

Cleanup@)
Occupational Dose, person-rem

Task Description 23-year PDMS S5-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
AFHB cleanup 12 to 30 58 to 120 9.3 to 23
Resactor 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
Health 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. )

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 Cleanup

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 Appendlx 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 Qf 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 .
23-year PDMS 5-yeaxr PDMS 33-year PDMS

Class of Waste® £13 m? £t3 o’ £t 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

w
b, Class A dry radioac- "690 to 2300 20 to 65 150 to 500 . 4.3 to 14 990 to 3300 28 to 93
w 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 .
yaste treatment

(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.




v

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 tranéporting 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 sh1pp1ng impacts for
TABLE 3.20. Waste Volume Estimates for Cleanup Following PDMS During

Delayed Cleanup®

23-year PDMS®™
Total Waste Volume

Class of Waste® fe? ' 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(®) 1 to 6 202 to 444
5-year PDMS

Class A : 422 to 561 : O

Unspecified waste(®) . 202 to 439 ---(

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

(a) Does not include shipments during decommissioning.

(b) Unspecified waste was considered Class C waste.

(¢) A regional disposal site is not expected to be available
during delayed cleanup with a 5-year périod 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 dispesal 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
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" TABLE 3.22. Summary of Transportation Impacts for Delayed Cleanup®

Population
Dose from
Dose Resulting from Transporation : Traffic Accidents Transportation Transportation
PDMS i to Disposal Site, person-rem Number of Number of Number of Accidents, Costs,
Duration Total® Population!® 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 4.5 to 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 Socioceconomic 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 Delayed 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, -

) _ S 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 0.0l 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
Total(®) 210 to 340 150 to 270 250 to 370

(a) Does not include cost of decbmmissioning 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 tc 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. o

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. o '

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
radiocactive 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.

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

Following the 2-year engineering study, 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 fac111ty
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 Offsite 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.

l 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- m11e (80- kllometer) radius.

The spec1flc 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 perlod for englneerlng study are
shown in Table D.13 of Appendlx 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

Stages of Duration, Dose Offsite Individual,
Immediate Cleanup vears Location mrem
Engineering ) 2 Bone 0.05
Study Total body 0.001
Cleanup 4 Bone 2.3

Total body 0.06
Potential Post- 18 Bone 4.3
cleanup Storage Total body. 0.5

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

Population Wiphin
50-Mile Radius of TMI-2

Dose to Population
Outside 50-Mile

Population Size, Dose, Radius of TMI-2,
millions person-rem __person-rem
2.5 0.01 0.002
0.001 0.0001
2.6 1.0 0.04
0.09 0.004
"2.8 to 3.3 3.3 0.2
2.3 0.1



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 period.” The annual release rates calcu-
lated for atmospherlc releases during a 4- -year cleanup period are.
shown in Table D.14 of Appendlx D :

Potential Storage Period Follow1ng Cleanup: It 1s'p0351b1e that
the licensee will choose to place TMI-2 in storage until TMI-1 is
ready for decommissioning, rather than decomm1551on1ng 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 1mmed1ate
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 remain-
ing on the basement floor at the end of defueling would still remain’
in the basement following the cleanup. “All of the’ remalnlng materlal
in these locations was assumed to .be available for suspen51on into 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 PRoutine 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. 50-Year Dose Commitments from Routine Liquid Releases

Resulting from Immediate Cleanup®

Dose to Maximally
Exposed Offsite Individual Population Within 50-Mile Radius of TMI-2
Susquehanna River

Water, Fish,

Susquehanna River Chesapeake Bay

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

0.0004 0.06

(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, Populaticn, 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 0.001 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 assumeéd to be released annually in liquid releases during the
engineering study is shown in Table D.16 of .Appendix D.

Cleanup.  TLiquid releases to the Susquehanna River would occur
dur'ing 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 1nfor--
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. 'If 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:
dan 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. Theydose 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 potentlal
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 radiocactive 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 radicactive particulates
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TABLE 3.26. 50-Year Dose Commitments from Accidental Atmospheric Releases
During Immediate Cleanup(a)

Population

Dose to Within Dose to Population
Maximally Exposed 50-Mile Radius of TMI-2 Qutside 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 £ailur§ 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). 1In 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 Appéendix 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 radiocactivity was involved
during the fire. "Single-stage HEPA filters were conservatively esti-
mated to allow release of only a fraction (0.0l1) 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 acc¢ident 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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TABLE 3.27. 50-Year Dose Commitments from Accidental Liquid Releases N
During Cleanup Phase of Immediate Cleanup®
Dose to Maxirﬁally :
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 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
Total body 0.0003 0.000008 0.0005 0.00002 0.004

(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 therreactor into storage for
18 years after cleanup, as discussed in Section 3. 3 1, anvaddltlonal
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 locatlon and depth

(a) Does not include dose associated with decommissioning

refurbishment.
(b) Not included in the total.

(c) The totals may not be exact because of roundlng
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TABLE 3.28. Occupatlonal Radlatlon Dose Estlmates for Immedlate
Cleanupm
Occupational Dose,
Task Description person-rem

2-year engineering study 16 to 40
AFHB cleanup : C o 65 to 140
Reactor coolant system decontamination ' 53 to 920
Reactor building basement general cleanup 670 to 1500
Reactof'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 elevatlon o
cleanup . 190 to 410
Reactor building 305-foot elevatlon )

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 (18 years)' 10 to 17¥
Total® - "3700 to 9400

or



of penetration of contamination and in the methods that would be used I
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 Class 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 WasteP o ' 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 0.0l 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 sociceconomic 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
minor.
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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
8330 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,

Type of Cost $ million®
-

Labor Costs
2-year engineering study v 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) 1In 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 Tmmediate Cleanup

There are no significant 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-
sloning at the completion of cleanup.

3.4 IMMEDIATE CLEANUP/REDUCED EFFORT

The alternative of immediate cleanup with reduced levels of
effort (immediate 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 Seéction 3.4.5, commitment of
resources in Section 3.4.6, and regulatory conSLderatlons 1n
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. 1In 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 altermative.
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. Initial 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 kllometers) 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 l4- 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 O0Offsite 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 (8C-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 Commitments from Routine Atmospherlc Releases Resultlng
from Immedlate Cleanup/Reduced Effortm

. Dose to
Stages of Maximally Exposed
Immediate Cleanup/. Duration, Dose Offsite Individual,
Reduced Effort years Location mrem
Cleanup 10 Bone 2.6
Total body 0.97
Potential Post- 14 Bone 3.0
cleanup Storage Total body 0.3

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

Population Within
50-Mile Radius of TMI-2

Population Size, Dose,
millions person-rem

2.5 to 2.9. 0.8

0.06

2.9 to 3.3 2.3

1.6

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

person-rem



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 populaticns
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 1l0-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 radiocactive decay
before the start of the alternative. The annual release rates calcu-
lated for liquid releases during the cleanup perlod 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

Offsite Individual . Population Within 50-Mile Radius of TMI-2 Dose to Population
Stage of - Susquehanna River : Outside 50-Mile
Immediate Susquehanna River Water, Fish, Chesapeake Bay Radius of TMI-2
Cleanup/ Water, Fish, Chesapeake Bay Activities Shellfish from Chesapeake Bay
Reduced Duration, Dose Activities, Shellfish, Population, Dose, " Population, Dose,
Effort y’ears Location mrem mrem thousands person-rem millions . person-rem
Cleanup 10 Bone T 0.2 0.006 340 to 400 .~ 1.0 2.5 to 2.9 0.02

Total body 0.1 © . 0.0004 0.06 , 0.001

(a) Does not ini:lude_ dose associated with decommissioning or refurbishment.



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® ' :

- . i N Dose to " Population Within Dose to Population
Stages of Maxima_lly 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
2 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 -

cleanup storage _ Total body 0.2 g . ’ 0.2 0.01

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

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 radiocactivity 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 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 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 teo 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 VYaste 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 i . : 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 v 60 to 130
Health physics support : 550 to 1400
Radiocactive waste handling 360 to 550
Post-cleanup monitored storage : 8.3 to 14®

(14 years)

Total® ’ 13700 to 9300

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

(b) Not included in the total.

(¢) 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/reducedseffort, 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) £t S

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 include 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
decomnissioning (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 addltlonal 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 aceci- .
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 impadts 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 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.

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,
Type 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) In 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 sterage 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 futﬁreAwaste 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. 1In 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 OQffsite 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 expected 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 D.32 of Appendix D.

3.5.2.2 Routine Liquid 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 Decommissioning®

Dose to Population Within ~ Dose to Population
Stage of ’ 7 Maximally Exposed 50-Mile Radius of TMI-2 Outside 50-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 Decqmmissioning@

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 radiocactive decay during an intervening
storage period was not considered. The amounts of radiocactive mate-
‘rial calculated for release during the fire and the HEPA filter fail-
ure accidents are presented in Tableées D.34 and D.35, respectively, in
Appendix D.
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TABLE 3.40.

50-Year Dose Commitments from Accidental Atmospheric
During Preparations for Immediate Decommissioning®

Releases

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 R 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 enviromment (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 Immedijiate
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® el ‘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 0.01 (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 decommissioriing 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, g
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,
Type of Cost $ million®
Labor Gosts 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 decommissioning.
(b) In 1988 dollars. '
(¢) 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.(a) 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 havé
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 radiocactive 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 yvessel 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

Foliowing 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 décommis-
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 associatéd 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:Sec-
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 appre01ab1e 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. v

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 potentlal 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 decomm1351on1ng
alternative.

3.6.3 OQOccupational 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 ménagement 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, 198é. "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 Sectiomns 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 spentjfuel 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 Section 3.4.

Based on the results of the engineering study, the tasks per-
formed during the initial cleanup before storage could vary. It is
possible that these tasks would include prompt cleanup of the upper
elevations in the reactor building and contaminated areas in the AFHB.
Prompt cleanup or removal of the enclosed stairwell/elevator structure
in the reactor building basement might also be included. These tasks
were also considered as part of the immediate cleanup alternative, and
the impacts of these tasks were estimated for immediate cleanup in
Section 3.3. The additional cleanup before storage would likely
require less than 2 years to complete (in comparison to 4 years for
immediate cleanup). ’

Following the cleanup period, the facility would be placed in
storage. Preparations for storage (as discussed in Section 3.1.1.2
for PDMS) would occur during the last part of the cleanup period.
Impacts to the offsite population during storage would be somewhat
less than those calculated for PDMS during the delayed cleanup alter-
native in Section 3.2 because exposure rates in the decontaminated
areas of the reactor building would have been reduced as a result of
the additional cleanup. This would also result in an occupational
dose savings during this period. However, because of the limited work
activity during storage (see Section 3.1.1.3), this small savings is
not significant in comparison to the total occupational dose that
would be received. Airborne contamination levels in the reactor
building and the associated environmental releases may also be
slightly lower during storage following additional cleanup than that
presented for PDMS without additional cleanup (e.g., Section 3.1.2 for
delayed cleanup). The reduced releases would result from the reduc-
tion in the amount of radiocactive contamination in the facility during
the additional cleanup stage. If removal of the stairwell was part of
the additional cleanup before storage, the potential impact of the
fire in the stairwell structure during PDMS would be eliminated.

The impacts of the éleanup period following storage would be
somewhat less than impacts calculated for the cleanup following PDMS
during the delayed cleanup alternative in Section 3.2. It is quite
likely that areas decontaminated during the additional cleanup before
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storage would become recontaminated during the final cleanup following
PDMS; however, the overall amount of cleanup would be less.

Because the alternative of additional cleanup before storage is
actually a combination of immediate cleanup, immediate cleanup/reduced
effort, and delayed cleanup, the environmental impacts of additional
cleanup before storage would fall within the range of the impacts
calculated for the immediate cleanup or immediate cleanup/reduced
effort alternatives and the impacts calculated for the delayed cleanup
alternative. These impacts include offsite dose, occupational dose,
waste management, socioeconomic impacts, and cost. Accordingly, the
alternative of additional cleanup before storage is not evaluated
further in this document.

A variation on this alternative is additional cleanup before
storage followed by storage and then preparations for decommissioning
without additional cleanup. The impacts of this alternative of. addi-
tional cleanup before storage are also bounded by the impacts of the
alternatives discussed in this supplement and, thus will not be evalu-
ated further. ’ '

3.7.2 No Further Cleanup Following Defueling (No-Action Alternative)

As noted previously in the PEIS and its supplements, the
no-action alternative must be evaluated to fulfill the requirements of
NEPA. The no-action alternative, for the period addressed by this
supplement, implies no further action to complete the cleanup. Thus, .
following completion of the current defueling effort, no further
efforts would be made to complete the decontamination of the facility
or to prepare the facility for storage or for decommissioning. The
facility would be left in the post-defueling condition with no
attempts to monitor releases or maintain the facility. Entries would
not be made into the facility. The HEPA filters would not be
inspected or replaced and fire detection systems would not be
monitored. '

This alternative was not quantitatively evaluated because it has
never been NRC policy to allow licensees to abandon a facility. Fur-
thermore, implementation of this alternative would indefinitely post-
pone decommissioning of the facility without specific approved
exemptions from NRC regulations. The NRC staff has maintained, as a
matter of policy, that the cleanup must ultimately be completed and
the facility decommissioned. The no-action alternative would not
result in the completion of cleanup, the decommissioning of the facil-
ity, or the ultimate return to unrestricted access. The small but
continuing risk associated with conditions of the facility resulting
from the March 28, 1979, accident would not be eliminated. Therefore,
the NRC staff considers the no-action alternative unacceptable, and it
is not evaluated further in this report.
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4.0 AFFECTED ENVIRONMENT

This section briefly describes the environment. (including the
population) that could be affected by the licensee's proposed action
and alternatives evaluated in this supplement. This information has
been taken primarily from the PEIS (NRC 1981). ‘' However, population
distribution estimates have been updated since the PEIS was published
and include populations projected beyond the year 1981. Other
sections have been reviewed and information updated as appropriate.

Four geographic areas that potentially could be affected by the
cleanup and storage activities have been identified: (1) the area in-
the vicinity of the TMI site, (2) the area downstream including the
Susquehanna River and the Chesapeakée Bay, (3) the transportation
routes used for movement of materials to and from the site, and
(4) the offsite disposal locations. In addition, there is a popu-
lation that resides in an area outside the TMI vicinity that receives
radiation dose attributable to the TMI-2 cleanup from inhalation,
external exposure, and consumption of food products exported from
within the 50-mile (80-kilometer) radius as well as from  the
consumption of shellfish from the Chesapeake Bay area.

4,1 THREE MILE ISTAND SITE VICINITY

The TMI site vicinity is-the area within approximately a 12-mile
(20-kilometer) radius of TMI. However, for purposes of. evaluating
radiation doses, the area within a 50-mile (80-kilometer) radius is
considered. Figures 4.1 and 4.2 show the location of the site and its
relationship to population centers and municipalities in the area.

The area surroundihg TMI is predominantly rural and supports
farming operations. The soils in the vicinity, combined with favor-
able physiographic and climatological features, produce higher-than-
average crop yields for the Commonwealth of Pennsylvania. Field

crops, such as corn and wheat, as well as dairy, poultry, and
" livestock operations are predominant.

4.1.1 Population Distribution

In spite of extensive agricultural operations, the population
density within the 12-mile radius in 1980 was about 570 persons per
square mile (220 persons per square kilometer), substantially higher
than the population density for Pennsylvania as a whole. Several
municipalities are located within the area; the largest city, 12 miles
(20 kilometers) to the northwest, is Harrisburg with a population of
about 53,000 (in 1980). Urban development is concentrated around
population centers and along major transportation corridors. -
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The total population in the 50-mile (80-kilometer) radius was
estimated to be 2.2 million(® in 1981, with approximately 350,000
persons living within a 12-mile (20-kilometer) radius of TMI. Fig-
ures 4.3 and 4.4 show the 1981 population distribution within a
12-mile (20-kilometer) and a 50-mile (80-kilometer) radius of TMI.
The projected population for the year 2010() is 3.2 million persons
within a 50-mile (80-kilometer) radius of TMI. 'Figures 4.5 and 4.6
show the projected population distribution within a 10-mile -
(16-kilometer) and a 50-mile (80-kilometer) radius of TMI for the year
2010. The population estimates used in Section 3 for estimation of
the offsite dose impacts were either interpolated or extrapolated as
appropriate from the population estimates for the years 1981 and 2010.

4.1.2 Meteorology

The climate of southeastern Pennsylvania varies seasonally. In
winter, the predominant air mass over the region is continental polar
-air moderated by the influences of the Appalachian Mountains and. the
‘Chesapeake and Delaware Bays. Winters are relatively mild for the
latitude (40°9'N). In summer, maritime tropical air masses originat-
ing over the Gulf of Mexico or the Caribbean Sea predominate. Summers
are warm and humid. While the extreme temperatures recorded for the
area were 107°F (42°C) in July 1966 and -14°F (-26°C) in January 1912,
temperatures of 90°F (32°C) or higher may be reached on only 20 to 25
days annually, and temperatures of O°F (-18°C) or lower may be
expected 1 to 2 days annually. The annual average relative humidity
is about 70 percent.

The predominant wind flow is from the northwest. Figure 4.7
shows the onsite wind data at the 100-foot (30-meter) level. The
‘meteorology of the TMI site has been compared with the meteorology of
other reactor sites and was found to be fairly typical of valley sites:
in the frequency of inversions and other stable air phenomena.

Total annual precipitation in the area is expected to exceed
40 inches (102 centimeters), including a normal average snowfall of
37 inches (94 centimeters). The average annual evaporation is within
the range of 33 inches (84 centimeters) (lake evaporation) to
45 inches (114 centimeters) (evaporation pan measure).

(a) Based on data from an internal NRC document prepared by the Site
Analysis Branch of the Office of Nuclear Reactor Regulation,
"1981 Residential Population Estimates 0-80 Kilometers for
Nuclear Power Plants.

(b) Letter from F. R. Standerfer to the NRC, February 3 1988.
Subject: Post-Defueling Monitored Storage Env1ronmental
Evaluation.
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FIGURE 4.3. Population Distribution Within a 12-Mile (20-kilometer) Radius of Three Mile Island
(based on data from an internal NRC document prepared by the Site Analysis Branch
of the Office of Nuclear Reactor Regulation, "1981 Residential Population Estimates
0-80 Kilometers for Nuclear Power Plants")
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FIGURE 4.6.

Projected Population Distribution for 2010 Within a -
50-Mile (80-Kilometer) Radius of Three Mile Island
(data from a letter from F. R. Standerfer to the NRC,
February 3, 1988. Subject: Post-Defueling Monitored
Storage Environmental Evaluation)






4.1.3 Surface Water

The TMI site is located in the Susquehanna River drainage basin,
which has a total drainage area of 27,510 square miles (71,810 square
kilometers) where it enters the Chesapeake Bay. Recorded data begin-
ning in 1890 indicate that the flow rate of the Susquehanna River is
highly variable, ranging from a minimum flow of 1700 ft®/sec
(48 m®/sec) in 1964 to the maximum flood on record of 1,020,000 ft®/sec
(29,000 m®/sec) during spring flooding in 1972 (NRC 1976). Mean
. monthly flows for the period 1891 to 1979 ranged from 11,700 to
82,600 ft®/sec (330 to 2300 m’/sec) with the low flow occurring in
late summer and the high flow occurring in early spring. The average
annual flow rate is 34,000 ft®/sec (963 m%/sec). Several dams and
reservoirs are located on the Susquehanna River above and below TMI
for flood control, low-flow augmentation, and power generation.

The island on which both the TMI-1 and TMI-2 reactors are located
is within the 500-year flood plain (0.2-percent chance of flooding in
any given year), but not within the 100-year flood plain, as deter-
mined by the U.S. Army Corps of Engineers (NRC 1987). The island is
diked for flood protection, and the dikes are inspected and maintained
by the licensee. 1In addition, TMI-2 flood procedures require that
flood door panels be installed when the river elevation reaches
302 feet (92 meters). Installation of flood door panels effectively
precludes the entry of river water.

The surface water of the Susquehanna River downstream from
Harrisburg is acceptable for all general uses, including aquatic life
and recreation. However, the river is not an attractive source of
public water supply because of occasional high sulfate levels and high
amounts of wastewater-derived coliform bacteria. Below Harrisburg,
late summer blooms of algae occur, which indicate high nutrient levels
in the water, primarily phosphates and nitrates. This is attributable
both to wastewater treatment and runoff from agricultural areas.

Currently, the river and streams in the TMI vicinity are used for
both public and industrial water supplies, power generation, boating,
sport fishing, and recreation. Sport fishing, but not commercial
fishing, takes place in all streams in the general area of the site.
The nearest potable water user is 5 miles (8 kilometers) downstream at
the Brunner Island steam-electric generating station. Figure 4.8
shows the principal water users downstream of the TMI plant. Although
Chester County, Pennsylvania, and the city of Baltimore, Maryland,
also have water intakes downstream, they are seldom used.

Specific water quality data can be found in the PEIS (NRC 1981).
In general, the water is moderately high in total hardness, with high
and variable sulfate and iron concentrations (often in excess of the
State limit), a relatively low alkalinity, and a high fecal coliform



Susquehanna River

, Harrisburg

v

7

/”///
: York Haven

fDam
lo1

Safe Harbor
Dam v

Muddy Run

{(Pumped Storage)

Holtwood Da .Normal
Pennsylvania Maximum Water

Elevation, ft

Maryland
Conowingo -109.2
Muddy Run 520
(Pumped Storage)
‘Holtwoéd 171
Safe Harbor 228
York Haven 255

FIGURE 4.8.

c
(Y EER-
&/ €28 mers00

& SELE : c

o g tE n a8 0 g

£ 1 250724 3

Industrial Users 3 : § ;‘."g £ - “3‘ g ‘ o
i £ 12828 Tm250 3=
1. Pennsylvania Supply Co. 3 1o m .......... 1 -S_;
2. York Haven Power Co. 2 5 | IO pF 200 < ®
3. Brunner island Station So | f 150 53
4. Wrightsville Water Supply Co. Chesapeake = 100 8o
5. Peach Bottom Station : Bay Sea Level |I° i 30 S0
Domestic Water Supplies 0 10 20 :?0 40 . 50 0
* Distance, miles
6. Columbia Borough 13. Bainbridge Naval
. 7. City of Lancaster Training Station
8. Safe Harbor Village including Port
- 9. Holtwood Village Deposit
10. City of Chester 14. Perry Point -
. City of Baltimore Veterans Hospital

12. Conowingo Village 15. Havre de Grace

Principal Water Users Along the Susquehanna River
in the Vicinity of Three Mile Island

4.11



count (also, often in excess of the State limit). These characteris-
tics are largely attributable to drainage from old coal mines in the
watershed and from domestic and agricultural wastes.

Radioactivity measurements of Susquehanna River water were made
by the U.S. Geological Survey before the TMI-2 accident. The tritium
concentration was measured during the 1977 water year and found to be
fairly constant at 178 pCi/L. Gross beta activity was measured on
November 8, 1976, and reported as follows:

Dissolved gross beta: 2.4 pCi/L as cesium-137

: 1.9 pCi/L as strontium-90/yttrium-90 .

Suspended gross ‘beta: 0.4 pCi/L as cesium-137

e <0.4 pCi/L as strontium-90/yttrium-90

¢

Radium-226 was measured on the same date by the radon method as
0.08 pCi/L (alpha). Gross alpha activity on the same date was
reported as follows:

Dissolved gross alpha: <1.6 ug/L as natural uranium ({1.08 pCi/L)
Suspended gross alpha: 0.7 pg/L as natural uranium (0.5 pCi/L)

A measurement of uranium concentration, presumably by the chemical
(fluorimetric) method, made on the same date gave a value of

0.06 pg/L. The contribution from the commercial nuclear fuel cycle is
negligible compared to natural background. The radioactivity observed
in the Susquehanna River at Harrisburg during 1977 was below the level
regarded as normal for this latitude (40°9'N). For example, the aver-
age radioactivity levels in surface water in the Chicago area have
been reported as alpha, 0.1 to 3 pCi/L, and beta, 5 to 10 pCi/L.

The tritium concentration of the Susquehanna River has been meas-
ured and found to be fairly constant. Samples of Susquehanna River
water taken at Danville (upstream from TMI-2), collected and analyzed
by the Environmental Protection Agency (EPA) between July 1985 and
March 1987, have shown no detectable gamma activity and an average
tritium concentration (#2 standard deviations) of 230 * 200 pCi/L (EPA
1985, 1986a, 1986b, 1987a, 1987b, and 1987c). The Commonwealth of
Pennsylvania has also collected a total of 2308 samples from the
Susquehanna River and from water intakes which draw from the Susque-
hanna River both upstream and downstream of the plant (Commonwealth of
Pennsylvania 1981, 1982a, 1982b, 1983, 1984, 1985, and 1986). Of
these samples, 2307 contained less tritium than the lower limit of
detection, which ranged from 230 to 440 pCi/L. A single sample taken
at the Lancaster water intake showed 422"+ 192 pCi/L.

4.1.4 Groundwater
The site is underlain by sandy silts, gravels, weathered bedrock,

and hard siltstone (the Gettysburg Formation). In general there are
two distinctly different water-bearing zones in the naturally
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deposited materials on Three Mile Island. They are the overburden
material deposited during the process of river tranmsport and the

“underlying Gettysburg shale.

The water-bearing characteristics of the Gettysburg shale can be
described as a tabular aquifer, with some beds having the ability to
transmit water while other beds have virtually no water-bearing capa-
bilities. The permeability of these beds vary from. one bed to
another. The tabular aquifer beds can be described as overlapping,
lens-shaped and discontinuous in every direction, but may extend
laterally (generally east to west) up -to several thousand feet and may
extend downward from a few hundred feet to as much as 3000 feet
(914 meters). Groundwater flow in the Gettysburg shale is highly
anisotropic. Aquifer pumping tests were conducted and indicate
specific capacities ranging from 0.33 to 15.0 gal/min/ft (1.2 to
5.7 L/min/m) of drawdown.

The licensee measures groundwater elevations at 19 onsite moni-
toring stations. The mean groundwater elevation for these statlons\ln
1986 was 283.1 feet (86.3 r=ters) mean sea level (MSL), as based on
218 readings. The Susqueh.nna River is normally at 277 feet
(84.4 meters) MSL. With the exception of two stations, the readings
ranged from 277.6 feet (84.6 meters) to 286.7 feet (87.4 meters). The
station with the lowest reading recorded 275.5 feet (84.0 meters) MSL.
The station with the highest reading recorded 293.2 feet (89.4 meters)
MSL.® These wells were sited to detect leakage of contaminated water
from the Unit-2 reactor, auxiliary buildings, and outside storage
tanks. Some of the wells proceed 15 feet (4.6 meters) into the bed-
rock. Available information suggests that sampling is of the uncon-
fined water table aquifer in the overburden.

The potable water supplies nearest to TMI are three wells located
on the east bank of the Susquehanna River, directly across from the
site. All these wells have groundwater elevations above the river and
above the groundwater level at TMI. The groundwater flow direction in
both the overburden material and the Gettysburg shale is from Unit 2
toward either the east or middle channels of the Susquehanna River.
This groundwater is discharged into the Susquehanna River system. It
is prevented from migrating under the river by opposing flow of
groundwater from higher land across the river.

4.1.5 Aquatic Ecology

The biota of the Susquehanna River includes organisms usually
associated both with flow1ng waters and, because of the impoundments,
with standing waters.

(a) Letter from F. R. Standerfer to the NRG, June 23, 1987. Subject:
Post-Defueling Monitored Storage Environmental Evaluation.
4410-87-6093 Document ID 0194P.




Large aquatic plants are rare in the river because of fluctuating
flows and water levels and the type of river bottom substrates, which
in most of the free-flowing areas are sand or rock. A dominant source
- of primary production is algae. The cycle of algae production is rep-
resentative of algal succession in a lake (a spring bloom of diatoms,
a summer abundance of green algae, and a laté summer/early fall
increase in blue-green algae and flagellates) and indicates the impor-
tance of the impoundments in the trophic structure of the river.

Zooplankton composition and abundance are variable; the dominant
groups are rotifers (Branchionus sp.), cladocerans (Bosmina sp.), and
copepods (Cyclops sp.). Periodic large populations of rotifers also
suggest excessive domestic waste loadings of the river. The most
abundant benthic (living on or near the bottom of the river) inverte-
brates are tubificid worms and insect larvae. The fish community can
be characterized as a warm-water assemblage and is dominated by ‘
members of the minnow, perch, and sunfish families.

4.1.6 Terrestrial Ecology

Land use in the TMI vicinity is primarily agricultural, although
a significant amount of land is also devoted to residential and urban
development. Agriculture is diverse and includes corn and wheat farm-
ing, as well as dairy, poultry, and livestock operations. The for-
ested areas surrounding TMI contain both hardwood and softwood trees.
The plant community in these areas is less than 80 years old and con-
sists of species that are common to this area. :

In the vicinity of the TMI site, 212 species of terrestrial ver-
tebrates were found, including 179 birds, 19 mammals, 8 reptiles, and
6 amphibians. . Small-game animals include the eastern cottontail rab-
bitAand'the gray squirrel. Mammalian predators include the longtail
weasel and the red fox. The largest mammal found on the site was the
white-tailed deer. Four species of upland game bird were found
onsite: ring-necked pheasant, American woodcock, mourning dove, and
rock dove. Whistling swan, Canada goose, nine species of dabbling
duck, seven species of diving duck, and three species of mergansers
also were reported. This sampling of species is also typical of the
fauna found downriver of the site. Because the Susquehanna River is a
major flyway, large numbers and many species of migratory and resident
waterfowl nest and feed on the ponds and reservoirs along the river.

None of the species of birds, mammals, reptiles, or amphibians
known to reside on or in the immediate vicinity of the TMI site have
been designated as federally protected species in Pennsylvania. How-
ever, three of the federally listed species (the bald eagle, peregrine
falcon, and Indiana bat) may migrate through the area. No known nest-
ing sites of the three have been found in the TMI site vicinity, and
no known sites are on record. ‘



The Commonwealth of Pennsylvania's list of endangered and threat-
ened species includes three species of bird that have the potential to
pass through the TMI area. They include the king rail, osprey, and
black tern. Only the osprey has been sighted in the immediate area of
the TMI site, although the nearest recorded nesting site is 33 river-
miles (53 kilometers) south.

The golden seal (Hydrastis canadensis), a federally protected
plant species, has been confirmed to occur in the TMI vicinity.  Wild
ginseng (Panax quinquefolius), which is also on the Federal list, is
on the historical record of species in the TMI vicinity, although no
recent sightings have been recorded.

4.1.7 Background Radiation

Recent reports by the National Council of Radiation Protection
and Measurements (NCRP) indicate that the total estimated effective
dose equivalent rate from natural background for an individual member
of the public in the United States is 300 mrem/yr (NCRP 1987a, NCRP
1987b). The increased background dose rate results from new estimates
of the dose rates from radon decay products.

The background concentrations of various radionuclides in air and
precipitation in the vicinity of TMI-2 are representative of back- -
ground concentrations elsewhere in the United States. The EPA meas-
ured beta radioactivity in air in the Harrisburg and TMI areas between
July 1985 and March 1987 (EPA 1985, 1986a, 1986b, 1987a; 1987b,
1987c). A total of 264 samples analyzed in the field for beta activ-
ity (not including samples taken in May and June of 1986) averaged
0.2 pCi/m®.® The activity in the May and June samples is-attributable
to the Chernobyl accident, which occurred on April 26, 1986. The
average gross beta activity in 30 samples collected at Harrisburg dur-
ing May 1986 was 0.6 pCi/m®; the 42 samples collected at TMI averaged
0.8 pCi/m®. The average concentration in nine samples taken during
June 1986 at Harrisburg was 0.3 pCi/m®; the average of the seven sam-
ples taken at TMI in June 1986 was 0.7 pCi/m’. In addition, there were
"two samples taken at Middletown during June 1986 that averaged.

0.3 pCi/m®. The detection limit for these analyses was 0.1 pCi/m’.

Air-sample filters from Harrisburg and TMI were combined for
6-month periods.and analyzed for plutonium and uranium. The average
isotopic concentrations (2 standard deviations) are as follows:
plutonium-238, 0.50 + 0.70 aCi/m*;® plutonium-239/240, 0.33 + 0.46
aCi/m®; uranium-234, 15.7 *+ 3.2 aCi/m’; uranium-235, 0.44 + 0.46 aCi/m’;
and uranium-238, 13.6 * 2.8 aCi/m’.

(a) There are one trillion (1,000,000,000,000) picocuries in a curie.
(b) There are one quintillion (1,000,000,000,000,000,000) attocuries
in a curie.
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Precipitation samples were also collected and analyzed by the
EPA between June 1985 and March 1987 at Harrisburg and Middletown.
The samples were analyzed for gross beta activity, tritium, and in
some cases gamma activity. Except for samples collected during May
1986, all samples were combined for a month. Results are reported as
nCi/mzfa) Minimum detectable levels are determined by the amount of
rainfall as well as other factors. The average beta activity
(2 standard deviations) in 17 monthly samples (excluding May 1986)
at Harrisburg was 0.21 * 0.06 nCi/m®>. The average of 19 monthly sam-
ples at Middletown was 0.15 + 0.05 nCi/m?. (The total beta activity
for the May 1986 samples affected by Chernobyl at Harrisburg was
1.22 + 0.77 nCi/m?;, at Middletown it was 2.87 * 0.55 nCi/m?.) Tritium -
results from 38 samples in Harrisburg and Middletown averaged 0.19 *
0.2 nCi/L. In addition, many of these same precipitation samples were
analyzed for gamma-emitting radionuclides. The only samples exceeding
the lower limit of detection were those taken during or shortly after
the Chernobyl accident. '

4.2 SUSQUEHANNA RIVER/CHESAPEAKE BAY AREA

The predominant features of the area under evaluation include
the Susquehanna River and the Chesapeake Bay. The 450-mile
(724-kilometer) Susquehanna is a major river in the eastern United )
States and supplies about 50 percent of the fresh water in the bay.
The Chesapeake Bay is one of the largest estuaries in the world,
having ‘a surface of about 4400 square miles (11,400 square kilo-
meters), a length of nearly 200 miles (320 kilometers), and more than
7000 miles (11,000 kilometers) of shoreline. The Susquehanna River/
Chesapeake Bay system supports commercial and recreational fishing and
- boating-and supplies water for public and industrial use.

Sport fishing is a popular activity in the Susquehanna River from
the vicinity of TMI to Havre de Grace (see Figure 4.8). The portion
of the river below the Conowingo Dam (shown in Figure 4.8) receives
spawning migrations. of some anadromous species, primarily members of
the herring family and striped bass. Sport fishing for crappie, bass,
walleye, channel catfish, and sunfish is popular on the entire river.
Although the river primarily serves local residents, sizable numbers
of fishermen from Maryland and Pennsylvania are attracted to the
river.

Sport fishing on the Chesapeake Bay is also a popular activity
involving both private and charter boats. The majority of the fishing
is done by residents of Maryland, the District of Columbia, Delaware,
Pennsylvania, and Virginia. There is also a large and growing use of
the Chesapeake Bay for other water-oriented recreation such as ‘
boating.

N .
(a) There are one billion (1,000,000,000) nanocuries in a curie.
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Shellfish and finfish that are commercially harvested from the
Chesapeake Bay include blue crabs, oysters, soft-shelled crabs, surf
clams, sea scallops, menhadden, croaker, bluefish, and flounder. The
shellfish and finfish harvest is marketed fresh and processed. 'Regu-
lar markets are spread across the United States and parts of Canada.

In addition to the Chesapeake Bay's importance to commercial and
sport fishing, the surrounding marshes and woodlands provide thousands
of acres of natural habitat for a diversity of wildlife. 1In the shal-
. low waters of the upper Chesapeake Bay, large aquatic plants and ter-
restrial plants, such as cord grass (Spartina sp.) and wild celery
(Vallisneria sp.), are quite productive, making the area an attractive
food source for waterfowl. This area is in the path of the Atlantic
flyway and provides wintering and feeding grounds for migrating water-
fowl. The waterfowl species that are attracted to the region in large
numbers include Canada geese, ducks, whistling swans, other species of
birds that use the wetlands for food and other habitat requirements,
plus a variety of game birds. The wildlife resources of the area pro-
vide opportunities for hunting and trapping and for activities such as
bird watching, nature walking, and nature photography.

4.3 TRANSPORTATION ROUTES

The vicinity of TMI is served by the transportation routes shown
in Figure 4.2. Interstate 8l is oriented northeast to southwest.
Interstate 80 runs east-west, north of the site. Interstate 70, south
of the site, also runs east-west. State Route 10, although a much
lower-volume road, is important locally. It is oriented north-south,
less than 50 miles (80 kilometers) east of the site. Interstate 76,
the Pennsylvania Turnpike, north of the site and south of Harrisburg,
connects with urban centers to the east and west. U.S. Route 30 is a
high-capacity road between Lancaster and York,. oriented east-west and
passing south of the site. Interstate 83, originating at Harrisburg,
extends south to York and Baltimore. U.S. Route 22/322 passes by the
site to the northwest.

Shipments of radioactive waste from the TMI site routinely pass
over State Route 283 and Interstate Routes 83, 81, and 80 before they
leave the Commonwealth of Pennsylvania to the west. Interstate 76 is
not normally used for westbound shipments because of tunnel restric-
tions. Interstate 81 is normally used for southbound shipments. The
highway route to the low-level waste (LLW) disposal site near
Richland, Washington, is shown in Figure 4.9.
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4.4 OFFSITE DISPOSAL LOCATIONS

The licensee's proposal and the NRC staff-identified alternatives
involve disposal of radioactive wastes at licensed LLW burial sites at
offsite locations. Shipments of low-level wastes for disposal have
been transported by truck to the commercial LLW burial site near
Richland, Washington.

The shipment of low-level wastes “to the commercial LLW bur1a1
site near Richland is assumed for waste dlsposal before 2001.
Although other sites may be available at this time, because of the
distance involved (2680 miles [4313 kllometers]), thls LLW site is
judged to be the bounding casé from a transportatlon acc1dent
standpoint.

The LLW burial site near Richland is operated by U.S. Ecology,
Inc., as a commercial radicactive waste disposal site. The site is
located in a semi-arid area of relatlvely low population density,

25 miles (40 kilometers) northwest of Richland on 100 acres (40 hec-
tares) of leased land near the center of the Department of Energy
(DOE) Hanford Nuclear Reservation. - The facility is licensed by the
NRC for the disposal of commercial radioactive waste. The impact of
LLW disposal at this site is the subject of separate environmental
evaluations and is considered beyond the scope of this document.

The Low-Level Waste Policy Amendments Act mandates State and/or
regional disposal sites (or State -possession of LLW) by December 31,
1992, (as discussed in Section 2.3.5). Accérdingly; the ‘Commonwealth
of Pennsylvania has entered into a regional compact, which has been
ratified by Congress. No site for the 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
document that waste generated after 2001 would be shipped to this
disposal facility. A generic site 250 miles (400 kilometers) from TMI
was assumed because this distance approximates that between TMI-2 and
the most extreme border of Pennsylvania. The characteristics of this
'site are unknown at the present time; its operation will be the sub-
ject of a separate environmental review. The impact of the disposal
‘of TMI waste at this site is beyond the scope of this document.
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5.0 COMPARISON OF THE ENVIRONMENTAIL IMPACTS OF THE LICENSEE'S
PROPOSAL OF DELAYED DECOMMISSTONING AND NRC STAFF-IDENTIFIED
ALTERNATIVES

This section compares the environmental impacts of the licensee's
proposal of delayed decommissioning and the five quantitatively evalu-
ated U.S. Nuclear Regulatory Commission (NRC) staff-identified alter-
natives described in Section 3.0. The impacts are summarized in
Section 5.1. The discussion of the radiological impacts in Sec-
tion 5.2 includes an estimate of the possible hzalth effects resulting
from radiation doses to the hypothetical maximally exposed offsite
individual, to the population within the 50-mile (80-kilometer)
radius, and to the TMI-2 cleanup workers. The discussion of non-
radiological impacts in Section 5.3 includes consideration of the
cost, land commitment, and socioceconomic effects. 1In Section 5.4 the
discussion of potential accidents includes consideration of radio-
logical impacts resulting from accidents at the TMI-2 site and during
waste transportation, and nonradiological impacts including traffic
accidents, injuries, and fatalities. :

5.1 SUMMARY OF THE IMPACTS FOR THE ALTERNATIVES CONSIDERED

Table 5.1 summarizes the expected radiological envirommental
impacts of routine releases that would result from delayed decommis-
sioning, delayed cleanup, immediate cleanup, immediate cleanup/reduced
effort, immediate decommissioning, and incomplete defueling, as evalu-
ated in Sections 3.1 through 3.6 (the impact of accidents is discussed
in Section 5.4). For each alternative, the table lists the dose
received by the TMI-2 cleanup workers, the dose received during waste
transportation, the dose for the maximally exposed offsite individual,
the dose to the offsite population within the 50-mile (80-kilometer)
radius, and the dose to the population outside the 50-mile
(80-kilometer) radius that receives radiation dose that is attribut-
able to the TMI-2 cleanup. The offsite doses are reported for trans-
portation, atmospheric, and river pathways.

A direct comparison of the alternatives is not appropriate
because the extent or degree of decontamination achieved in the facil-
ity by the completion of the alternative varies among the alterna-
tives. Delayed decommissioning (the licensee's proposal), immediate
decommissioning, and incomplete defueling result in only limited addi-
tional area and equipment decontamination at the start of decommis-
sioning. Delayed cleanup, immediate cleanup, and immediate cleanup/
reduced effort will result in (1) building and equipment decontami-
nation to the point where general area dose rates approximate those in
an undamaged reactor at the end of its operating life, (2) fuel
removal and decontamination of the reactor coolant system, (3) treat-
ment of radioactive liquid wastes, and (4) packaging, shipping, and
offsite disposal of radiocactive wastes before the start of decommis-
sioning or refurbishment.

5.1
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Section Number
and Alternative

TABLE 5.1. Estimated Radiological Environmental Impacts®

Occupational Dose, Offsite Dose Trans

person-rem

50-year Dose Commitment®

Waste

Maximally Exposed

portation, Offsite Individual,.

Offsite Population

Within 50-mile Radius

of T™MI-2,(

Offsite Population

Outside 50-mile

Radius of TMI-2,

3.1 Delayed
Decomissionins(d)

3.2 Delayed Cleanupl®

3.3 Immediate Cleanup@

3.4 Immediate Cleanup/
Reduced Effort!!

86 to 230
(31 to 280)

1500 to 4000

(1300 to 8400)

3700 to 9400M

3700 to 93o00li)

Pathway person-rem mrem person-rem person-rem -

Transportation 0.5 to 2.4

’ (0.3 to 2.6)
Atmosphere
(bone) . 23 (6.0 to 30) 13 (2.4 to 19) 1.2 (0.5 to 1.3)
(total body) 1.9 (0.5 to 2.6) 7.8 (1.3 to 11) 0.3 (0.2 to 0.4)
River
(bone) 0.03 (0.01 to 0.04) 0.09 (0.04 to 0.1) 0.3 (0.09 to 0.4)
(total body)’ 0.02 (0.007 to 0.03) 0.008 (0.002 to 0.01) 0.03 (0.008 to 0.05)
Transportation 9.7 to 19 N

(9.7 to 170)

Atmosphere
(bone) 24 (8.1 to 31) 14 (3.3 to 20) 1.2 (0.6 to 1
(total body) 1.9 (0.6 to 2.6) 7.9 (1.4 to 11) 0.3 (0.2 to 0.4
River
(bone) 0.2(f) 1.4 (1.2 to 1.6) 3.9 (3.0 to 5.5)
(total body) 0.1(f) 0.08 (0.06 to 0.09) 0.2 (0.2 to 0.3)
Transportation 91 to 170
Atmosphere .
(bone) 6.7 4.3 0.2
(total body) 0.6 2.4 0.1
River
(bone) 0.2 1.1 2.9
(total body) 0.1 0.06 0.2
Transportation 91 to 170
Atmosphere
(bone) 5.6 3.1 0.3
(total body) 0.4 1.7 0.06
River .
(bone) 0.2 1.0 2.8
(total body) 0.1 0.06 0.2
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TABLE 5.1. (contd)

S50-year Dose Comit.ment(b)

Offsite Population Offsite Population

. Waste Maximally Exposed Within SO-milf )Radius OQutside 50-mile
Section Number Occupational Dose, Offsite Dose Transportation, Offsite Individual, of TMI-2,\¢ Radius of TMI-2,
and Alternative person-rem Pathway person-rem mrem person-rem person-rem

3.5 Immediate 17 to 41 Transportation 0.3 to 0.5

Deconmissioning(k)
Atmosphere ) :
(bone) 0.05 0.01 0.002
(total body) 0.001 6.0009 0.0001
River .
(bone) . . 0.007 0.02 0.05
(total body) . 0.006 0.002 0.008

3.6 Incomplet? : 86 to 230 Transportation 0.5 to 2.4

Defueling 1) )
Atmosphere i .
(bone) 23 13 1.2
(total body) 1.9 7.8 ) 0.3
River
(bone) 0.03 0.09 0.3
(total body) 0.02 0.008 . 0.03

(a) Impacts associated with decommissioning are not included.

(b) Doses from offsite burial of low-level wastes are not included.

(c¢) Includes the dose (for river pathway) from consumption of Chesapeake Bay shellfish.

(d) Cumulative 50-year dose commitment received over a l-year period of preparation, a 23-year period of storage, and a l-year period of
decommissioning preparations. Numbers in parentheses are the cumulative 50-year dose commitment received over a l-year period of
preparation, a 5- to 33-year period of storage, and a l-year period of decommissioning preparations.

(e) Cumulative 50-year dose commitment received over a l-year period of preparation, a 23-year period of storage, and a 4-year period of
cleanup. Numbers in parentheses are the cumulative 50-year dose commitment received over a l-year period of preparation, a
5- to 33-year period of storage, and a 4-year period of cleanup. . ’ -

(£) Rounding off to one significant figure, the dose to the maximally exposed individual would be the same for 23 years, 5 years, or
33 years of PDMS.

(g) Cumulative 50-year dose commitment received over a 2-year period for engineering study, a 3~ to 4-year period of cleanup and an
18-year post-cleanup storage period. ‘ ’ )

(h) Includes 26 to 42 person-rem of occupational dose estimated for an 18-year storage period following the completion of cleanup.

(i) Cumulative 50-year dose commitment received over a 7- to 10-year period of cleanup and a lé-year post-cleanup storage period.

(3) Includes 21 to 34 person-rem of occupational dose estimated for a l4-year storage period following the completion of cleanup.

(k) Cumulative 50-year dose commitment received over a 2-year period of decommissioning preparations.

(1) Cumulative 50-year dose commitment received over a l-year period of preparation, a 23-year period of storage, and a l-year period of

decommissioning preparations.



The occupational dose estimated for the licensee's proposal is 86
to 230 person-rem. Occupational dose estimates for the alternative
actions range from 17 to 41 person-rem for the immediate decommission-
ing alternative to 3700 to 9400 person-rem for the immediate cleanup.
alternative. The occupational dose estimates for the remaining alter-
natives fall within these estimated ranges. As mentioned previously,
the degree of decontamination varies among the alternatives. Many of
the activities that would occur during the period encompassed by the
delayed cleanup, immediate cleanup, and immediate cleanup/reduced
effort alternatives will occur during the decommissioning period of
delayed decommissioning (licensee's proposal), immediate decommission-
ing, and incomplete defueling alternatives. Because the impacts of
the decommissioning period are not evaluated in this supplement, the
impacts of many of the activities during the delayed cleanup, imme-
diate cleanup, and immediate cleanup/reduced effort alternatives are
not reflected in the occupational dose estimates for ,delayed and
immediate decommissioning or incomplete defueling.

The population dose due to waste transportation is distributed to
truck crews and those persons along the transportation route. The
estimated dose from the licensee's proposal is 0.5 to 2.4 person-rem
(total body). The dose ranges from 0.3 to 170 person-rem (total body)
for the alternative actions. The dose to the persons along the trans-
portation route is a small fraction of the total annual dose from
background sources that is received by this population.

For routine offsite releases resulting from delayed decommission-
ing, the total 50-year dose commitment estimated for the maximally
exposed individual is 23 mrem to the bone and 1.9 mrem to the total
body from releases to the atmosphere, and 0.03 mrem to the bone and
0.02 mrem to the total body from releases to the Susquehanna River.

In comparison, for the five NRC staff-identified alternatives, the
total 50-year dose commitment estimated for the maximally exposed
offsite individual ranges from 0.05 to 31 mrem to the bone and 0.001
to 2.6 mrem to the total body from releases to the atmosphere, and
0.007 to 0.2 mrem to the bone and 0.006 to 0.1 mrem to the total body
.from releases to the Susquehanna River. These doses are based on
exposures. occurring over periods of 2 to 38 years and on a series of
conservative assumptions, as discussed in Section 3.0 and Appendix E.
" The doses resulting from the licensee's proposal and alternatives are
in addition to the approximately 300 mrem/yr to the total body
received by the average Harrisburg resident from natural background
(NCRP 1987a and 1987b). Thus, the total body dose to the maximally
exposed individual is 0.03 percent of the background dose received by
this individual during the period of impact for delayed decommission- °
ing and ranges from 0.001 to 0.03 percent of the background dose for
the NRC staff-identified alternatives.

The total 50-year dose commitment to the population living within

50 miles (80 kilometers) of TMI-2 from the licensee's proposal is
13 person-rem to the bone and 7.8 person-rem to the total body from

5.4



releases to the atmosphere, and 0.09 person-rem to the bone and

0.008 person-rem to the total body from releases to the Susquehanna
River. 1In comparison, for the five NRC staff-identified alternatives
the total 50-year dose commitment to the population within 50 miles
(80 kilometers) of TMI-2, is estimated to range from 0.01 to

20 person-rem to the bone and 0.0009 to 11 person-rem to the total
body from releases to the atmosphere, and 0.02 to 1.6 person-rem to
the bone and 0.002 to 0.09 person-rem to the total body from releases
to the Susquehanna River. The population doses are potentially
distributed to a population ranging from 2.5 million persons-to

3.7 million persons within 50 miles (80 kilometers) of TMI-2. In
addition to the doses incurred during storage and/or cleanup, these
populations are expected to receive annual background radiation doses
to the total body of approximately 750,000 person-rem per year and’
1,100,000 person-rem per year for 2.5 million and 3.7 million persons,
respectively (assuming an average background dose rate of

300 mrem/yr). Thus, the total body dose received by the population
within the 50:mile (80-kilometer) radius of TMI-2 during the period of
impact is 0.00004 percent of the background dose for the licensee's
proposal and ranges from 0.0000002 to 0.00004 percent of the back-
ground dose for the five NRC staff-identified alternatives.

An additional population living throughout the whole United
States, but outside the 50-mile (80-kilometer) radius receives radia-
tion dose attributable to the TMI-2 cleanup from external exposure,
inhalation, the consumption of food exported from within the 50-mile
(80-kilometer) radius, and consumption of Chesapeake Bay shellfish.
Because of the potentially large size of this population, the dose
during any of the alternatives is an even smaller fraction of the
background radiation dose than that given above for the population
within the 50-mile (80-kilometer) radius.

Table 5.2 summarizes the nonradiological impacts that could
result from the licensee's proposal for delayed decommissioning and
the alternatives as discussed in Section 3.0. These include the
estimated cost of implementation (in 1988 dollars), the long-term
commitment of space for radioactive waste burial, and the estimated
number of transportation accidents expected during waste shipments.

The estimated cost of implementing the licensee's proposal ranges
from $92 million to $100 million. For the NRC staff-identified alter-
natives the cost of implementation ranges from $17 million to $20 mil-
lion for the immediate decommissioning alternative, to $260 million to
$510 million for the immediate cleanup/reduced effort alternative.
These costs are in 1988 dollars and include the estimated waste-
disposal costs.

None of the alternatives or the licensee's proposal would require
any new long-term commitment of land onsite, but all would require
storage space in a low-level waste (LLW) commercial burial site.




TABLE 5.2. Estimated Nonradiological Environmental Impacts of
Cleanup Alternativesa : ,

Section Number o - LLW Burial Grotuid Space Estimated Number of
and Alternative . Cost, $§ millions(b) . Traffic Accidents
3.1 Delayed - 92 to 100 ' 950 to 4600 = © ©0.02 to 0.1
Decommissioning > (29 to 1100)(d) ) . (310 to 6400) . (0.01 to.0.1) .
3.2 Delayed Cleanup - 210 to 340 - " 121,000 to 187,000 0.6 to 1.1
' (150 to 370) -~ - . . (120,000 to 189,000).  .-. - (0.6 to 7.2)
3.3 Immediate Cleanup 310 to 400(¢) . " 120,000 to 182,000 - “4.5to 7.2
3.4 Immediate Cleanup/ 260 to 520(f) " ¥ 120,000 to 182,000 . 4.5 t0 7.2,
"Reduced Effort o . . S o : )
3.5 Immediate . 17 to 20 - 70 t6 370 0.007 to 0.02
Decommissioning B : : o )
3.6 Incomplete . - 92 to 100 ' 950 to 4600 ’ 0.02 to 0.1
Defueling ' B o - S C

(a) Impacts associated with decommissioning or refurbishment are not included.

(b) Constant 1988 dollars. ' .

(c¢) LLW burial ground.space is in cubic feet. For metric equivalents, see Section 3.0.

(d) Numbers in parentheses are the impact.s from t.he alt.ernative based on a 5- to 33-year period
of storage. :

(e) Includes $68 million to $74 million in labor cost for an 18- year storage per:.od following
cleanup.

(f) Includes $54 million to $59 million in labor cost for a llo—year storage period following
cleanup. . .

The amount of storage space required for the licensee's proposal is
950 to 4600 cubic- feet (27 to 130 cubic meters). Thée amount of" stor-
age space necessary for the remaining alternatives ranges from 70 to
370 cubic feet (2 to 11 cubic meters) for the immediate decommis:=
‘sioning alternatlve to 120,000 to 189,000 cubic feet (3400 to
5400 cubic meters) for the delayed cleanup alternative.

The number of transportation accidents estimated to'occur during
the licensee's proposal for delayed decommissioning ranges from 0.02
to 0.1. For the NRC staff-identified alternatives the number of
transportation accidents ranges from 0.007 to 0.02 for the immediate
decommissioning alternative to 4.5 to 7.2 for the immediate cleanup
and immediate cleanup/reduced effort alternatives. ' An accident is
defined as any form of traffic accident and does not necessarily imply
personnel injuries, fatalities, or any disturbance to the cargo. The
number of injuries, fatalities, and radiological events resulting from
traffic accidents.is described in Section 5.4..° The number of acci--
dents estimated to result during delayed cleanup is smaller than for
immediate cleanup.or immediate cleanup/reduced effort because of the
significant reduction in shipping distance assumed to occur if cleanup
is delayed until a regional LLW disposal facility is available.

5.6



5.2 RANGE OF RADIOLOGICAL IMPACTS AND POSSIBLE HEALTH EFFECTS

In estimating potential health effects from both offsite and
occupational radiation exposures as a result of TMI-2 cleanup, the
staff used somatic (cancer) and genetic risk estimators that are based
on widely accepted scientific information. Specifically, the staff's
estimates are based on information compiled by the National Academy of
Sciences (NAS) Advisory Committee on the Biological Effects of
Tonizing Radiation (BEIR 1972; BEIR 1980). The estimates of the risks
to workers and the general public are based on conservative assump-
tions (that is, the estimates are probably higher than the actual
number). The following risk estimators were used to estimate health
effects: 135 potential deaths from cancer per million person-rem and
220 potential cases of all forms of genetic disorders per million
person-rem.

The cancer-mortality risk estimates are based on the "absolute
risk" model described in BEIR I (BEIR 1972). Higher estimates can be
developed by use of the "relative risk" model along with the assump-
tion that risk prevails for the duration of life. Use of the "rela-
tive risk" model would produce risk values up to about four times
greater than those used in this report. The staff regards the use of
the "relative risk" model values as a reasonable upper limit of the
range of uncertainty. The lower limit of the range could be zero
because there may be biological mechanisms that can repair damage
caused by radiation at low doses and/or dose rates. The potential
number of total cancers would be approximately 1.5 to 2 times the
number of potential fatal cancers, according to BEIR III (BEIR 1980).

Values for genetic risk estimators range from 60 to 1100
potential cases of all forms of genetic disorders per million
person-rem (BEIR 1980). The value of 220 potential cases for all
forms of genetic disorders is equal to the sum of the geometric means
of the risk of specific genetic defects and the risk of defects with
complex etiology.

The preceding values for risk estimators are consistent with the
recommendations of a number of recognized radiation protection organ-
izations, such as the International Commission on Radiological
Protection (ICRP 1977), the National Council on Radiation Protection
and Measurements (NCRP 1975), the NAS (BEIR 1980), and the United
Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR 1982).

The risk of potentially fatal cancers in the exposed work-force
population is estimated as follows: multiplying the plant-worker-
population dose (as shown in Table 5.3 for the licensee's proposal and
the quantitatively evaluated alternatives) by the somatic risk esti-
mator (135 potential deaths from cancer per million person-rem) pro-
duces the estimated number of cancer deaths that may occur in the
total population of exposed workers involved in each alternative (also
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TABLE 5.3. Potential Fatal Cancer Death Estimates for the Total
Exposed Work-force Population®

. . VOcéupationél ‘Estimated Number
Section Number Dose Commitment, ' of Potential
and Alternative person-rem® Cancer Deaths
3.1 Delayed - ' . 86 to 230 0.01 to 0.03
Decommissioning® : o
3.2 Delayed Cleanup® : ‘:>1500_to 4000 0.2 to 0.5 -
3.3 Immediaté Cleanup .«_‘3700.to 9400 ) 0.5 to 1.3
3.4 Immediate Cleanup/ ~ -3700 to 9300 0.5 to 1.3-
' Reduced Effort : K
3.5 Immediate 17 to 41 '0.002 to 0.006
Decommissioning . ' O '
3.6 Incomplete 86 to 230 0.01 to 0.03
Defueling® : "

(a) Impacts associated w1th decomm1351on1ng are not 1nc1uded
(b) 50-year dose commitment.
(c) Estimates assume a 23-year PDMS period.

~shown in Table 5.3). The higher value of 1.3 cancer deaths for the
immediate cleanup and immediate cleanup/reduced effort alternatives
means that there is the potential for one radiation induced cancer.
death attributable to the exposure of the work force over the lifetime
of the entire work force. The risk of potential genetic disorders
attributable to exposure of the work force is a risk borne by the:
progeny of the workers but may be added to the risk to the entire
population and is thus properly con31dered as part of the risk to the
general public.

Conservative estimates of the radiological doses and dose com-
~mitments resulting from the alternatives are given in Section 3.0.
Accurate measurements. of radiation and radioactive contaminants can be
made with a very high sensitivity so that much smaller amounts of ’
radionuclides can be recorded than can be associated with any possible
observable ill effects. Furthermore, the effects of radiation on
living systems have for decades been subject to intensive investiga-
tion and consideration by individual scientists as well as by select
committees that have ocdcasionally been constituted to objectively and
independently assess radiation dose effects. Although, as in the case
of chemical contaminants, there is debate about the exact extent of
the effects of very low levels of radiation that result from nuclear
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power plant effluents, upper-bound limits of deleterious effects are
well established and amenable to standard methods of risk analysis.
Thus, the risks to the maximally exposed member of the public outside
the site boundaries or to the total population outside the boundaries
can be estimated. These risk estimates for the alternatives evaluated
are presented below. '

The risk to the maximally exposed individual is estimated by
multiplying the preceding risk estimator (135 potential deaths from
cancer per million person-rem) by the estimated dose to the total body
(as shown in Table 5.4). This calculation results in a risk of poten-
tial premature death from cancer to the maximally exposed individual
from exposure to radioactive effluents (gaseous or liquid) ranging
from approximately 9 chances in 10 billion for the immediate decom-
missioning alternative to approximately 3 chances in 10 million for
the delayed decommissioning, delayed cleanup, and incomplete defueling
alternatives. These risks are very small in comparison to cancer
incidence from causes unrelated to the cleanup of the TMI-2 facility.

TABLE 5.4. Potential Premature Cancer Death Estimates for the
Maximally Exposed Individual®

Maximally Exposed Off-

Section Number site Individual Dose  Estimated Risk
and Alternative Commitment, mrem® of Cancer Death

3.1 Delayed 1.9 0.0000003
Decommissioning®

3.2 Delayed Cleanup" 2.0 0.0000003

3.3 1Immediate Cleanup 0.7 0.00000009

3.4 Immediate Cleanup/ 0.5 0.00000007
Reduced Effort :

3.5 Immediate v 0.007 0.0000000009
Decommissioning '

3.6 Incomplete 1.9 0.0000003
Defueling® '

(a) Impacts associated with decommissioning are not included.
(b) 50-year dose commitment from atmosphere and river pathways.
(c) Estimates assume a 23-year PDMS period.
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The risk of death from cancer to the average individual within
50 miles (80 kilometers) of the facility from exposure to radioactive
effluents from TMI-2 is much less than the risk to the maximally
exposed individual. Multiplying the dose to the general population
within 50 miles (80 kilometers) of TMI-2 from exposure to radioactive
effluents by the preceding somatic risk estimator (as shown in
Table 5.5), the staff calculates less than 0.001 cancer deaths (i.e.,
the probability of a single cancer death occurring in the entire off-
site population is approximately 1 chance in 1000) from the delayed
decommissioning, delayed cleanup, and incomplete. defueling alterna-
tives to less than 0.0000004 cancer deaths (i.e., the probability of a
single cancer death occurring in the entire offs1te population is
approximately 4 chances in 10 million) from the immediate decommis-
sioning alternative. The statistically expected value is zero deaths
in each case.

The significance of this risk can be illustrated by comparing it
to the total projected incidence of cancer deaths in the population
within 50 miles (80 kilometers) of TMI-2. Multiplying the estimated
population within 50 miles (80 kilometers) of TMI-2 assumed for the

TABLE 5.5. Potential Premature Cancer Death Estimates for the
General Population Within 50 Miles (80 Kllometers)

of TMI-2(®
Offsite Population
Section Number _ Dose Commitment, Estimated Risk of
and Alternative : person-rem® Cancer_Death
3.1 Delayed : - 7.8 ‘ _ 0.001
Decommissioning!(®) '
3.2 Delayed Cleanup(® 8.0 0.001
3.3 Immediate Cleanup 2.5 B 0.0003
3.4 Immediate Cleanup/ 1.8 0.0002
Reduced Effort
3.5 Immediate 0.003 0.0000004
Decommissioning
3.6 Incomplete 7.8 ' 0.001
Defueling(®)

(a) 1Impacts associated with decommissioning are not included.
(b) 50-year dose commitment.
(¢) Estimates assume a 23-year PDMS period.
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year 1991 (2.5 million people) by the incidence of eventual actual
- cancer fatalities of about 20 percent (American Cancer Society 1985),
the staff estimates that about 550,000 cancer deaths are expected.

For purposes of evaluating the potential genetic risks, the
progeny of workers are considered members of the general public.
However, it is assumed that only about one-third of the occupational
radiation dose is received by workers who have offspring after the
workers have been exposed to radiation (see Paragraph 80 of ICRP
1977). For example, multiplying the sum of the dose to the population
within 50 miles (80 kilometers) of TMI-2 from exposure to radio-
activity attributable to effluent from the delayed decommissioning
alternative (i.e., 7.8 person-rem total body, including gonads) and
the estimated dose from occupational exposure (i.e., one-third of
between 86 and 230 person-rem) by the preceding genetic risk estimator
(220 potential cases of all forms of genetic disorders per million
person-rem), the staff estimates that between 0.008 and 0.02 potential
genetic disorders may occur in all future generations of the exposed
population from delayed decommissioning activities. Estimates of the
potential genetic disorders for delayed decommissioning and the five
quantitatively evaluated alternatives for all future generations of
the exposed population are shown in Table 5.6. The statistically
expected number of genetic disorders attributable to alternatives is
 between zero and one.

TABLE 5.6. Potential Incidence of Genetic Disorders in
Future Generations of the Exposed Population
Within 50 Miles (80 Kilometers) of TMI-2®

Estimated Number
Of Potential Genetic

Section Number and Alternative 4 Disorders
3.1 Delayed Decémmissioning“ 0.008 to 0.02
3.2 . Delayed Cleanup® ‘ 0.1 to 0.3
3.3 Immediate Cleanup 0.3 to 0.7
3.4 .Immediate Cléanup/Reduced 0.3 to 0.7
Effort .
3.5 Immediate Decommissioning 0.001 to 0.003
3.6 Incomplete Defueling® 0.008 to 0.02

(a) Impacts associated with decommissioning are not included.
(b) Estimates assume a 23-year PDMS period.
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BEIR III (BEIR 1980) indicates that the mean persistence of the
two major types of genetic disorders is about 5 generations and 10
generations, respectively. Thus, in the following analysis the risk
of potential genetic.disorders from the cleanup operations is conser-
vatively compared w1th the risk of actual genetic ill health in the
first 5 generations. Multiplying the estimated population within
50 miles (80 kilometers) of the plant (about 2.5 million persons in’
the year 1990) by the current incidence of actual genetic ill health
in each generation (about 11 percent) it is estimated that about .
1.4 million genetic abnormalities are expected in the first five gen-
erations of the population (BEIR 1980) from causes unrelated to TMI-2
cleanup. »

No significant radiological'impact issexpected on aquatic or

terrestrial biota, including endangered species, as a result-of any of -
the alternatives. '

5.3 RANGE OF NONRADIOLOGICAL IMPACTS

The major nonradiological impacts identified include the cost of
implementation, long-term commitment of land and burial ground space,
and the socioeconomic effects. No significant chemlcal releases are
expected for any of the alternatives. S

‘Cost estimates were based on staff consideration of the cost of
major activities expected for each alternative. The estimates are not
based on an extremely detailed level of lnformatlon but they are
believed to provide an adequate ba51s for comparing the cost impact: of
the alternatives. The estimated costs (1n constant 1988 dollars), as--
shown in Table 5.2, for the licensee's proposal of delayed decommis-
sioning range from $92 million to $100 million. For the NRC staff-
identified alternatives, the estimated costs range from $17 million to
$20 million for the immediate decommissioning alternative to $260 mil-
lion to $510 million for the immediate .cleanup/reduced effort :
alternative. ' :

None of the alternatives require a new long-term commitment of . -
land at the TMI-2 site. The licensee's proposal (delayed decommis-
sioning) would require 950 to 4600 cubic feet (27 to 130 cubic
meters). The delayed cleanup alternative would require the largest
disposal space (120,000 to 189,000 cubic feet [3400 to 5400 cubic
meters]) and the immediate decommlsslonlng alternative would require
the smallest disposal space (70 to 370 cubic feet [2 to 11 cubic:
meters]), as shown in Table 5.2.

The 1987-1988 work force would be reduced from approximately
1150 persons to 100 to 125 persons in the first year‘of'delayed decom-
missioning, delayed cleanup, and incomplete defueling, and to 70 to
75 persons in subsequent years; however, the employment reduction in
the surrounding area amounts to only about 0.2 percent of the local
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baseline employment in the surrounding area. Thus, the socioeconomic
impact on the local economy should be minor. The staffing level for
immediate decommissioning was assumed to be twice as large as the
staffing level for the first 2 years of PDMS during delayed decommis-
sioning: 200 to 250 persons in the first year and 140 to 150 persons
the following year. The staffing level for completing cleanup after
PDMS for the delayed cleanup alternative would probably be somewhat
smaller than the current staffing levei, although larger than that
used during PDMS. The socioeconomic impacts for the immediate cleanup
and immediate cleanup/reduced effort alternatives are expected to be
minor; essentially the present economic impact of TMI-2 cleanup or
slightly less would be maintained for a period of 5 to 6 years for
immediate cleanup, or 7 to 10 years for immediate ,cleanup/reduced
effort.

The estimated time commitment varies from 7 to 35 years for
delayed decommissioning. This includes a l-year period of prepara-
tions for PDMS, an assumed storage period of 5 to 33 years, and a
l-year period of preparations for decommissioning. The time commit-

ment for delayed cleanup varies from 10 to 38 years. This includes a

l-year period of preparations for PDMS, a storage period of 5 to

33 years, and a cleanup period of 4 years following the end ®f PDMS.
The immediate cleanup alternative could be completed in about 5 to

6 years, including a 2-year period for engineering studies and a 3- to
4-year cleanup. The immediate cleanup/reduced effort could be com-
pleted in 7 to 10 years. The immediate decommissioning alternative
could be completed in 2 years following completion of defueling. 1In

“the ‘evaluation of the incomplete defueling alternative, a 25-year

period was considered (a l-year period of preparations for PDMS,

23 years of storage, and 1 year of preparations for decommissioning);

however, the time commitment could range from 7 to 35 years depending
on the length of the storage period. In all cases, additional activi-
ties, either decommissioning or refurbishment, would be required fol-

lowing the time span considered for each alternative.

No significant nonradiological impact is expected to aquatic or

terrestrial biota, including endangered species, as a result of any of
the alternatives.

5.4 RANGE OF ACCIDENT IMPACTS AND THEIR PROBABILITY

The accident impacts include both radiological impacts resulting
from potential accidents at the TMI-2 facility and radiological and
nonradiological impacts of accidents during transportation of the
waste to a low-level waste site. Table 5.7 lists the possible radio-
logical accidents and resulting dose estimates to the maximally
exposed individual for the licensee's proposal (delayed decommission-
ing) and the five quantitatively evaluated alternatives. For delayed
decommissioning, the largest accident impact resulting from a fire
during PDMS, gave an estimated 13 mrem to the bone and 1.6 mrem to the

5.13




'S

vt

TABLE 5.7. Estimated Environmental Impacts of Nontransportation Radiological Accidents®

Dose

Maximally Exposed

Offsite Population, person-rem
Qutside 50-Mile

Offsite Individual, Within 50-Mile
Stage of Accident and mrem Radius of TMI-2
Section Number and Alternative Accident Description Bone Total Body Bone Total Body
3.1 Delayed Decommissioning“” PDMS
' Fire in stairwell 13 1.6 0.8. 0.4
Decommissioning Préparations
Fire in stairwell 0.07 0.008 0.009 0.006
HEPA filter failure 0.08 0.003 0.009 0.0008
3.2 Delayed Cleanup® PDMS
Fire in stairwell 13 1.6 0.8 0.4
Cleanup . . )
Fire in stairwell 0.07 0.008 0.009 0.006
HEPA filter failure 89 9.7 9.7 6.9
Decontamination liquid spill 0.2 0.006 - 0.08 0.004
- Storage tank rupture 0.002 0.0003 0.03 0.0007
3.3 Immediaté Cleanup Engineering Study Period
: Fire in stairwell 0.2 0.02 0.01 0.007
s
Cleanup - ] ’ :
Fire in stairwell 0.2 0.02: 0.01 0.007
HEPA filter failure 150 16 12 8.4
Decontamination liquid spill 0.4 0.008 0.07 0.004
" Storage tank rupture 0.002 0.0003 0.02 - 0.0005
Post-cleanup Sﬁoragé
Fire in stairwell 2.4 0.3 0.2 . - 0.2
3.4 Immediate Cleanup/ Cleanup . . ] T
Reduced Effort Fire in stairwell 0.2 0.02. -+ 0.01 0.007
HEPA filter failure 150 17 13 ’ 8.8 -
Decontamination liquid spill . 0.4 0.008 0.07 0.004
Storage tank rupture 0.002 0.0003 " Q.OZ 0.0005
Post-cleanup Storage ) )
Fire in stairwell 2.4 0.2 0.2

0.2

Radius of TMI-2

Bone Total Body
0.1 0.04
0.0001  0.0001
0.0002  0.00001
0.1 0.04
0.0001  0.0001
0.3 0.1

,0.001  <0.00001

0.1 © 01007

" 0.001 0.0003
0.001 0.0003
1.4 0.5
0.001 0.0001
0.07 0:004
0.02 <0.001
0.001 0.0004
1.0 0.5
0.002  .0.0001
0.07 0.004
0.02 “0.01
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Section Number and Alternative

TABLE 5.7.

Stage of Accident and
Accident Description

(contd)

Dose

. Maximally Exposed
Offsite Individual,

3.5 Immediate Decommissioning Decommissioning Preparations

Fire in stairwell
HEPA filter failure

3.6 Incomplete Defueling(b) PDMS

Fire in stairwell

Decmhmissioning Preparations
Fire in stairwell
HEPA filter failure

(a)
(b)

Impacts associated with accidents during decommissioning are

Estimates assume a 23-year PDMS period.

mrem
Bone Total Body
0.2 0.02
0.2 0.006
13 1.6
0.07 0.008
0.08 0.003

not included.

Offsite Population, person-rem

Within 50-Mile

Radius of TMI-2

Bone

0.008
0.008

0.8

0.009
0.009

Total Body

0.005
0.0007

0.006
0.0008

Outside 50-Mile
Radius of TMI-2

' _Bone

0.001
0.001

0.1

0.0001
0.0002

Total Body

0.0004
0.00007

0.04

0.0001
0.00001



total body of the maximally exposed individual and 0.8 person-rem to
the bone and 0.4 person-rem to the -total body of the offsite popula-
tion within a 50-mile (80-kilometer) radiug of the site. 'For the NRC
staff-identified alternatives, the largest 50-year dose commitments
would result from a high-efficiency particulate air (HEPA) filter
failure accident during the immediate cleanup/reduced effort alterna-
tive, giving an-estimated 150 mrem to the bone and 17 mrem to the
total body of the maximally exposed individual and 13 person- rem to
the bone and 8.8 _person-rem to the total ‘body of the offsite’ popula-
tion within a 50-mile (80-kilometer) radius of the site. ‘It is
important to note that these accidents are based on ‘a series of con-
servative assumptions as discussed in Section 3.0, and and can be com-
pared with a background dose of 300 mrem/yr to the average individual
and 750,000 to 1,100,000 person-rem -to the population of 2.5 to ‘
3.7 million persons assumed for: ‘the analysis to live within a 50- mile
(80-kilometer) radius of TMI-2 at the time of the accidents. Accident
 impacts associated with any- alternative are a fractlon of the'
background exposure : »

Table 5.8 lists the major radiological and mnonradiological conse-
quences of transportation accidents. For ‘delayed decommissioning - (the
licensee's proposal) an estimated 0.02 to 0.1 accidents would occur .
(the probability of an accident during the entire duration of" the -
alternative is approximately 2 to 10 chances in 100) with 0.02 to 0.08
injuries (the probability of an injury during the entire duration of
the alternatives is approximately 2 to 8 chances in 100), 0.001 to N
0.006 fatalities (the probability of a fatality during the entire dur-
ation of the alternative is 1 to 6 chances in 1000) and a- populatlon
dose of 0.00003 to 0.0002 person-rem. For the NRC staff-identified
alternatives,. the maximum estimate of 4.5 to 7.2 accidents would occur
for the immediate cleanup and immediate cleanup/reduced effort alter-
natives, with 3.9 to 6.3 injuries, 0.3 to 0.5 fatalities (the proba-
bility of a fatality during the entire shipping is 3 to 5 chances out
of 10), and a population dose of about 0.005 to 0.0l person-rem. The
number of accidents, injuries, and fatalities estimated ‘during the
delayed cleanup alternative is smaller than for the immediate cleanup
alternative because of the significant reduction in shipping distance
assumed to occur if cleanup is delayed until a regional LLW disposal
facility is available. : : '
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TABLE 5.8. Estimated Radiological and Nonradiological Imbacts from
Truck Accidents(®

Radiological
: . Impacts '
Section Number Population Dose, Nonradiological Impacts, Estimated Number(b)
and Alternative person-rem Accidents Injuries Fatalities
3.1 Delayed 0.00003 to 0.0002 0.02 to 0.1 0.02 to 0.08 0.001 to 0.006
Decommissioning(c)
3.2 Delayed Cleanup(®)  0.0009 to 0.002 0.6 to 1.1 0.3 to 0.6 0.03 to' 0.05
3.3 Immediate Cleanup 0.005 to 0.01 4.5 to 7.2 3.9 to 6.3 0.3 to 0.5
3.4 Immediaﬁe Cleanup/ 0.005 to 0.01 4,5 to 7.2 3.9 to 6.3 0.3 to 0.5
Reduced Effort
3.5 Inmediate 0.00002 to 0.00003 0.007 to 0.02 0.007 to 0.01 0.0006 to 0.001
Decommissioning
3.6 Incomplet 0.00003 tov0.0002 0.02 to 0.1 0.02 to 0.08 '0.001 to 0.006

Defuelingfb)

(a) Impacts associated with decommissioning are not included.
(b) Truck crew and public.
(c) Estimates assume a 23-year PDMS period.







6.0 CONCLUSIONS

The NRC staff's conclusions are based on the evaluation of the
environmental impacts associated with the licensee's proposal and the
staff-identified alternatives. The licensee's proposal is to place
the TMI-2 facility in post-defueling monitored storage at the
conclusion of defueling for an unspecified period of time after which
the licensee would likely decommission the facility. The NRC staff
has termed this proposal delayed decommissioning. The NRC staff-
identified alternatives are (1) facility storage followed by comple-
tion of cleanup (i.e., delayed cleanup), (2) a 2-year period for an
engineering study followed by completion of cleanup (i.e., immediate
cleanup), (3) completion of cleanup at a reduced level of effort
(i.e., immediate cleanup/reduced effort), (4) an immediate 2-year
period of preparations for decommissioning (i.e., immediate decom-
missioning), (5) initiation of delayed decommissioning following
removal of only 85 percent of the fuel (i.e., incomplete defueling),
(6) additional cleanup followed by a stofage period and subsequent
completion of cleanup (i.e., additional cleanup before storage), and
(7) no. further cleanup following defueling (i.e., the "no-action"
alternative). :

The staff concludes:

¢ The licensee's proposal and the NRC staff-identified
alternatives (with the exception of the no-action alter-
native) are within applicable regulatory limits and could
each be implemented without significant environmental
impact. The potential health impact on both workers and the
offsite public from any of the alternatives is very small.

e None of the alternatives is obviously superior to the
licensee's proposal from the perspective of environmental
impacts. Although the quantitative estimates of potential
impacts vary among alternatives, these differences are not
judged sufficiently large to allow for identification of an
obviously superior alternative. Much of the variation
results from the variations in the endpoints of the alterna-
tives: delayed decommissioning, immediate decommissioning,
and incomplete defueling would result in limited additional
area and equipment decontamination before the facility is
decommissioned; delayed cleanup, immediate cleanup, imme-
diate cleanup/reduced effort, and additional cleanup before
storage would result in building and equipment decontami-
nation to the point where general area dose rates approxi-
mate those in an undamaged reactor facility (that has not
undergone a significant accident) nearing the end of its
operating life.




The alternative of no further cleanup following defueling
(or "no-action" alternative), required by the National
Environmental Policy Act of 1969 as part of environmental
impact statements, is not acceptable because it would
indefinitely postpone decommissioning of the facility
without specific approved exemptions from NRC regulations,
‘and would not result in the completion .of cleanup or in.the
elimination of the small but continuing public health and .
safety risk associated w1th the damaged TMI-2 fa0111ty

The licensee's proposal and the NRC staff 1dent1f1ed S
alternatives result in calculated doses to the public that
are fractions of the dose received from background
radiation.

Although the endpoints of the licensee's proposal and the
staff-identified alternatives vary, the environmental
impacts estimated for the alternatives. evaluated in this - -
supplement fall within the range of impacts estimated in
the NRC staff's original Programmatic Env1ronmental Impact
Statement (NRGC 1981) on the cleanup. :

Implemention of the llcensee s proposal (delayed decommis- .
sioning) would result in substantlal occupational -dose
savings and reduced transportation impacts over several of
the alternatives considered. :

The licensee's proposal for completing the cleanup by post- . .
defueling monitored storage of .the TMI-2 facility followed by
decommissioning is environmentally acceptable and will not.
significantly affect the quality of the human environment.
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7.0 DISCUSSION OF COMMENTS ON THE DRAFT SUPPLEMENT

Pursuant to 10 CFR 51 (CFR 1988a), the Programmatic Environmental
Impact Statement Related to the Decontamination and Disposal of
Radicactive Wastes as a Result of the March 28, 1979 Accident at Three
Mile Island Nuclear Station, Unit 2 (PEIS), Draft Supplement 3, was
transmitted in April 1988, with a request for comments to the Federal
and State government agencies noted in the Foreword. 1In addition, a
notice requesting comments from interested members of the public was
published on April 27, 1988 (53 FR 15160). The comment letters.
received by the staff, portions of the transcripts of public meetings
held on May 26, 1988, July 14, 1988, and September 7, 1988, by the
Commission's Advisory Panel for the Decontamination of TMI-2, and the
transcript of a U.S. Nuclear Regulatory Commission (NRC) periodic
briefing by the TMI-2 Advisory Panel on October 25, 1988, are repro-
duced in Appendix A of this final supplement. ‘

The NRC staff's response to these comments and consideration of
the issues involved are shown in this supplement in two forms: by
revisions in the text as found in the draft supplement (all revisions,
whether or not they were in response to comments, are designated by
vertical lines beside the text) and by responses to comments as given
in Sections 7.1 through 7.11. Comments and questions that were
clearly outside the scope of the supplement (such as those concerning
the origin of certain regulations or the ability of the licensee to
~maintain the facility in storage or to complete cleanup) were noted by
the staff but are not addressed in the final supplement. Comments
that were addressed in the text of the draft or final version of the
supplement are not otherwise addressed in this section. .

The ordering of Sections 7.1 through 7.11 corresponds generally
to the ordering of the subject material in the text of the supplement
(purpose and scope, facility status, description of alternatives,
occupational dose, waste management, commitment of resources, regula-
tory requirements, existing environment, environmental impacts, and
decommissioning). In this section, similar comments and questions
concerning these issues are grouped together for ease of reference.

In parentheses to the right of each topic heading in this section
is a series of numbers that correlate the topic with public comments
received 'in letters or at public meetings. (The text of the letters
and the transcripts of the public meetings are found in Appendix A.)
The parentheses contain, first, the number keyed to the relevant
letters -or public meeting transcripts, followed by a dash, and then
the page number within the letter or transcript. As explained in
Appendix A, the pages of each letter and transcript have been numbered
by the staff for ease of reference. In some cases the numbers do not
correspond to the numbering system used by the author of the letter.
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| 7.1 PURPOSE AND SCOPE OF THE SUPPLEMENT AND THE REGULATORY PROCESS

| 7.1.1 Public Intervention (2-4, 3-17)

One commenter asked whether the public will be entitled to inter-
vene if GPU implements "long-term monitored storage of the facility.”

| Response:

Members of the public are entitled to request a hearing on R
any amendment to the operating license of .any nuclear power
plant. An amendment to the TMI-2 license must be issued

before the licensee can implement post-defueling monitored -
storage (PDMS). The Commission (usually through an Atomic

Safety and Licensing Board) may grant a hearing at the

request of any person or group whose interest may be

affected by Commission action on the licensee's proposal

provided they meet other requirements of the Commission's
regulations regarding intervention. )

| 7.1.2 Completion of the Cleanup Program (10-3, 10-14, 10-16, 10-17) °

The licensee stated that they consider the "cleanup program" to
include those actions necessary to recover from the accident and place
the plant in a safe and stable condition that poses no risk to the
public health and safety. They also have indicated that this program
will be completed before PDMS. Such additional activities as the
decontamination of the reactor coolant system and cleanup of the
reactor building, especially the basement and inside the D-rings, are
not necessary to ensure the public health and safety and will be
performed during decommissioning of the plant. Thus, the scope of the
GPU Nuclear proposal was limited to placing the TMI-2 facility in
PDMS. According. to the licensee, additional cleanup prior to storage
and the final disposition of the plant has not been studied or
proposed.

| Response:

The final supplement has been revised to more accurately
reflect the licensee's proposal, as understood by the NRC
staff. However, the NRC staff does not consider that the
cleanup as defined in the PEIS will be complete before PDMS.
As defined in the PEIS (and discussed in Section 1.0 and
Section 2.1 of Draft and Final Supplement 3), the completion
of cleanup will be achieved when four fundamental activities
have been completed: (1) building and equipment decontami-
nation to a 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 of radioactive wastes and
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shipment of the wastes to an offsite disposal facility.
Although considerable progress has been made on the cleanup,
the licensee did not propose that these tasks be completed
by the time the TMI-2 facility is placed in PDMS.

However, extensive cleanup has been accomplished, as dis-
cussed in Section 2.1 of Draft and Final Supplement 3. The
activities that the licensee will accomplish before PDMS
would be adequate to ensure public health and safety. Fur-
thermore, there are no regulatory requirements that would
prevent the licensee from beginning the decommissioning
process following the current defueling effort, as discussed
in Section 3.5.7 of this final supplement.

7.1.3 Criteria for the Completion of Cleanup (24-4, 3-1)

Two commenters asked what the specific criteria are for the ter-
mination of cleanup. One of the commenters felt that since core
inventories can only be estimated, it is necessary to define the
action set points as a process derivative.

Response:

As indicated in Sections 1.0 and 2.1 of both Draft and Final
Supplement 3, the cleanup plan evaluated in the PEIS called
for four fundamental activities: building and equipment
decontamination; fuel removal and decontamination of the
reactor coolant system; treatment of radiocactive liquids;
and packaging, handling, shipment, and disposal of radio-
active wastes. The PEIS indicated that the general area
radiation dose rates at the completion of the cleanup would
approach 10 mrem/h in most areas of the reactor building and
auxiliary and fuel-handling building (AFHB). This is
typical of normally occupied areas in a undamaged reactor
facility at the end of its operating life. However, there
are no criteria regarding the amount of contamination that
may be left in a facility at the time the licensee begins
the decommissioning process. However, the criteria given in
10 CFR 20 (CFR 1988a) are applicable to the offsite dose and
occupational exposure associated with decommissioning
processes. '

7.1.4 Cleanup Endpoint - Auxiliary and Fuel-Handling Building (2-3)

One commenter asked what dose levels would be expected for the
AFHB at the end of its life.
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| Response:

The general area dose levels in the AFHB are less than

2.5 mR/h in many areas, although they are 15 mR/h or more in
some of the cubicles that contain contaminated equipment
(GPU 1988). This is similar to dose levels that would be
found in AFHBs at a facility that has not experienced a
-51gn1flcant accident after 40 years of plant operation.

7.1.5 Reliance on Data Supplled by GPU (2-1, 3-13;.§j1, 12;1;‘18-40,
19-1) T

Several commenters 1ndlcated that there appeared to be a great
reliance on data supplied by GPU. These commenters felt that this
casts some doubt on the results given in the supplement, because of
the lack of independence as well as the‘"slopplness" of the- licensee's
data.

[ Response:

The NRC staff maintains an ongoing presence at the TMI site
and routinely reviews and audits the data obtained from the
licensee's measurements of conditions in the TMI-2 facility.
In cases where it is deemed important, the NRC or one of its
contractors will make confirmatory measurements of the
licensee's results.

Information used in this supplement .was not obtalned solely
from data supplied by GPU. Other sources of 1nformat10n are ..
given in Section 8.0. The licensee, however, does operate
and manage the TMI-2 facility and as such does obtain the
bulk of the measurements characterizing the facility.

| 7.1.6 Inadequacy of Data (2-3, 14-1, 18-40, 18-42, 19-1, 19-2)

One commenter felt that the data used in Draft Supplement 3 were
inadequate and that further scrutiny of the quantity and location of
all radionuclides is of vital importance. A second commenter also
expressed this concern and specifically addressed the fuel debris to
be left within the reactor vessel, the area under the reactor vessel
including the water in the sump below the reactor wvessel, and the
reactor coolant system, A third commenter inquired why new calcu-
lations concerning the number and quantity of remaining radionuclides:
were not made.

| Response:

The data used in Draft and Final Supplement 3 are con-
tinually being updated as more current measurements are
made. Refining the measurement techniques used in the TMI-2
facility and making new measurements to determine the

7.4



quantity and location of the radionuclides in the facility
are important tasks that are being performed regularly.
However, because of the complications involved in measuring
the large amount of radioactive material in the facility and
because of the facility's complicated structure, it is not
possible to know the exact quantity and location of every
curie of radioactive material. Thus, for the calculations
that were made for this supplement, the NRC staff used data
that it felt would bound the impact of the alternatives
evaluated. That is, the NRC staff is confident that the
impact resulting from implementation of any of the alterna-
tives evaluated would be smaller than the impact calculated

. in this supplement. Further characterization of the TMI-2
facility, especially the reactor vessel and reactor coolant
system, will occur before the facility is placed in storage.
If the results are not within the range assumed in this
supplement, the staff will reevaluate the consequences of
the revised levels of contamination and determine whether or
not these consequences are acceptable. If the staff finds
that the consequences are environmentally unacceptable, then
additional decontamination, shielding or isolation will be
required.

7.1.7 Engineering Design and Operation Details (13-1, 24-4, 24-6)

Several commenters stated that engineering details of the PDMS
design and operation are missing and that many assumptions are made in
Draft Supplement 3. One commenter gave as examples details regarding
containment entries (the basis for the assumption of once-a-month
entries), design and operations of ventilation systems, filters and
their efficiencies, other containment penetration systems, water
accumulation/condensation inside containment, and the basis for out-
leakage. One commenter indicated that although they understood that
the calculated numbers are to serve as targets and the actual design
will have to be fitted into the information in the supplement, more
detailed information on operations, plans, and design would improve
confidence by minimizing future surprises.

‘Response:

The purpose of the PEIS and its supplements is to determine
the envirommental impact of a given action. This is '
frequently done before much of the design information is
available. According to Section 1502.5 of the Regulations
for Implementing the Procedural Provisions of the National
Environmental Policy Act (NEPA) in 40 CFR 1500 (CFR 1988b),
"An agency shall commence preparation of an environmental
impact statement as close as possible to the time the agency
is developing or is presented with a proposal so that the
preparation can be completed in time for the final statement
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to be included in any recommendation or report on the proposal.
The statement shall be prepared early enough so that it can serve
practically as an important contribution to the decision making

process. . . .For applications to the agency, appropriate
environmental assessments or statements shall be commenced no
later than immediately after the application is received." If

design or operation information is not available, worst-case
assumptions are made based on the information that is available.
This allows the environmental impact statement to bound the
environmental impacts (that is, the actual environmental impacts
from implementation of any alternative would be less than those
assumed in the impact statement). The information in the
supplement can be updated if necessary when new information is
available. " The new information obtained from the licensee's
safety analysis review has been incorporated in thls final
supplement.

| 7.2 FACILITY STATUS

, .
| 7.2.1 Radionuclide Inventory (1-2, 2-3, 3-10, 3-16, 18-41, 19-1)

Two commenters requested a complete accounting of where all the
radionuclides have gone since the accident. One of the commenters
wished to know the basis for the information in Table 2.4, which gives
an estimate of the maximum amount of radionuclides and their location,
and requested that references be provided so.that the public might
evaluate the amount of radionuclides removed during cleanup and
defueling.

| Response:

Because of the nature of the accident and the method by
which the material has been removed from the reactor and
shipped offsite, the staff cannot provide a complete
accounting of every radionuclide since the time of the
accident.

Section 2.2 of Draft and Final Supplement 3 explains the
methods used to obtain the estimates given in Table 2.4.

7.2.2 Uncertainties in Radionuclide Dispersion and Distribution (1-2,
©1-5, 3-9) : '

One commenter inquired on what information Table 2.4 was based,
in light of the uncertainties of radionuclide dispersion and deposi-
tion following the accident, and indicated that one of their major
concerns with PDMS was based on. the uncertainties about the amount of
radioactivity in bu11d1ngs pipes, and other components.
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Response:

Because verified models are not available for accurately
analyzing the transport and deposition of the fragmentation
debris or the leaching of soluble materials from the damaged
core, a set of assumptions was made regarding the dispersion
and deposition of radionuclides in the TMI-2 facility.

These assumptions were based on information available from
fuel measurements and contamination measurements throughout
the reactor building, as well as on the chemical and physi-
cal state of the radionuclides. All assumptions were chosen
to ensure that the amount of activity estimated to be in any
location either meets or exceeds the amount actually meas-
ured in that location. The assumptions are stated in
Section 2.2 of Draft and Final Supplement 3.

7.2.3 Manganese-54 Source Term (18-41, 19-2)

One commenter inquired whether more than 12 curies of manganese-'
54 (with a half-life of 312 days) would be present at the end of
10 years.

Response:

As Table 2.3 of Draft Supplement 3 indicates, approximately

" 26,000 curies of manganese-54 were calculated to be present
in the TMI-2 facility immediately following the March 28,
1979, accident. With a half-life of 312 days, fewer than
12 curies would remain by January 1, 1989, just less than
10 years after the accident. Table 2.3 of Final Supple-
ment 3 indicates that fewer than 5 curies would be present
on January 1, 1990.

7.2.4 Containment Building (2-3, 3-16)

One commenter responded to the following statement in Sec-
tion 2.1.1 of Draft Supplement 3: "The reactor containment building
is uniquely designed and constructed to maintain its structural
integrity (with almost no leakage) during a wide variety of acci-
dents." This commenter asked how long after an accident the reactor
containment building was designed to maintain its structural integ-
rity, whether it was specifically designed to house radioactive waste
materials for an indefinite period of time, and if not, whether such
storage of wastes would necessitate a license amendment.

Response:
The reactor containment building was designed to maintain
its integrity during a peak accident pressure of 60 pounds

per square inch gauge (psig) allowing only 0.2 percent
leakage during the first 24 hours following the accident and
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0.1 percent leakage per day thereafter. However, the acci-
dent that occurred at TMI-2 was not .an accident of this pro-
portion, since a peak accident pressure of only 28 psig was
reached. ' The reactor containment building was designed to
maintain its overpressure protection for a period of at
least 40 years, whether or not a design-basis accident
occurs. The present purpose of the TMI-2 containment is not
to maintain its integrity during a peal accident overpres-
surization event but.-rather to simply provide isolation ‘and"
an environmental barrier at ambient pressure levels:

The reactor building was not designed specifically to- house
radioactive waste for'an indefinite period of ‘time. The current
NRC regulations do not allow for an indefinite storage of waste
in the fac111ty

| 7.2.5 Containment Damage (1-5)

One commenter asked if the condltlon of the containment and the’
damage caused to it by the acc1dent would be ‘known by the tlme of -
PDMS.

l Response:

There has been no evidence of’ any damage to the containment
building that would result in any compromise of its ability
to contain radiation during PDMS. Worker access is
available above the 305-foot elevation, and no signs of
containment degradation there have been observed. Video
examination below the 305-foot elevation (the reactor
building basement) has not disclosed any damage to the
containment building.

| 7.2.6 Contamination Movement (2é3)

One commenter asked if it'is p0331b1e for radiation levels to
shift or relocate from one section of the plant to another; thus,
sections of the facility that are currently designated to have’certain_
radiation levels may actually be inconsistent with GPU's endpoint
criteria.

_| Response:
The following methods will result in the shifting or reloca-
tion of radioactive contamination and, therefore, radiation

exposure levels, from one section‘of the plant to another:..

(1) movement of radioactive material by personnel either
advertently or inadvertently,
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(2) movement of radioactive material by animals including
insects, or

(3) movement of radioactive materials by water or air transport.

The licensee makes measurements at least monthly of the radiation
levels present in the TMI-2 facility. These measurements are used to
determine the decontamination progress that has been made to date and
can be used to identify any relocation of radiation levels from one
section of the plant to another. These measurements are also used to
ascertain whether the endpoint criteria have been met.

7.2.7 Resuspension of Activity from Concrete-Block Walls (1-5)

One commenter inquired on what findings and/or studies NRC bases
its assumption that the activity in the top 1/2 inch of the wall
becomes available for resuspension. The commenter also asked what
allowances are made for the fact that the walls might crumble due to
stress from age and cleanup activities already undertaken.

Response:

Section 3.2.2.1 of Draft Supplement 3 and Section 3.1.2.1 of
Final Supplement 3 contain the assumption that the activity
in the first 1/2 inch (1.3 centimeters) of the concrete
block becomes available for resuspension after the structure
has dried for a period of time. This assumption is based on
a study by Arora and Dayal (1986), as referenced in Sec-
tion 2. Their study indicated that for cesium in cement,
the cesium leach rates were greater when the wet periods
were interspersed with dry periods than when the cement form
was continuously saturated. The observed enhancement in
cesium release with increasing length of dry periods is
believed to be a result of the replenishment of the surface
with cesium migrating from the subsurface zones during dry
periods. This phenomenon was bounded in this supplement by
assuming that up to one-eighth of the radioactive material
in the concrete-block wall would migrate to the surface and
be available for suspension into the atmosphere. ' This
number (one-eighth of the total amount) is at least several
times greater than the amount of radioactive material that
is expected to be available for resuspension from the
concrete-block wall.

The cleanup activities that have occurred or are being proposed
for the period before PDMS are relatively nondestructive. The
environment to which the walls of the containment have been
exposed since the accident would not cause significant degrada-
tion of the concrete. Therefore, the NRC staff did not consider
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the crumbling of walls due to stress from age or cleanup activi-
ties a credible occurrence for the perlods of tlme con51dered in
this supplement. S ; :

| 7.2.8 Leaching of the Concrete-Block Wall (2-4)

One commenter inquired about thefollowing statement in Sec-
tion 2.2.2.3 of Draft Supplement 3: " "The efforts that are being made-
to leach radioactivity from the éoncrete-block wall may reduce this"
inventory somewhat." The commenter asked how much “"somewhat" was,

- what levels of leaching would be acceptable and/or desired by the NRC,
and if the staff was aware that GPU had made incorrect projections in
this area. The commenter quoted 'a report. (Task Force Report: Reactor
Building Basement Decontamination, p. 9) that stated, "They predict
about 6 to 8 years of leaching will be required to reduce the block"
wall activity to 10% of the present value. This may be compared to an
earlier prediction made by Dr. Godbee of about two years. ‘

| Response:

The magnitude of the reduction in radioactivity in the
concrete-block wall as a result of future leaching opera-
tions was unknown at the time that Draft Supplement 3 was
written. The NRC staff is aware that a wide range of pro-
jections has been made regarding the degree to which leach-
ing operations will remove the activity. For this reason,
in analyzing the offsite dose resulting from immediate or
delayed cleanup of the concrete-block wall for Draft — -
Supplement 3, the staff conservatively assumed that no
reduction in the amount of radioactivity would occur during
leaching activities. The statement quoted from Sec-

tion 2.2.2.3 of Draft Supplement 3, was written to indicate
that for the purposes of analyzing the dose to the popula-
tion, the amount of activity that was assumed to be present
in the concrete-block wall was greater than the amount that
would be expected to be present following leaching '
operations.

Section 2.1.1 of Final Supplement 3. indicates that during 1988 an
attempt was made to leach activity from the concrete-block wall
of the enclosed stairway and elevator structure, resulting in the =

the area treated, an amount that represents a removal of 7 per-
cent of the total inventory of the structure. The offsite dose
analysis presented in Section 3.0 of the final supplement
accounted for the reduction in the amount of radioactivity in the
enclosed stairway/elevator structure as’'a result of the leaching
operations.
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7.2.9 Basement Cleanup Process (1-5)

One commenter asked when radiation doses in the basement are
expected to be low enough to permit entry for complete cleanup. The
commenter further asked if radiatign dose levels, which are currently
too high to permit entry, did not rule out the possibility of imme-
diate cleanup as an alternative. ’

Response:

Without further removal of contamination by remotely oper-
ated equipment, entrance into the basement on a routine
basis is not likely for some time. Entry into the basement
would most likely not be considered in areas where the dose
rate remained much above 1 R/h, although even at levels
higher than 1 R/h radiation levels, a worker could be
allowed to work for a short time. High dose rates, however,
do not preclude the possibility of cleaning the basement, or
the possibility of the immediate cleanup alternative. Dose
reduction efforts have already been made in the reactor
building basement, including scabbling the walls using
robots and leaching radioactivity from the concrete-block
wall, as described in Section 2.1.1 of Draft and Final
Supplement 3.

A more complete study and description of possible options for
reducing occupational dose in the basement and possible
approaches and work sequences for basement cleanup are given in
Munson and Harty (1985).

7.2.10 Reactor Coolant System Decontamination (10-13)

The licensee indicated that the extent of reactor coolant system
decontamination activity is limited to fuel removal and draining the
reactor coolant system to the extent practical.

Response:

Reactor coolant system decontamination activity expected to
be completed by the end of defueling will be limited to fuel
removal (to the extent possible) and the draining of the
reactor coolant system. However, before the cleanup is
complete (as defined in the PEIS and discussed in Sec-

tions 1.0 and 2.1 of Final Supplement 3), additional decon-
tamination of the reactor coolant system will be necessary.
The additional decontamination of the reactor coolant system
will occur during immediate cleanup following the completion
of the current defueling process, during cleanup following
PDMS, or during the decommissioning period.
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| 7.2.11 Sectioning and Disposal of Reactor Internals (2-3, 3-16)

One commenter asked about the meaning of the following sentence
in Section 2.1.1 of Draft Supplement 3, "Sectioning and disposal of
the reactor internals and reactor vessel are not considered part of
the cleanup because radiation levels expected from these components
would be no hlgher than in a normal reactor nearing.the end of its
‘life." The commenter asked what "sectioning and posltlonlng of the
'reactor internals" were a part of and wondered what would happen if
radiation levels were incorrect. Thé commenter further asked what
constituted a normal reactor and what radiation levels would be
expected in a "normal reactor at the end of its llfe.

| Response:

Sectioning and disposal (not positioning) of the reactor
internals and reactor vessel are considered part of the
decommissioning (or recomm1551on1ng) process because this
activity would also occur during decommissioning of a
.reactor facility that has not undergone a 51gn1f1cant
accident. In other words, this is not an action that is
necessary in order to clean up the TMI-2 facility as a
result of the accident.

Even if radiation levels in the reactor internals and
reactor vessel are found to be higher than expected during
sectioning and disposal operations, little or no impact is
anticipated because additional shielding or distance could
be used to reduce occupational dose.  However, because of
the short length of time the TMI-2 reactor operated (less
than 14 ‘months), the quantity of the activetion products in
the reactor internals and in the reactor vessel is less than
the quantity in a reactor that has operated more than

14 months and much less than the quantity that would be
present in a reactor that had operated for 40 years. It is
not likely that this assumption is incorrect. Measurements
taken on the lower grid rib section and plenum conflrm that
radiation levels are no greater than expected on reactor
internal components.

The term "normal reactor" as used in the draft supplement
referred to a reactor that had not undergone a 51gn1f1cant
accident. This term has been rewritten in this final
'supplement to better reflect this deflnltlon

The levels of radiation emitted from the reactor internals and
reactor vessel will vary among facilities, depending on the
material used to construct the vessel and internals, the oper-
ating history, and the operating power. The statement in
question was used as a qualitative statement to explain why some
activities were considered to be part of the decommissioning or
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recommissioning process rather than part of the cleanup. The
staff would not expect to compare the absolute radiation levels
in the reactor internals and reactor vessel of the TMI-2 reactor
with the levels in operating reactor facilities at the end of
their operational life. '

7.2.12 Interim PDMS Isolation Criteria (26-15)

One commenter cited a plant status report for the period of
July 9 to August 6, 1988, that stated, "One plant area has been
isolated and placed in interim post-defueling monitored storage
status. Seven other plant areas are in the process of being verified
to meet the interim PDMS isolation criteria." The commenter asked
what the interim PDMS criteria are and which seven areas were referred
to. In addition, the commenter requested a definition of interim and
isolation.

Response:

The "interim PDMS criteria" are criteria or goals set by the
licensee for the radiological conditions that will exist in
a given area at the time the facility will be put in PDMS.
These goals are listed in Table 3.1 of Draft Supplement 3
and Table 3.2 of Final Supplement 3.

The seven areas referred to in the plant status report are:

(1) seal return cooler/filter room,
(2) 2-1E 4160 switchgear room,

(3) 2-2E 4160 switchgear room,

(4) motor control center 2-11EA,
{5) motor control center 2-21EA,
(6) elevator equipment room, and
(7) north stairwell.

These areas,of the AFHB have been decontaminated to levels
that are near the licensee's goals. At the time of the
plant status report, the licensee was in the process of
vefifying that these areas did meet the interim PDMS
criteria, at which point the areas would be isolated
(separated by denying access or by posting signs indicating
no access) from areas that have not been decontaminated
fully to prevent recontamination of the cleaned area.

7.2.13 Accidents Relating to the Auxiliary and Fuel-Handling Building
(2-3) '

One commenter asked what unique problems will be posed by the
AFHB since it "was not designed to be leak free. . ." during a ". . .
variety of accidents," how much and just exactly what leaks from the
AFHB. :
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Response:

Because the dose levels expected to be present in most
sections of the AFHB at the end of the current defueling
period are expected to be in the range of those found in
AFHBs of operating reactors, and areas with higher levels of
contamination are expected to be sealed, no unique problems
would be posed by the TMI-2 AFHB.

It is possible that small amounts of contamination may become
suspended in the AFHB atmosphere. During the periods between
active ventilation of the AFHB, the air in the AFHB will pas-
sively equalize with outside air through the station vent. In
addition, the air in the Unit-2 fuel-handling building is in
direct communication with the air in the Unit-1 fuel-handling
building. Thus, any airborne contamination in the Unit-2 fuel-
handling building would move into Unit 1 and out the Unit-1
station vent.

| 7.2.14 Continued Use of Accident-Generated Water (1-5)

One commenter inquired what would preclude the use of the
accident-generated water to clean the reactor coolant system.

Response:

No action other than disposal of the accident-generated
water would preclude its use during the decontamination of
the reactor coolant system. For the evaluation in Draft and
Final Supplement 3, it was assumed that the accident-
generated water would be processed and removed from the
reactor building before and from the AFHB before or shortly
after the initiation of PDMS.

| 7.2.15 Precautions Taken to Ensure a Criticality Event Does Not Occur
(1-6, 24-4) ' '

One commenter referred to page 3.19, footnote (a) of Draft Sup-
plement 3 and asked what precautions would be taken to ensure that
criticality would not occur. A second commeriter stated that assur-
ances should be given that there is no chance that the small amount of
fuel left could form a critical mass.

l Response:

Various methods are available to ensure that a criticality
event will not occur during either PDMS or further cleanup.
These include ensuring that the small quantity of fuel
debris remaining after the current defueling efforts will
not be available in large enough quantities to create any
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possibility of a criticality event. The licensee is using
state-of-the-art equipment to survey and quantify the fuel
remaining in the various locations throughout the facility.
The licensee will provide a criticality analysis that will
address each separate quantity of residual fuel in each
defined location. The criticality analysis will estimate
the quantity of fuel remaining, its location, its dispersion
within the location, its physical form (i.e., as film, fine
fragments, or intact fuel pellets), its mobility, the pres-
ence of any moderating or reflecting material, and its
potential for a criticality event. 1In this submittal, the
licensee must demonstrate that the cleanup has progressed
far enough that an inadvertent criticality event is pre-
cluded. The criticality analysis will be submitted to and
reviewed by the NRC staff.

7.2.16 Permanent Dose Reduction Techniques (2-3)

In response to a statement made in Section 2.1.1 (page 2.4) of
Draft Supplement 3, the commenter asked how permanent are "permanent
dose reduction techniques."”

Response:

The phrase "permanent dose reduction techniques" refers to
methods that permanently remove the source of radiation from
an area. Once the contamination has been removed, only
recontamination of the same area would result in the area
being contaminated. The phrase "permanent dose reduction
techniques" is used to distinguish the removal of the source
of radiation from another temporary dose reduction tech-
nique, that is, of shielding the radiation source by placing
structures on or around it to attenuate the dose rate.

7.3 ALTERNATIVES

7.3.1 Post-Defueling Monitored Storage

7.3.1.1 Rationale for PDMS Proposal (1-5, 3-21, 3-22)

Several commenters asked for an explanation of the rationale for,
delaying cleanup and why there was a change in the timetable.

Response:

In its role as a regulatory agency, the NRC is evaluating
the licensee's (GPU Nuclear's) proposal to place the TMI-2
facility in PDMS. The licensee's Technical Plan (GPU 1987b)
states: ‘
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A monitored storage period following completion of the
current cleanup program is beneficial for several
reasons.

Occupational dose in the plant will be reduced during
monitored storage due to the natural decay of radio-
active contamination. Over an extended period, levels
for the dominant isotopes (Strontium-90, Cesium-137) -
could be reduced by as much as a factor of 2 (a factor
of two-thirds for a 20-year storage period). The o
‘occupational dose in radiation zones would be reduced
proportionately.

The monitored storage period allows time for continued
development of decontamination technology’ so that the
most effective and efficient techniques may be applied..
Further reduction in occupational exposures would be
achieved through use of advanced robotic technology,
automatic cleaning-and chemical cleaning techniques, =
and advanced waste treatment methods.

This monitored storage period also allows for resolu-
tion of the current limitation on national waste dispo-
sal capabilities so that selection of processes may be
less dependent on waste volume production. The result
" may be further reductions in occupational dose required
to accomplish specific tasks. - ' '

In addition, in comment letter number 10, the licensee
states: o o ' ‘

.PDMS assures a continued safe and stable TMI-2
plant condition until the time of decommissioning of
.TMI-1, at which time both units could be decommissioned
simultaneously. Two clear advantages result:

1. The possibility of decommissioning activities at TMI-2
- affecting operations at TMI-1 is eliminated.

2. By performing a common function for both facilities,
the work force can be utilized more efficiently.

_ . .

7.3.1.2 Comparison of Rationale for PDMS Proposal with Rationale
for Disposal of Accident-Generated Water (3-14, 3-18,
13-1, 13-2)

Several commenters inquired about the benefits of storage for a
period of only 20 years, especially in relation to the discrepancy
between the position of the NRC staff on disposing of wastes,
including the accident-generated water, and their position on the
licensee's proposal for PDMS. One commenter asked why anticipated
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advances in decontamination technology were expected to occur in
20 years, while advances in the removal of tritium from water were not
expected.

Response:

The NRC staff does conclude in Final Supplement 2 that
storage of the water on the TMI-2 site for an indefinite
period of time is inappropriate, while in Draft Supple-

ment 3, it concludes that the storage of the TMI-2 facility
is environmentally acceptable. In the case of the accident-
generated water, the water contains such low levels of
radioactive contamination that whether it is evaporated, put
in the river, or stored on the island, the envirommental
impact is not significant. 1In addition, there does not
appear to be any reasonable promise of advanced technology
within the next 20 years that would allow for the removal of
the tritium from the accident-generated water. On the other
hand, although the environmental impacts of storage or
immediate cleanup are also insignificant, the occupational
dose savings would be considerable even over a 23-year
storage period (see Section 5.2). 1In addition, the possi-
bility of advanced robotic technology, decommissioning
technology, and waste technology appears very promising on
the basis of advances that have been made in these areas
during the last decade.

7.3.1.3 Beginning of PDMS (24-4)

One commenter requested further information about where and when
Mode 3 ends and PDMS begins. The commenter was specifically
interested in the administrative and technical interfaces and bound-
aries, along with the appropriate rationale.

Response:

An amendment to the TMI-2 license is required to implement
PDMS. The licensee has requested the amendment to their
license in their August 16, 1988 submittal to the NRC. This
supplement to the PEIS is part of the staff's review of the
licensee's proposal. The staff is also reviewing the
licensee’s safety analysis report (GPU 1988), which was
submitted in support of the license amendment. Assuming
that PDMS is found acceptable by the NRC staff, a license
amendment would be issued. This amendment would have terms
and conditions that would define the beginning of PDMS.

7.3.1.4 Duration of Storage (1-1, 3-9, 3-17, 13-1, 19-4, 24-4)

Several commenters indicated that the licensee did not designate
a time period for PDMS. The commenters inquired why the NRC chose a
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20-year storage period for evaluation in Draft Supplement 3. Other
commenters indicated that it was important that a specific date be
chosen and regulatory guidelines put in place to ensure that this date
is met. One commenter stated that in January 1986, GPU had committed °
to the NRC Commissioners that under no circumstances would the PDMS
period run beyond the time when TMI-1 decommissioning begins. This
commenter requested that there be a license condition to ensure that
this would be the case.

Response:

Because no. information was provided by the licensee as to
the length of the storage period, a storage period of °

20 years was assumed in Draft Supplement 3 because this
period of time approximately coincides with the end of =
TMI-2's operating license in the year 2009. However, since
the writing of the draft supplement, the licensee has indi-
cated to the NRC and to the TMI-2 Advisory Panel (July 14,
1988) that the storage period would likely continue to the
end of the Unit-1 operating license. The NRC staff has
assumed for this evaluation that the likely expiration date
for the Unit-1 license is 2014.  Thus, assuming PDMS starts
in 1991, and the Unit-1 license expires in 2014, the storage
period would have a 23-year duration from the start of PDMS.

The decommissioning rule requires that a licensee take
certain steps to begin the decommissioning process before
the expiration date of the license (see Section 2.3.4). The
TMI-2 license expires in 2009. Therefore, the licensee
would be required to amend their current license to defer

the beginning of decommissioning if PDMS extends past 2009.
The existing rules preclude the need for a 1icense condition
for TMI-2.

7.3.1.5 Comparison with Conclusions of NUREG 0683, Draf
Supplement 1 (18-42, 19- 3) :

In NUREG-0683, Draft Supplement 1 (NRC 1983) the staff considered
methods to reduce worker dose at TMI-2. One of the alternatives con-
sidered was that of defueling the reactor, placing the containment
building in an interim monitored storage, and then performing final
building cleanup using robotics when appropriate technology and-
devices became available. One commenter noted that in Draft Supple-
ment 1, the NRC indicated certain obstacles to this procedure, which
included (1) uncertainties about the development of robotic technol-
ogy, (2) lack of information about the feasibility and safety of
interim storage, and (3) lack of assurance that funds will be avail-
able for ultimaté cleanup. The commenter felt it appropriate that the'
NRC notify the public as to how these three obstacles have been
overcome.



Response:

(1) 1In NUREG-0683, Draft Supplement 1 and Final Supple-
ment 1, (NRC 1984), the staff stated:

Robotics is a rapidly emerging technology with the
potential for eliminating considerable occupational
radiation exposure. . . .How much time would elapse
before reliable and economical robotic devices could
perform a majority of the in-containment cleanup work
is unknown. The most optimistic projections for
robotic technology indicate that adequate robots will
be available before they would be required for building
cleanup under the current work sequence. More.realis-
tic projections indicate that a storage period of 10 to
20 years may be required before robotic cleanup would
be possible.

These projections do not seem unreasonable, although they
now appear to be somewhat conservative. Robots have been
used extensively in the basement cleanup for obtaining
radiation monitoring data as well as for video inspections,
collecting concrete cores, flushing and pumping of the
elevator shaft, high- and low-pressure flushing of walls,
and scabbling of walls. Although adaptations of the
currently used robots would do much to further cleanup at
this time, advances projected during the next 23 years will
further improve robotics and thus further simplify the
cleanup task. During the 5 te 6 years since Draft
Supplement 1 was written, enough assurances have been
provided, based on the current use of robots in the cleanup,
to indicate that robotic technology will be available and
adequate to accomplish cleanup goals. '

(2) 1In Draft Supplement 1, the staff indicated that "the
safety of the interim-care phase would require additional
study and assessment." The safety analysis report for PDHMS
(GPU 1988) as well as this document provides the results of
addltlonal study and assessment.

(3) In Draft Supplement 1, the staff also indicated that
"provisions for financing future cleanup would need to be
made." The staff still finds that this is the case. Future
additional cleanup under the licensee's proposal would not
occur until the licensee begins the decommissioning process.
The decommissioning rule requires that each licensee submit:
by July 1990 a decommissioning funding plan that describes
the licensee's plans for assuring that sufficient funds are
available to decommission the facility. 1In a letter dated
August 5, 1988, from E. Kintner, Vice President GPU Nuclear,
to the NRC it was stated that, "GPU Nuclear understands that
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the [Decommissioning] Rule applies to TMI-2 and would cover
all activities involved in the decommissioning the plant -
starting from Post-Defueling Monitored Storage (PDMS) condi-
tions. GPU Nuclear will, of course, abide by that Rule and
provide the required plan and certification for TMI-2 by
July 1990." A copy of the letter is found in Appendlx A
(comment letter 28) of this report

7.3.1. 6 Llcense Amendment (1 6 -24-5).

One commenter asked if GPU Nuclear would need an amendment to its"
_license before PDMS was entered. A second commenter asked if GPU
Nuclear would have a possession-only license -or . an operating llcense
with an amended possession-only-type technical. spec1f1cat10n '

Response:

Before the licensee can place the facility in 1ong term
storage, an amendment to TMI's operating license would be
required to ensure that the technical specifications reflect
the plant conditions expected during the storageé period.
This information is given in Section 2.3.3 of this final .
supplement. At the present -time, the staff has not made a
determination as to the applicability of a possession-only
license for TMI-2 similar to other possession-only llcenses
that have been issued in the past

7.3.1.7 Comparison of L1censee S- Pro osal with Undama ed
Reactors (2-3, 3- 16) : oo . :

One commenter noted that in Section 2.1 of Draft Supplement 3 the
staff stated, "The primary difference between an undamaged reactor at
the end of its useful life and the licensee's PDMS proposal is that
during PDMS relatively high levels of contamination would remain in
the reactor building basement and a small amount of residual fuel
would remain in the reactor coolant system [during] storage." The
 commenter asked from what factual data these conclusions were derived,
and how many undamaged reactors at the end of their "useful" lives the
NRC has dealt with. In addition, the commenter wished to know if
_ technical experts from these plants were consulted and if their-input
was a matter of public record, whether other differences existed
"between these plants and GPU's PDMS plan, whether embrlttlement was a
factor at these plants, and what the staffing levels were.

Response:

The statement cited in the above question was meant as a
comparative statement rather than a quantitative statement.
The comparison between an undamaged reactor at the end of
its useful life and the licensee's PDMS proposal for the
TMI-2 reactor was made to show that, unlike TMI-2, undamaged
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reactors have not had large quantities of radioactive water
dumped into their basements and have not had fuel debris
dispersed through their reactor coolant system. No compari-
son of the potential for embrittlement or of staffing levels
was implied.

The NRC staff has had considerable experience with reactors
that have not had a significant accident before the end of
their useful lives. Examples include Humboldt Bay, Dresden
Unit 1, Indian Point Unit 1, Peach Bottom Unit 1, Path-
finder, Vallecitos boiling water reactor, Fermi Unit 1,
LaCrosse, Shippingport, Elk River, and the Carolina-Virginia
tube reactor. These reactors have involved a variety of
designs, operating histories, and power levels.

7.3.1.8 Containment Heat Loading (24-6) l

One commenter inquired about the validity of the assumptions in
the draft supplement based on the potential heat loading and lack of
ventilation inside the containment building: for instance, assump-
tions regarding concentrations, desorption, resuspension, and
releases, including correlations made with current data.

Response:

Ventilation in the reactor building is currently required
because of the presence of workers in the reactor building.
During decontamination and defueling tasks, workers tend to
stir up contamination. In. the absence of workers, the
amount of airborne contamination would be reduced.

The potential heat loading of the building was not consid-
‘ered as a factor in determining source-term information.

The large size of the containment building and the fact that
much of it is underground reduces the amount of heat buildup
incurred during the summer months. The temperature in a
similar sealed, unused containment building in the eastern
half of the State of Washington, Washington Nuclear Plant
Unit 1 (WNP-1), reached a maximum of 92°F and 90°F during
the summers of 1987 and 1988, respectively. The maximum
outdoor temperatures during the summers of 1987 and 1988
were 107°F and 105°F, respectively.

7.3.1.9 Ability to Deteét a Criticality Event (1-6)

A commenter asked how the licensee will know between entries
whether a criticality event has occurred and how workers would know
during entries whether a criticality event was occurring.

N\
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| Response:

Before PDMS begins, workers will take steps to ensure that a
criticality event is not credible (see Section 7.2.15).

Most of the fuel debris remaining in the TMI-2 facility
following the current defueling effort would be sealed in
piping or enclosed in components. Measurements will be made
by the licensee and verified by the NRC staff to ensure that
the amount of fuel debris in a given area will not be large
enough to cause a criticality event. The licensee does not
plan to maintain monitoring activities during PDMS that
‘would specifically identify a criticality event in the
containment building. Workers, however, would be able to
detect a criticality event using the radiation survey meters
that they would normally carry when in the reactor building.

{ 7.3.1.10 Dry Storage of the Plenum (2-4)

One commenter asked what advantages there were -to storing the
plenum dry.

| Response:

The main advantage to storing the plenum dry in the fuel
transfer canal and using shielding to reduce the radiation
dose to the surrounding areas is that the absence of water
will reduce the potential for accidents involving the move-
ment of water from the fuel transfer canal, which could
possibly result in movement of contamination. Sec-

tion 3.1.1.1 of the final supplement contains a discussion
of preparations for PDMS and the location of the reactor )
vessel internals: i

| 7.3.1.11 Ventilation of the Reactor Building (2-4, 3-16)

One commenter asked whether "ventilating" the reactor building
before each entry was the same as purging it.

| Response:

| Yes.

l 7.3.1.12 Determination of the Number of Entries During PDMS
(1-5) '

* One commenter asked how the number of entries would be determined
during PDMS. ' ‘
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Response:

The schedule of entries during PDMS is discussed in Sec-
tion 3.2.1.3 of Draft Supplement 3 and Section 3.1.1.3 of
Final Supplement 3. The licensee indicated in "Technical
Plan, TMI-2 Cleanup Program Post-Defueling Monitored Stor-
age" (GPU 1987b) that entries to the reactor building and
AFHB would be made for purposes of visual inspection, radia-
tion survey, and recording of plant conditions. Table 2.3
of that document (printed as Table 3.3 in Final Supple-
ment 3) lists the anticipated schedule for initial PDMS
monitoring and inspections. The number of entries will be
greatest early in PDMS. The licensee's plan calls for
monthly entries initially (12 times per year) and indicates
"that the initial frequency will decrease (e.g., quarterly)
based on an evaluation of data accumulated during the
initial period" (GPU 1987b)-:

7.3.1.13 Monitoring Equipment (14-3)

One commenter asked about whether monitoring equipment to detect
criticality and fire would be present in the facility after defueling.
In addition, the commenter recommended that air monitors be in place
to check the air during passive ventilation.

¢

Response:

Monitoring equipment to detect a criticality event will not
be present in the TMI-2 facility after defueling. Instead,
before PDMS begins, steps will be taken to ensure that a
criticality event is not credible (see response in Sec-

tion 7.2.15). Most of the fuel debris remaining in the
TMI-2 facility following the current defueling effort would
be sealed in piping or enclosed in components. Measurements
will be made by the licensee and verified by the NRC and its
contractors to ensure that the amount of fuel debris in a
given area will not be large enougb to cause a criticality
event.

Monitoring equipment to detect a fire would be present, as
indicated in Section 3.1.1.1 of the final supplement. The
high-efficiency particulate air (HEPA) filter in the passive
breather ventilation system would periodically be assayed as
discussed in Section 3.1.1.3 of the final supplement.

7.3.1.14 Monitoring Airborne Effluents (1-6)

One commenter asked what means would be used to determine the
amount of radioactivity in the reactor before this radioactivity would
be purged to the environment.
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| Response:

. The radiation monitors located in the purge exhaust and vent
stack would be used to ensure that the amount of radioactiv-
ity in the effluent was within the acceptable limits given
in the technical specifications. If the amount of radio-
activity in the effluent was above the technical specifi-
cation limits, the purge exhaust could be termlnated or
returned to the reactor building. -

I : ©7.3.1.15 Inleakage During PDMS (1- 5)

One commenter asked why the amount of water expected to leak into
the facility during PDMS (5000 gallons) was so much less than the
inleakage durlng the past 9 years. ,

\
Y

| Response:

The expected annual inleakage of 5000 gallons ‘is much less
than the amount of water that flowed into the reactor build- -
ing basemént over the last 9 years,.including the approxi- -
mately 264,000 gallons (10,000 liters) that flowed in during
the 2 years following the accident. The sources for the
water in the reactor building.basement included the primary
coolant, water from the reactor building spray system, water
used for decontamination, and river water inleakage from the
building air coolers.

According to the environmental evaluation conducted by the
licensee (Letter from F. R. Standerfer to the NRC, March 11,

- 1987. Subject: Environmental Evaluation for TMI-2 Post-
Defueling Monitored Storage, 4410-87-L-0025), inleakage of
groundwater and precipitation are anticipated to be the
major sources of liquids during PDMS. The licensee esti-
mated, on the basis of experience to date and the antici-
pated lower frequency of maintenance during PDMS, an annual
inleakage of 5000 gallons (1900 liters). Water inleakage
currently occurs in the following areas of the plant and is
collected as indicated (Letter from F. R. Standerfer to the
NRC, June 23, 1987. Subject: Post-Defueling Monitored
Storage Environmental Evaluation, 4410-87-L-0093):

(1) fire service penetration, east wall of the turbine
building at the 300-foot elevation - Drainage is ‘to the
turbine building sump, water treatment sump, or the
condensate regeneration polisher sump.
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(2) building joint, between the service building and air
intake tunnel - This area does not have sump drainage.
It is pumped periodically, as necessary, to remove
inleakage.

(3) construction joint, basement of the auxiliary build-
ing - Drainage is to the auxiliary building sump.

(4) electrical penetration, southwest corner of the control
building area at the 28l-foot elevation - Drainage is
to the control building area sump.

No inleakage is expected into the reactor building.

7.3.1.16 Classification of Cleanup Water (3-12)

One commenter asked whether the water that was-used for the
cleanup process would be considered accident-generated water if
cleanup was delayed.

Response:

The definition of accident-generated water is presented in
the nomenclature list as follows:

On February 27, 1980, an agreement executed among the City
of Lancaster, Pennsylvania, the Metropolitan Edison Company
and the NRC defined "accident-generated water" as follows:

e Water that existed in the TMI-2 auxiliary, fuel
handling, and containment buildings including the
primary system as of October 16, 197%, with the
exception of water which, as a result of decon-
tamination operations, becomes commingled with
nonaccident-generated water such that the
commingled water has a tritium content of
0.025 uCi/mL or less before processing.

® 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. '

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

The water generated during final cleanup would not meet the

first two definitions of accident-generated water. It could
meet the third definition only if the quantity of tritium in
the water was greater than 0.025 uCi/mL. This translates to
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95 curies of tritium in the entire 1 million gallons

(3.8 million liters) used during the 4 years of cleanup. A
conservative estimate that 1.9 curies of tritium will be

left in the facility at the start of storage is given in
Section 2.2.2.2 of the final supplement. Assuming a 23-year '
storage period, slightly over 0.5 curie of tritium will be
present, given no reduction in the source term other than
radioactive decay. However, "some of the tritium is expected
to exchange with water in the air during the storage period, ~
and thus would be released to.the atmosphere. The remalnlng
tritium would have been absorbed into the concrete walls and
floors. Therefore, it is highly unlikely that the. water

used during final cleanup following a storage period would
meet the definition of accldent generated water.

| 7.3.1.17 Liquid Releases Following PDMS (2-4, 3-17)

One commenter asked, "How will the iiquid releases to the
Susquehanna River following PDMS.differ in composition to the *
2.3 million gallons of radioactive water currently stored at TMI?"

| Response:

The liquid releases to the Susquehanna River following PDMS
would be recycled through ion-exchange columns as necessary
to ensure that the release rates to the Susquehanna River
are below technical specification limits. The liquid

- releases would be similar in ‘composition to the accident-
generated water after processing through ion-exchange
systems, except that the liquid releases following PDMS
would contain only trace amounts of tritium. Furthermore,
some of the isotopes with shorter half-lives would have
decayed to negligible levels.

| 7.3.1.18 Emergency Workers (1-6)
] ' R
One commenter asked, in the event of an incident at Unit 2, how
many workers would be avallable to deal with an emergency, and whether
it would be possible or likely that workers from Unit 1 would be drawn’
to Unit 2 to help deal with an emergency.

| Response:

As reported in Section 3.2.5 of Draft Supplement 3 and Sec-
tion 3.1.5 of Final Supplement 3, the level of direct
employment for the PDMS program would be about 100 to
125 workers during the transition year following the comple-
tion of current defueling activities and about 70 to 75 per-
sons_thereafter until the end of the storage period. These
workers would be available to deal with an emergency,
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although the number onsite at any one time might vary. Cur-
rently, fire, security, and medical emergency personnel are

shared with Unit 1.

7.3.2 Immediate Cleanup

Measurements (1-5)

7.3.2.1 Reactor Coolant System

Referring to a statement made in Section 3.3.1.1 of Draft Sup-
plement 3 that "the selection of methods and processes for additional
reactor coolant system decontamination is expected to depend on the

technology available, the results of

measurements being made at the

present time, and the future disposition of the facility," a commenter

asked for a further explanation of the measurements being undertaken,
what is being measured, and in what manner the results would affect |
decisions about reactor coolant system decontamination and (the future

of the facility.

Response:

The statement quoted above refers to the measurement of

radioactive material located in

the reactor coolant system.

The amount of radiocactive material, including the amount of
fuel debris, is being measured in all accessible locations

of the reactor coolant -system.

used during the decontamination
system will depend, in part, on
material present in the reactor
precise location in the system.
with little or no contamination

The methods that will be
of the reactor coolant

the amount of radioactive
coolant system and its-
For instance, those areas

will require very minor

amounts of decontamination, while decontamination efforts in
areas that contain large amounts of radioactive material

will be more extensive.

The draft supplement indicated that the selection’of methods
and processes for additional reactor coolant system decon-
tamination is expected to depend on the future disposition
of the facility and on measurements being made at the pre-
sent and in the future. The NRC staff did not intend to
imply that the results of the measurements would affect
decisions on the future of the facility.

7.3.2.2 Radiation Levels Resulting from Aggressive

Decontamination (2-4)

One commenter asked if the NRC could quantify the radiation
levels produced by "aggressive decontamination efforts" (Sec-
tion 3.2.2.1, page 3.16, of Draft Supplement 3).
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Response:
| p

The purpose of decontamination operations (including
potential aggressive decontamination operations such as
those that would probably occur in the basement during the
decontamination or removal of the concrete-block stairwell/
elevator structure) is to reduce the radiation dose rate in
the TMI-2 facility. The magnitude of ‘this redUction'depends_
on the procedures and methods used for decontamlnatlon and
therefore, cannot be quantified at this time.

The statement as used in Draft Supplement 3 refers to the-
increased release of radioactive material that may occur
during certain cleanup activities as a result of aggre551ve
decontamination efforts. Although the total amount of’
radioactive material in the facility will be reduced by
decontamination operations, there is a possibility that
aggressive decontamination operations would result in a
temporary increase in the airborne concentration of radio- -
active material in the building atmosphere and, thus, an
increase in the amount released from the facility. It is
difficult to quantify the airborne concentration that will
result following these operations. The NRC staff conserva-
tively assumed that the airborne effluents released -from the’
facility during an entire l-year period following PDMS would
be based on.a release rate two orders of magnitude

(100 times) larger than the average annual release rates for
particulates during the period of January 1, 1987 to Sep-
tember 30, 1988 (adjusted for radloactlve decay)

| 7.3.2.3 Length of CleanuD Period (26-22)

One commenter asked if it would be possible to contlnue w1th
cleanup for periods longer or shorter than 4 years.

| Response: !

The possibility of performing cleanup in a period of 3 to

4 years is addressed in Section 3.3 of both Draft and Final
Supplement 3. The impacts of a longer cleanup period are
discussed in Section 3.1.1 of the draft supplement and , _
evaluated as a 7 to 10 year cleanup period in Section 3.4 of
the final supplement. A cleanup period of less than 3 years
was not evaluated; the staff did not consider this to be a
viable option because of the amount of work necessary to
complete cleanup to the endpoint assumed in the PEIS (see
Section 2.1 of the final supplement),
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7.3.2.4 Accident Analysis (24-6)

The commenter stated that the accident analysis presented in
Section 3.3.2.2 of the draft supplement is cursory and
abbreviated. The commenter pointed out that fire is the
single source of energy for the TMI-2 plant and that to
assess the associated hazards, information such as the
combustible loading, ignition sources, design of fire
suppression systems, the standards and specifications to
which they are designed, system operations, and monitoring
and surveillance systems should be used to define a "design
basis fire," and then the analysis should be completed.

Response:

The fire protection program evaluation“)provides information on
combustible loadings, ignition sources, and fire suppression
systems. Environmental releases from a postulated fire are also
presented. In addition, the licensee's safety analysis report on
PDMS (GPU 1988) evaluates offsite dose resulting from a fire in
the reactor building during PDMS.

The accident analysis presented in Section 3.3.2.2 of Draft
Supplement 3 and in Section 3.0 of Final Supplement 3 was
performed to bound the potential environmental impacts.
During activities such as immediate cleanup (or cleanup
following PDMS or preparations for immediate decommissioning
or preparations for decommissioning after PDMS), many
factors such as the combustible loading and the ignition
sources will vary as the activity progresses. Thus, in
order to determine the' impact of a fire during this period
of time, a set of conservative assumptions was made. These
assumptions are explained in Sections 3.1.2.3, 3.2.2.3,
3.3.2.3, 3.4.2.3, and 3.5.2.3 of this final supplement.

7.3.3 Comparisons and Comments Pertaining to Both Alternatives

7.3.3.1 Comparison of Alternatives - Endpoint (3-2, 10-6, 10-7,
10-18, 18-4, 24-5)

N
Several commenters questioned the validity of comparing the
impacts of PDMS and immediate cleanup for the time span from the end
cf the current defueling effort to the completion of cleanup. Some of
the commenters felt that the comparison should be made using a common
time frame and recommended that the comparison include a 20-year

(a) Letter from F. R. Standerfer to the NRC, November 17, 1987.

Subject: TMI-2 Fire Protection Program Evaluation
(4410-87-1L-0146/0224P) .
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storage period following the 4-year.immediate cleanup period, so that
both alternatives would be evaluated for a 24-year period.

| Response:

Section 3.0 of Final Supplement 3 indicates that the alter-
natives were evaluated from completion of the current
defueling effort to an endpoint, which would be either
decommissioning the facility or initiating refurbishment.
Although it is assumed that following completion of o
immediate cleanup or immediate cleanup/reduced effort, the
facility would either be decommissioned or refurbished, the
staff also realizes that the licensee may hold the facility
in storage until Unit 1 is decommissioned. In response to
this comment, the staff additionally evaluated a period of
storage from the completion of immediate cleanup or
immediate cleanup/reduced effort until the time that Unit 1
is decommissioned (assumed to be 2014, that is, 40 years
from the issuance of the Unit-1 operating license). The
impacts associated with this storage period are found in
Sections 3.3 and 3.4 of this final supplement. The NRC
staff does not consider an analysis of a longer storage
period to be beneficial. However, the impact of a longer
storage period can be extrapolated from the information
presented in Sections 3.3 and 3.4 of the final supplement.

7.3.3.2 Estimate of Dose from Fuel Remaining After Defueling
’ (24-5) :

One commenter indicated that leaving less than 1 percent of the
fuel in the plant will not affect offsite doses appreciably. The
commenter indicated the basis for this statement was actual release
data compiled by GPU for the years 1983 to.1986, indicating that the
offsite dose rates from liquid and gaseous releases as well as air-
borne particulates and iodines have remained fairly steady, indepen-
dent of the amount of fuel in the plant. According to the commenter,
the mechanism of release appears to be adsorption and resuspension
from the basement walls where the contaminants have been absorbed.

Response:
| p

The NRC staff concurs that dose rates estimated for the time
period following defueling would be quite small and the
amount of. fuel debris in the plant does not correlate with
offsite doses. Activities related to the cleanup inside the
reactor building may contribute significantly to the resus-
pension of contamination resulting in release rates
indgpendent of the amount of fuel. .

The quarterly reports on gaseous effluents from the TMI-2
facility, however, do indicate that a small amount of alpha
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radioactivity is being released (see Table 3.5 of Final
Supplement 3). The major isotopes present in the concrete
walls in the basement are cesium-137 and strontium-90,
however, neither of these isotopes have an alpha contribu-
tion. Therefore, it is quite likely that the small quantity
of alpha radioactivity is originating from fuel-related
sources and probably from the fuel removal activities.

7.3.3.3 Fraction of Activation Products Available for Release
(10-17)

The licensee felt that the assumption made in Draft Supplement 3
for the cleanup period following PDMS (Section 3.2.2.1, page 3.16)
that 10 percent of the activation products become airborne appears
overly conservative, since this activity is interstitially bound to
the material it is contaminating.

Response:

The NRC staff acknowledges that the major portion of the
activation products in the facility is interstitially bound
to the material they are contaminating. However, the
assumption in question maintains that 10 percent of the
activation products could potentially be suspended. The
fraction assumed to be suspended was much smaller and was
based on the assumed release rates for particulates, as
explained in Section 3.2.2.1 of Draft and Final Supple-
ment 3. In addition,. it should be noted that during the
cleanup period following PDMS, the reactor coolant system
would be decontaminated and this process would result in
removing a fraction of the activation products located in
the reactor coolant system.

7.3.3.4 Breach-of-Containment Accident (24-7)

A commenter stated that a second accident that requires examina-
tion is the possibility of a crack in the concrete wall and leakage of
condensates through it.

"Response:

An accident involving a breach of the containment was not
considered likely. The reactor containment building was
designed to maintain its integrity during a wide variety of
external accidents, including tornado-generated missiles
such as a 1200-pound (540-kilograms) utility pole impacting
at 200 mph. (270 kilometers/h) or an aircraft impact of
300,000 pounds (136,000 kilograms) traveling at 200 knots.
With the removal of more than 99 percent of the fuel, there
would no longer be a source of energy inside the reactor
building that could result in a large enough pressure to
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breach the containment or release a significant amount of
radioactive material through a crack in containment. .
Furthermore, the basement of the_readtor_building'where the
majority of the remaining contamination is located is
enclosed in a welded steel liner between 0.25 inch

(0.6 centimeters) and 0.5 inch (1.3 centimeters) thick,
which would further act to contain the radioactivity in the
reactor building.

| 7.3.3.5 Potential for Reléaséé Reéulting'from;Aécidents_(2-4)

One commenter asked if there was ahy discernible difference in
the potential for accidental releases during immediate cleanup as
opposed to PDMS. o

{

) | Response:

The risk of a fire would likely be less. durlng PDMS because
little or no activity would occur in the facility during
storage and a,large number of powep circuits would have been
deactivated. However, the smaller likelihood of fire during
PDMS may be somewhat offset by the greater number of years
that the reactor would be expected to be in PDMS. in compari-
son to the immediate cleanup alternatives.

The risk of é'rupturéd HEPA filter during decontamination
activities and the risk of a sp111 of decontamination solu-
tion in the reactor building were only considered for the
immediate cleanup period and the period of cleanup following
PDMS. These accidents were not considered for the PDMS .
period, since decontamination activities will be minimal.

| 7.3.4 No-Action Alternative

| ' 7.3.4.1 Evaluation of the No-Action Alternative (10-16)

The licensee stated that the no-action alternative should be
evaluated on the basis that all preparations for PDMS have been
completed and TMI-2 has been placed in a safe, stable, and secure
condition that represents no risk to public health and safety.

| Response:

The no-action élternativg has been evaluated according to
the current interpretation of the National Environmental
Policy Act (NEPA) Regulations. In the Federal Register

(46 FR 18026), March 23, 1981, the Council on Environmental
Quality (CEQ) published the "Forty Most Asked Questions
Concerning CEQ's National Environmental Policy Act Regu-
lations." Question number 3 dealt with the no-action
alternative. The response provided by CEQ was: -
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There are two distinct interpretations of "no action"
that must be considered, depending on the nature of the
proposal being evaluated. The first situation.might
involve an action . . .where ongoing programs initiated
under existing legislation and regulations will con-
tinue, even as new plans are developed. In these
cases, "no action" is "no change" from current manage-
ment direction or level of management intensity. .
The second interpretation of "no action". . .would mea
the proposed activity would not take place, and the
resulting environmental effects from taking no action
would be compared with the effects of permitting the
proposed activity or an alternative activity to go
forward.

Using the first definition, the no-action alternative could
be seen to be similar to the immediate c¢leanup alternative,
where the "no action" is "no change" from the prior cleanup
plan. 1In this case, "no change" would involve a continu-
ation of the original plan detailed in the PEIS. For pur-
poses of completeness the staff decided to evaluate the
alternative using the second definition where the no-action
alternative would be the one in which the activity would not
take place. Since part of the activity associated with PDMS
is the preparation for PDMS, the mo-action alternative would
appropriately not evaluate the preparation activities.

7.3.4.2 Difference Between the No-Action Alternative and PDMS
(1-6, 2-4)

One commenter requested that the "subtle" differences between the
no-action alternative and the licensee's proposal be explained. The.
commenter further asked what guarantees or laws would preclude the
licensee's PDMS proposal from becoming the no-action alternative. A
second commenter concluded that the only difference between PDMS and
the no-action alternative was the preparation phase before PDMS. This

commenter asked when the PDMS plan becomes the no-action alternative
option..

Response:

Section 3.1.5 of Draft Supplement 3 indicated that the
no-action alternative would be essentially the same as that
described by the licensee's proposal except that neither |
preparations for PDMS nor subsequent actions to finish the
cleanup would occur. Final Supplement 3 indicates in
Section 3.7.2 that for the no-action alternative, following
the current defueling effort, no further efforts would be
made to complete the decontamination of the facility or to
prepare the facility for storage or decommissioning. In
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addition, no attempts would be made following defuelingfto
monitor releases from the facility or to maintain the facility.

The NRC will not allow the licensee to place the facility
into monitored storage until the necessary requirements for
long-term storage are met. The NRC regulations require- that.
the license holders at nuclear power facilities take certain
steps to ensure that the facility will ultimately be decom- ..
missioned and equipment, structures and portions of the
facility and site containing radioactive contaminants are
removed or decontaminated to levels acceptable for unre-
stricted use of the property.

The licensee's proposal would not become the no-action
alternative because preparations would be made for PDMS
(including deactivating systems and sealing fuel transfer .
tubes and systems containing residual fuel).

| 7. 4 OCCUPATIONAL DOSE

| 7.4.1 Occupatlonal Dose Estimation Method (10 4 18 3 24 6)

Two commenters .(including the 11censee) 1nd1cated that the occu-
pational dose estimates given in the draft supplement for both imme-
diate and delayed cleanup are two to five times too small. Thus,
according to the commenters the dose savings from implementation of
PDMS is greater than indicated in Draft Supplement 3. The commenters
cited an analysis (according to one commenter the analysis consisted
of a time-motion study) performed by GPU Nuclear that indicates that
the dose savings from PDMS are much greater than originally estlmated.

| Response:

The study cited by the commenters, which is contained in
Appendix 1.A of the safety analysis report on PDMS (GPU
1988), was reviewed by the NRC staff. Although a time-
motion study would provide the best estimates of occupa- .
tional dose, the GPU study is not a time- motion ‘study but
rather an extrapolation of job-hours based on-a cost-
estimate study performed for the period extending to the end
of Phase III. However, on reviewing GPU's study, the NRC
staff determined that the occupational dose estimates given
in the draft supplement did not include some tasks that
would be necessary and estimated occupational dose on the
basis of the most expeditious methods of decontamination.
The staff feels that this approach is conservative and has,
therefore revised the occupational dose estimates as-given
in Section 3.0 and Appendix H of the final supplement.
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7.4.2 Occupational Dose Levels (2-4)

One commenter asked what the occupational dose levels were for
.an undamaged reactor nearing the end of its life," as mentioned
in Section 3.3.3 of the draft supplement.

. Response:

Section 3.3.3 of Draft Supplement 3 indicates that the
occupational radiation dose expected during the cleanup -
process described for the immediate :cleanup alternative was
estimated to be between 300 and 3100 person-rem, as shown in
Table 3.23. (This value has been revised for the final
supplement to 3700 to 9400 person-rem [Section 3.3.3].)"
This is the occupational dose that is estimated to be
required to achieve radiation levels in the TMI-2 facility
that are similar to the radiation levels in an undamaged’
reactor nearing the end of its life. The general area
radiation levels in an undamaged reactor nearing the end of .
its life vary from location to location, as they do -in the
TMI-2 facility; however, they would approach 10 mrem/h. The.
major difference between TMI-2 and an undamaged reactor is
that radiation dose levels in the undamaged reactor would’
not be attributable to large amounts of fuel debris in the
reactor vessel or large quantities of radicactivity in the
concrete walls of the basement.

7.4.3 Occupational Dose Estimates for Immediate Cleanup (1-6)

One commenter asked why the estimated occupational doses are so
much higher for immediate cleanup.

Response:

The occupational dose range that was estimated for the
alternative of immediate cleanup is higher than the
occupational dose range that was estimated for delayed
cleanup for the following reasons:

(1) The 23-year period of PDMS would result in the decay of
the principal radionuclides to levels approximately
two-thirds the level that would be present during
immediate cleanup.

(2) It was assumed that robotics, decontamination, and
waste treatment technologies would allow further
reduction in occupational dose levels during cleanup
following PDMS.




|‘7.4.4 Mitigation of Occupational Dose (18-38)

One commenter indicated that it is possible to mitigate the
amount of worker exposure by using more workers and exposing them to
less radiation.

| Response;

The use of a greater number of workers will distribute the
dose, so that each worker receives a somewhat smaller dose.
However, the total person-rem required to complete a job is
usually greater for a larger group of workers than it is for .
a smaller group. This is because there would be an extra
dose obtained by each additional worker as they walked to
and from the area where the work was to begin and during the
initial part of each task, as the worker became familiar
with the equipment and the task. In addition, dose would be
incurred by the additional support personnel, such as radia-
tion protection technicians who are responsible for
monitoring the greater number of workers.

| 7.5 WASTE MANAGEMENT CONSIDERATIONS

| 7.5.1 Ciass‘A Waste Shipments (10-17) IS

The licensee indicated that most Class A waste does not require
shipment in a licensed shipping cask in order to comply with NRC and
U.S. Department of Transportation (DOT) regulations. Most of this
Class A waste is shipped in unshielded 98.5-cubic-foot or 10l4-cubic-
foot containers. '

l Response:

The staff recognizes that the licensee currently ships
Class A waste in unshielded containers. However, for
cleanup periods following PDMS, the staff's calculations
show that the waste loadings (when averaged over all the
waste to be shipped) would require shielded Type A waste
casks.

| 7.5.2 Cask Leases (10-20)

The licensee stated that in their experience shipping container
leases for Type B casks typically average $2000 per day.

| Response:
The specialized Type B cask that is used to transfer

irradiated fuel from the damaged reactor core has lease
rates of approximately $1500 per day to $2000 per day.
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Costs would be expected to be higher for a short-term lease
of 1 or 2 weeks. However, according to communications with
companies that lease waste shipping containers, lease rates
for Type B shipping containers used to transport nonfuel

waste range from approximately $150 per day to $200 per day
for a shipping campaign of moderate length (3 to 4 months).

7.5.3 Emergency Allocations for Waste Disposal (1-1, 3-9)

One commenter stated, "The NRC tells us that immediate cleanup
would require additional emergency allocations."

Response:

Page 2.33 of the draft supplement (Section 2.3.5 of the’
final supplement) states, "Immediate cleanup without PDMS
could require additional emergency allocations." It has not
yet been determined whether or not additional emergency
allocations would be required for disposal of waste.

7.5.4 Waste Disposai Impact (1-3, 1-6, 3-10)

One commenter asked how the impact of the waste disposal at
either a regional or other site could be considered outside the scope
of the EIS. The commenter stated that delaying cleanup has a major
impact on the final resting place for the waste from TMI, since the
Commonwealth of Pennsylvania is in the process of developing a site.

Response:

The environmental impact of waste disposal at a commercial
low-level waste disposal site is the subject of an environ-
mental evaluation specific to the chosen site, which must be
completed before the site can be licensed. Waste forms
other than those evaluated during the environmental evalua-
tion for the site will not be allowed for burial. The
environmental evaluation for a regional burial site must be
specific in regard to the environmental characteristics of

. the site and must also address all types of wastes that will
be accepted into it, including wastes from hospitals and
university research laboratories. Wastes from TMI-2 will
not be accepted at a regional site until the site is
licensed.

7.5.5 Approved Method for Waste Disposal (2-4)

One commenter asked if the NRC has an approved method for waste
disposal, that is, shallow burial versus above-ground monitored
* storage.
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| Response:

Currently, the only licensed low-level waste disposal sites
are shallow land burial sites. However, the Low-Level
Radioactive Waste Policy Amendments Act of 1985 mandates
that the U.S. Nuclear Regulatory Commission, in consultation
with States, identify waste disposal methods other than
shallow land burial. New disposal sites will not be
restricted to the use of shallow land burial, but all
disposal methods will be required to meet 10 CFR 61 (CFR
1988a) requirements before the sites are licensed
("Licensing Requirements for Land Disposal of Radioactive
Waste"). There are no commercial high-level waste burial
sites at this time. ' ‘

| 7.5.6 Waste Regulation Concerns (l4-3)

One commenter expressed opposition to the licensee's proposal
because waste disposal requirements might change in such a way that
would prevent the removal of accident wastes from TMI-2.

| Response:
The NRC staff does not forésee any changes in the waste

disposal requirements that would prevent the removal of
accident wastes from TMI-2.

| 7.5.7 NRC Staff Policy on Waste Removal (18-43, 19-3)

One commenter indicated that the NRC staff policy throughout the
cleanup has been to remove all radioactive waste from the site when
possible. However, this conflicts with the licensee's proposal.

| Response:

The NRC staff policy is to allow the licensee to remove the
radioactive waste from the site when possible while ensuring °
the protection of the health and safety of the public and

the workers. As explained in Final Supplement 3, the health
and safety of the public would not be 51gn1f1cantly affected
by the licensee's proposal. The health and safety of the
workers, however, would benefit from the storage period
because of the reduced amounts of radioactivity following
decay of the radionuclides during the storage period.

| 7.5.8 Removal of Waste Generated Before PDMS (1-6)
One commenter asked whether all the waste generated between the

beginning of cleanup and the beglnnlng of PDMS would be removed from
the island before Unit 2 is placed in PDMS.
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Response:

Much of the waste generated since the beginning of the
cleanup process has already been removed from the site. At
the start of PDMS, the remaining waste either would have
been shipped offsite or would be in the process of being
shipped. '

7.5.9 Generation of Additional Water for Decontamination and
Subsequent Disposal (1-1, 3-9)

One commenter asked why more water would be generated during the
cleanup options when the licensee has already accumulated a large
quantity of water that could be used for decontamination.

Response:

If the accident-generated water is available for use at the
time of the final stage of cleanup, no action would preclude
its use during decontamination. If it is not available,
however, an additional source of water would be required.
The purpose of Supplement 3 is to address the impact of
post-defueling cleanup activities without re-addressing the
impact of disposal of the accident-generated water. Because
the impact of disposal of the accident-generated water was
addressed in Supplement 2, it was assumed for Supplement 3
that an additional source of water would be used.

7.6 COMMITMENT OF RESOURCES

7.6.1 Financial Ability to Complete an Immediate Cleanup (3-4, 3-7)

Two commenters asked if funds were available for immediate
cleanup and if there has been any attempt to analyze the ability of
the licensee to afford immediate cleanup.

Response:

Attempts to analyze the ability of the licensee to afford
immediate cleanup are not considered as part of this supple-
ment; however, the NRC staff is continuing to monitor the
licensee's financial health and ability to continue the
cleanup effort and believes the funds. are available to
afford an immediate cleanup.
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7.6.2 Cost Estimates - Validity of Basing Estimate on 1988‘Dollars
(2-4, 3-17)

One commenter asked whethér the cost of cleanup was determined in
1988 dollars and indicated that basing the cost of cleanup on 1988
dollars gives 1mprec1se and inaccurate estimates.

Response:

All costs are figured in 1988 dollars as indicated and
discussed in Sections 3.2.6, 3.3.6, and 5.1 of Draft .
Supplement 3 and Sections 3.1.6, 3.2.6, 3.3.6, 3.4.6, 3.5.6,
and 5.1 of Final Supplement 3. The cost estimates in ‘the
PEIS are given as. ranges for the purpose of comparison only.
These numbers represent the best estimate of cost ‘at the
time the supplement was prepared. '

7.6.3 Cost of Rehiring and Retraining Workers (2-4, 3-17)

One commenter asked if the economic cost estimates for PDMS'
included the cost of retraining and rehiring workers who had been gone -
for 20 years. The commenter also wished to know if the NRC cost ‘
estimates included costs resultlng from corporate 1nsolvency and
bankruptcy. : . '

Response:

The additional cost for retraining workers is addressed in
Section 3.2.6 of Draft Supplement 3, and Sections 3.1.6 and
3.2.6 of Final Supplement 3. This cost was indirectly fac-
tored into the cost estimates for delayed cleanup by assum-
ing that immediate cleanup would require 3 to_4 years and
cleanup following PDMS would require 4 years for completion.

In estimating the costs, the ‘NRC dld not consider 1ns01vency
or bankruptcy of the licensee. :

7.6.4 Financial Pian (3-5, 3-28, 18-19, 18-21, 18-42, 19-3, 24-5)

1 N B

Many commenters indicated that the NRC should hold the utility to
some sort of financial responsibility to ensure that funds are avail-.
able for cleanup following PDMS as well as the decommissioning tasks.
Commenters requested specific details of the financing plans, includ-
ing an estimate of the expenses of the total task (including addi-
tional decontamination) and a reliable scheme for setting this funding
aside. One commenter suggested a licensing amendment that would ‘
require a sinking fund. Another commenter suggested that a mechanism
should be available to enable the Commonwealth of Pennsylvania to take
ownership of these funds.
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Response:

‘Although financial resources in excess of those designated
by the decommissioning rule (53 FR 24018) and discussed in
Section 2.3.5 of the final supplement would not be required
by the decommissioning rule, the licensee has submitted a
letter to the NRC (see Appendix A, comment letter number 28)
that states, "GPU Nuclear understands that the [Decommis-
sioning] Rule applies to TMI-2 and would cover all activi-
ties involved in the decommissioning the plant starting from
Post-Defueling Monitored Storage (PDMS) conditions." The
NRC staff understands this as a commitment by the licensee
to provide a plan that outlines the activities involved in
decommissioning the plant starting from the PDMS conditions,
as well as to provide a funding plan for these activities
during decommissioning. The funding plan as described in
Section 2.3.5 of the final supplement, includes requirements
(prepayment, external sinking fund or surety method, insur-
ance, or other guarantee method) for ensuring that the funds
will be available when the facility is decommissioned. The
surety or insurance must be payable to a trust established
for decommissioning costs (see Section 2.3.4). Acceptable
trustees include an appropriate Federal or State Government
agency or an entity that has the authority to act as a
trustee and whose trust operations are regulated and
examined by a Federal or State agency.

7.6.5  Economic Concerns (2-1, 3-14, 3-21, 3-22, 9-1, 13-2, 14-4,
18-33, 18-38, 18-42, 18-44, 19-3, 20-2, 20-6)

Many comments were made expressing concern about the economic
health of the utility and the availability of adequate funding to
handle the cleanup and decommissioning of the plant 20 or 30 years
from now. The comments included concern regarding rate payer equity
(Would future rate payers be willing to pay for the cleanup?) to
concerns about the utility's ability to afford the cost, expertise,

and technology for decommissioning both Unit 1 and Unit 2 at the same
time. '

Response:

The assurance of funding for the decommissioning of the
TMI-2 facility is required by the decommissioning rule
issued by the NRC on June 27, 1988 (53 FR 24018), and
described in Section 2.3.4 of the final supplement. As
discussed in Section 7.6.4, the licensee has submitted a
letter to the NRC (see Appendix A, comment letter number 28)
that states that "GPU Nuclear understands that the [decom-
missioning] Rule applies to TMI-2 and would cover all
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activities involved in the decommissioning the plant starting
from Post-Defueling Monitored Storage-(PDMS) conditions."

7.7 REGULATORY REQUIREMENTS - REGULATORY ROLE OF THE NRC (3-17, 13-1,
24-4)

Several commenters indicated that there do not seem to be any - -
firm regulatdry requirements associated with the licensee's proposal.
The major concern was that the storage period would exceed the speci-
fied time period. In addition, concern was expressed that there were
no regulatory . guldellnes and that the licensee would make their own .
rules.

Response:

The regulatory aspects assoc1ated with the licensee's pro-
posal are more appropriately a part of the license amendment
that is requested by the licensee. This final supplement,
along with the safety evaluation review of the licensee's
safety analysis report on PDMS (GPU 1988), forms the basis
for the license amendment affecting PDMS.

In addition, the NRC will have a continuing onsite presence

and will require the licensee to maintain the fac111ty in
accordance with all NRC regulatlons

7.8 EXISTING ENVIRONMENT

7.8.1 Flood Plain Concerns (1-3, 1-6,"3-11)

One commenter asked how the NRC would deal with the fact that
Unit 2 is in the 100-year flood plain, and if the regulations would be
"maneuvered" in some way so that TMI would be exempt from-require-
ments. The commenter also asked how this would affect the Unit-2
license before the licensee seeks. approval for PDMS.

Response:

Section 4.1.3 of Draft and Final Supplement 3 states that
the island on which both the TMI-1-and TMI-2 reactors are
located is not within the 100-year :flood plain. However, it
is within the 500-year flood plain (0.2-percent chance of
flooding in any given year), as determined by the U.S. Army
Corps of Engineers (see Final Supplement 2, pages A. 8 and
A.9).

The regulations will not be altered to exempt TMI from
requirements.
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The location of TMI-2 within the 500-year flood plain will
not affect the licensee's ability to seek approval for PDMS
for two reasons. First, the island has dikes for flood
protection, and the dikes are periodically inspected and
maintained by the licensee. Second, TMI-2 flood procedures
require that flood door panels be installed when the river
elevation reaches 302 feet (92 meters). Flood door panels
are placed on the reactor building, auxiliary building,
control building, diesel generator building, and turbine
building. Installation of flood door panels effectlvely
prevents the entry of river water.

.7.8.2‘ Groundwater Concerns (1-3, 3-11)

One commenter asked if TMI-2 would be able to satisfy the
groundwater intrusion criteria. :

Response:
As indicated in Section 3.1.1.3 of the draft and final
supplements, quarterly groundwater monitoring would be
continued during PDMS to detect -any outleakage from plant
buildings.

7.8.3 Supply Well Water Levels (6-1)

One commenter indicated that it was unclear if the reported
higher water levels in the three water-supply wells on the east bank
of the river are static levels or pumping levels. The commenter
stated that the final supplement should indicate how heavily the wells
are pumped.

Response:

The NRC staff does not know if the reported water levels in
the supply wells on the east bank of the river are static
levels or pumping levels or how heavily the wells are
pumped. The staff understands the concern of the commenter
to be the possible intrusion of contamination into the
water-supply wells on the east bank of the river as a result
of activities discussed in Draft and Final Supplement 3.
However, no activities were identified that would release
contamination to the groundwater. Accidental releases of
liquids directly to the Susquehanna River, as discussed in
Section 3 and summarized in Section 5 of the final supple-
ment, would result in a maximum dose of 0.003 mrem (total
body) to the maximally exposed individual who drank water
from the river. The dose to an individual obtaining N
drinking water from an offsite well would be less, on the.
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basis of the discussion in Section 4.1.4 of the final supplement
regarding the most probable path for potential releases to the
groundwater. ' ' B

7.8.4 Removal of Chemicals from Water Released to Drinking Water
Supply (1-5) :

One commenter asked if the water used for further cleanup would
contain chemicals, and how these would be removed from the water used
for cleanup before the water was released to the area drinking water

supply.-
Response:

Any water released to the Susquehanna River or to any other
drinking water supply would have to meet the licensee's
technical specifications as well as the conditions of the
National Pollutant Discharge Elimination System (NPDES)
permit issued by the Commonwealth of Pennsylvania, Depart-

" ment of Environmental Resources (PaDER). When necessary,
water that is used during decontamination and cleanup
processes is run through an ion-exchange system (for
instance, the EPICOR II system) to filter any radioactive
material and chemicals that may be present.

7.9 [ENVIRONMENTAL IMPACT

7.9.1 Cancer Fatality Estimates (21-1) -

One commenter recommended including cancer fatality estimates for
the maximally exposed individual in Table 5.1 or in. the text in ’
Section 5.0.

Response:

. ~N
Table 5.1 in both Draft and Final Supplement 3 provides the
radiological environmental impacts (the 50-year dose commit-
ments) for the cleanup alternatives. . Cancer fatality esti-
mates are not given in this table. The cancer fatality
estimates for the maximally exposed individual are given in
Section 5.2 of the draft supplement (page 5.6, second para-
graph) and also in Section 5.2 of the final supplement.

7.9.2 Revised Risk Estimates (1-3, 3-11)

~ One commenter stated that revisions were being made to the
dosimetry for the survivors of the Japanese atomic bombings and that
these revisions, along with increased followup time for epidemiolo-
gical studies, are being taken into account by the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) in
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producing risk estimates for ionizing radiation exposure. Further,
this report will be used by the International Commission on Radiolo-
gical Protection (ICRP) in reviewing its recommendations on. the system
of dose limitations. The commenter pointed out that a preliminary
reassessment of the Hiroshima and Nagasaki survivors has raised the
fatal cancer risk factor for the exposed population by a factor on the
order of 2, and that risk estimates could be substantially greater
depending on the form of the risk model used and the shape of the dose
response curve when extrapolating to low doses from observations at
high doses.

Response:

This comment addresses two separate but interrelated issues:
(1) the effect that the new assessment of the radiation dose
received by the atomic bomb survivors will have on the
health effects estimates, and (2) the shape of the dose
response curve.

With regard to the first issue, the NRC staff is aware of
the reassessment of the data on the survivors of the Japan-
ese atomic bombings. The staff understands that this infor-
mation may as much as double (a factor of approximately 2)
the estimate of health effects from low linear-energy--
transfer radiation. However, the effect on organ-specific
doses is expected to be considerably less. Although the
staff is aware of these developments, recommendations have
not been finalized by the international committees. Because
the magnitude of the dose impacts calculated in this final
supplement is so small, the staff's conclusions would not be
altered even if the calculated impacts were doubled.

Regarding the second issue, the dose response model, the
1980 BEIR III Committee found that the linear-quadratic
relationship was the preferred model for estimating response
on the basis of the existing experimental evidence and
microdosimetric theory. Both the National Council on Radia-
tion Protection and Measurements (NCRP) and ICRP hold the
same view.

7.10 DECOMMISSIONING

7.10.1 Applicability of Decommisgioning Rule to TMI-2 (26-8)

One commenter inquired if the décommissioning rule was applicable
to TMI-2. ’

Response:

Yes.
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| 7.10.2 Cost of Decommissioning (3-7, 18-32, 20-1)

Several commenters requested estimates of the cost of decommis-
sioning. One commenter stated that, although the Public Utility
Commission factors decommissioning into the rate base, there are no
criteria to determine dollar amounts and no provision for early
decommissioning of reactors.

| Response:

Cost estimates for decommissioning a nuclear reactor vary
among reactors and decommissioning alternatives. However,
the decommissioning rule published June 27, 1988 (53 FR
24018) specifies the minimum amounts (January 1986 dollars)
required to demonstrate reasonable assurance of funds for
the decommissioniing of reactor facilities that have not
undergone a serious accident. '

7.10.3 Impact of Additional Contamination in the TMI-2 Facility
on the Implementation of the Decommissioning Rule (24-5)

One commenter questioned whether the decommissioning funding plan
that must be submitted by July 1990 will incorporate the fact that
because of its extra contamination the plant would be in worse shape

. than a "normal" plant in a SAFSTOR condition and whether additional
technical methods and allowances for extra financial resources would
be required for this additional task in the plan. The commenter also
asked what type of license GPU would hold in the meantime and whether
the licensee contemplated a period of. further decontamination followed
by SAFSTOR during the decommissioning period. The commenter requested
a clear description of the highlights and options involved in the
TMI-2 decommissioning process.

l Response:

The decommissioning rule published on June 27, 1988 (53 FR
24018) specifies the minimum amount of money that must be
available for decommissioning a nuclear power plant that has
not experienced an accident of the magnitude of TMI-2. The
licensee has submitted a letter to the NRC (see Appendix A,
comment letter number 28) that states that "GPU Nuclear
understands that the [Decommissioning] Rule applies to TMI-2
and would cover all ac¢tivities involved in the decommission-
ing the plant starting from Post-Defueling Monitored Storage
(PDMS) conditions." The NRC staff understands this as a
commitment by the licensee to provide a plan that outlines
the activities involved in decommissioning the plant start-
ing from the PDMS conditions, as well as to provide a fund- .
ing plan that accounts for the funding of these activities
during decommissioning.
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The TMI-2 licensee currently holds an operating license.
They have, however, proposed that the facility license be
changed to a "possession-only” license. If this license is
granted, it would be in effect during the PDMS period and
through the decommissioning period until the completion of
decommissioning and the granting of the termination of the
license by the Commission.. The termination of the license
will be based on: (1) the performance of the decommission-
ing in accordance with the approved decommissioning plan and
the order authorizing decommissioning and (2) the final
radiation survey and associated documentation demonstrating
that the facility and site are suitable for release for
unrestricted use.

The licensee's specific plans for decommissioning are not
yet known. According to the decommissioning rule, these
plans are due within 2 years following the permanent
cessation of operations and in no case later than 1 year
before the expiration of the operating license. The
licensee has not yet formally announced permanent cessation
of operations. Unless an early decision to decommission is
made, a preliminary decommissioning plan would be required
5 years before the license expires on November 4, 2009.

7.10.4 Decommissioning Altermatives - Entombment (18-46)

One commenter asked about the possibiliﬁy of entombing the Unit-2
facility. The commenter indicated that this would likely solve'a
number of problems including worker exposure, expense of future
cleanup, and the necessity of having to depend on new technology that
may not be forthcoming.

Response:

Entombing the Unit-2 facility is one of the decommissioning

- alternatives (ENTOMB) that would be allowed under certain
circumstances by the decommissioning rule (53 FR 24018).
However, the licensee's decision as to which decommissioning
alternative ‘is appropriate to propose to the NRC for TMI-2
would be more appropriately made by the licensee at the time
they submit their decommissioning plan.

7.10.5 Decommissioning - Unrestricted Use (2-4, 26-31)

One’ commenter asked about NRC's decommissioning plans and specif-
ically wished to know at what levels "unrestricted" use of TMI would
be acceptable. A second commenter asked if unrestricted use was the
goal for cleanup of any facility and if unrestricted use meant that
- public use of the area would be allowed. In addition, the commenter
asked if any nuclear plants had been decommissioned to the point of
unrestricted use.
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Response:

“The NRC does not have any decommissioning plans; decommis-
sioning plans are submitted by the licensee. On June 27,
1988, the NRC issued a final rule on decommissioning that
became effective on July 27, 1988 (53 FR 24018). The final
rule discusses the issue of unrestricted use. Unrestricted
use is a term used to describe a site that ‘has no radiologi- -
cal hazards so that the license can be terminated and the
site can be considered an unrestricted area. ‘An unre-:
stricted area would be accessible for public use. Unre-
stricted use is the goal of the decommissioning process for
all nuclear plants. Regulatory Guide 1.86 (NRC 1974) con-
tains specific values for acceptable radiation limits for
areas of unrestricted use. The Elk River demonstration
reactor in Elk River, -Minnesota, has been completely dis-
mantled and the ground leased for unrestricted use.

| 7.10.6 Inclusion of TMI—Z Under SAFSTOR Guidelines (18-31)

One commenter asked whether the TMI-2 facility would fall under
the guidelines of the SAFSTOR decomm1351on1ng alternative. )

| Response:

Because TMI-2 has an operating license, it would fall under
the regulations applicable to facilities with operating
licenses and, thus, ‘would be a candidate for the SAFSTOR
decommlss1on1ng alternatlve

I 7.10.7 Decommissioning and Decontamination Ability (2-2, 3-15; 9-3)

One commenter recommended that GPU, the NRC, the U.S. Department
of Energy (DOE), and the industry admit that they do not know how to
decommission and decontaminate "a nuclear power plant.

| Response:

Since 1960, 5 licensed power reactors, 4 demonstration
reactors, 1 licensed ship reactor, and 52 licensed research
reactors have been or are being decommissioned by the
methods discussed-in the Final Generic Environmental Impact
. Statement on Decommissioning of Nuclear Facilities (NRC
1988). Forty-two research reactors and critical facilities
have been dismantled.. Only one power reactor, the Elk River
demonstration reactor, has been completely dismantled.
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7.10.8 Defaulting on Decommissioning (26-9) A l

One commenter asked what would happén if at some future point,
the licensee could not continue incurring the costs of decommissioning
and thus could not ensure the public health and safety at one of their
plants. '

Response: | . L ' e » . , l

The Commission has recognized that this possibility may.
occur. The Atomic Energy Act contains provisions for the
Federal Government to assume responsibility for decommis-
sioning if public health and safety are Jeopardlzed because .
of inactivity on the part of the licensee.

7.11 OTHER COMMENTS AND QUESTIONS - ' ]

7.11.1 Credibility of the March 1979 Accident (2-4) | |

One commenter referred to Section 3.2.2,2 of Draft Supplehent 3
and asked if the March 1979 accident at TMI-2 could be considered
"credible” by NRC standards.

Response:

Yes. Although considered unlikely, the March 1979 accident
that resulted in the melting of the uranium fuel was con- |
sidered credible and was within the assumptions made for
design-basis accidents. - The point the staff is making in
Section 3.2.2.2 of the draft supplement (Section 3.1.2.2 of
the final supplement) is that after ‘removal of more than

99 percent of the fuel, the licensee must demonstrate that
recriticality is not credlble. Criticality would be pre-
cluded by the small amount of fuel debris remaining, its
dispersed distribution, and the lack of a moderator.

7.11.2 Research Development (1-5, 1—6,H18-38,'18-43, 19-3, 20-6)

Several commenters asked if the, licensee or the NRC plans to
continue research related to the development of technology for the
cleanup following PDMS. Other commenters indicated that the NRC and
the licensee should develop and help finance advanced technology for
the cleanup. One commenter asked if the NRC would obtain a commitment
from the licensee to finance such development.

Response:

’

The NRC has no plans for additional research diréctly
related to TMI-2 during the proposed PDMS. The NRC in its
oversight role in regard to the cleanup has not contributed
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funds and likely will not contribute funds in the future to
develop technology for cleanup following PDMS. This task
would be left to the licensee. No commitment will be
obtained by the NRC from the licensee to finance further
development of technology.
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Absolute risk model 5.7

Accident-generated water xxxix, xlix, 1.1, 2.7, 2.9, 2.20, 2.29,
2.37, 3.4, 3.9, 3,21, 3.51, 3.60, 3.78, 7.14, 7.16, 7.17, 7.25, 7.26,
7.39, E.1 » . .

Accidental release(s) 1.4, 3.26, 3.98, 3.106, 7.32, 7.43, F.15
Actinide(s) =xxxix, 2.24, 2.27, 2.32

Activation product(s) =xxxix, 2.2, 2.24, 2.25, 3.43, 3.48, 3.64, 7.12,
7.31, F.10

Additional'cleanup before storage vi, vii, xxxix, 1.3, 1.4, 3.3, 3.4,
3.112-114, 6.1

Airborne rélease(s) 3.18, 3.24, 3.42, 3.83

Airborne exposure pathway E.5

Americium 2.27, 2.32, F.5

Antimony 2.26, 2.28, 2.29, 2.31

Atomic Energy Act =xxxix, 2.32, 7.49

Auxiliary and Fuel-Handling Building (AFHB) v, x1, 1.2, 1.4, 2.1,
2.2, 2.16, 2.19, 2.29-31, 3.4, 3.5, 3.7, 3.9-12, 3.28, 3.38, 3.51,
3.60, 3.72, 3.78, 3.88, 3.112-113, 7.3, 7.4, 7.13, 7.14, 7.23, F.8,
H.1l, H.3-6, H.9-10 ’

Background radiation x1, 4.15, 5.5, 6.2

Barium 2.26

Basement 2.1-3, 2.7-10, 2.14, 2.29-31, 3.5, 3.12, 3.16, 3.17, 3.19,
3.23, 3.26, 3.38-39, 3.42-43, 3.51-52, 3.64, 3.69, 3.72-73, 3.85,
3.87-88, 3.107, 3.112-113, 7.2, 7.8, 7.10-11, 7.19-21, 7.24-25, 7.28,
7.30-31, 7.35, F.1, F.5-10, H.4, H.9

Biological Effects of Ionizing Radiation (BEIR) x1, 7.45

Cadmium 2.26, 2.28, 2.29

Cancer(s) wvii, ix, x1lix, 5.7-11, 7.44-45

Carbon 2.24, 2.25, 2.27, 2.29, F.5, F.6
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Cement 3.17
Cerium 2.26, 2.28, 2.32

Cesium 2.2, 2.9, 2.20, 2.26, 2.28-31, 3.16, 3. 22- 23, 4.12, 7.10,
7.16, 7.30, F.5- 6 '

Chlorine 2.38,

Chesapeake Bay xlv, 3.19, 3.21, 3.43, 3.49, 3 66, 3.70, 3. 81, 3.85,
3.93, 4.1, 4.4, 4,10, 4. 16 4.17, 5.5, E.1, E.3

Clean Air Act 2.32
Clean Water Act xxxix, 2.32

Cleanup 1iii, v, vi, x, =xxxix, xli, xliv, xlvi, xlix, 1.1-4, 2.1-3,
2.8, 2.13, 2.16, 2.19-20, 2.31-34, 3.1, 3.3-6, 3.13, 3.18-19, 3.26,
3.27, 3.37-40, 3.42-43, 3.45, 3.47-49, 3.51-52, 3.54, 3.57-62, 3.64,
3.66-67, 3.69-70, 3.72-79, 3.81, 3.83, 3.85, 3.87-88, 3.90-92,
3.103-104, 3.109-114, 4.1, 5.1, 5.5-7, 5.9, 5.12, 5.13, 5.16, 6.1-2,

- 7.1-3, 7.6, 7.9-16, 7.18-19, 7.23, 7.25-26, 7.28-33, 7.35-41, 7.44,
7.47, 7.49, 7.50, E.4, F.1, F.3-4, F.6-8, F.10-12, F.1l4, F.16-20, G.3,
H.1, H.4, H.9-10

Cobalt =xxxix, 2.2, 2.24-25, F.5-6 -

Commitment of resources 1.4, 3.6, 3.35, 3.37, 5.58, 3.60, 3.75, 3.77,
3.90, 3.92, 3.101-102, 3.108, 3.111, 7.1, 7.39

Concrete x1ii, xliii, 2.1-3, 2.7-9, 2.19, 2.25, 2.29-31, 2.36,
3.16-17, 3.36, 3.39-40, 3.42, 3.59, 3.62, 3.64, 3.73, 7.9-11, 7.19,
7.26, 7.28, 7.30, 7.31, 7.35, F.1, F.9

Containment xxxix, xlviii, 2.2, 2.7, 2.20, 2.28, 3.5, 3.8, 3.10,
3.102

Cost(s) wvii, ix, xlv, 1.2, 2.36, 2.37, 3.31, 3.34-35, 3.54-55,
3.57-58, 3.73, 3.75-77, 3.88, 3.90-91, 3.100-101, 3.108, 3.111, 3.114,
7.34, 7.37, 7.40-41, 7.46, 7.49, F.1, F.7, F.10, F.19, F.20, F.22, G.2

Criticality 2.34, 3.102-104, 3. 107 108, 3 111-112, 7.14, 7.15,
7.21-23, 7.49

D-ring(s) 2.7, 2.9-10,,2.29;31, 3.5, 3.17, 3.38-39, 3.51, 3.64, 3.72,
3.88, 3.112, 7.2, H.4
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\

Decommissioning iii, v, vi, vii, ix, x, x1i, x1ii, xliv, xlvi, xlix,
1.2-4, 2.35-37, 3.1, 3.3-4, 3.6-7, 3.13-14, 3.18-19, 3.21, 3.23-24,
3.26-29, 3.32, 3.34-35, 3.37, 3.47, 3.51, 3.55, 3.58, 3.60, 3.61,
3.64, 3.67, 3.72, 3.74-78, 3.88, 3.91-93, 3.96, 3.98-100, 3.102-109,
3.112, 3.114, 5.1, 5.4, 5.6, 5.8-11, 5.13, 5.17, 6.1, 6.2, 7.1-3,
7.11-12, 7.16-20, 7.29, 7.30, 7.33, 7.40- 42 7. 45 49, F.3-4, F.7-8,
F.11, F.14, F.22, G.1, H,3, H.5-6

DECON xll, 2.35

Decontamination 1iii, v, vi, vii, xi, xii, =xxxix, xlvii, xlix, 1.1-4,
2.1, 2.3, 2.7, 2.9-10, 2.14, 2.19, 3.3-4, 3.8-9, 3.12, 3.19, 3.21,
3.23, 3.26, 3.28-29, 3.37-39, 3.42, 3.45, 3.48, 3.51-52, 3.60-62,
3.64, 3.66, 3.69, 3.72-73, 3.76, 3.78-79, 3.81, 3.83, 3.85, 3.87-88,
3.90-92, 3.96, 3.101, 3.103-104, 3.110, 3.112-114, 5.1, 5.4, 6.1,
7.1-3, 7.5, 7.9-11, 7.14, 7.16, 7.17, 7.21, 7.24, 7.25, 7.27, 7.28,
7.32- 35 7.39, 7.40, 7.44, 7.46, 7.48, E.4, E.6, F.1, F 6-9, G.1-2,
H.1, H. 4 6, H.9

Delayed cleanup +vi, x1i, 1.3,4, 3.1, 3.3-4, 3.32, 3.37, 3.40, 3.43,
3.45, 3.47-49, 3.51-52, 3.54-55, 3.58-59, 3.61, 3.66, 3.70, 3.78-79,
3.85, 3.108-114, 5.1, 5.4, 5.6, 5.8-13, 5.16-17, 6.1, 7.10, 7.34-35,.
7.38, 7.40, F.1, F.3, F.6, F. 10 11, F. 14 F.17-19, F.21-22, G.1-3,
H.1, H.3-5, H.7, H.9

Delayed decommissioning wvi, vii, x, x1i, 1.2-4, 3.1, 3.3-4, 3.9,
3.13-14, 3,19, 3.21, 3.24, 3.27-29, 3.31-32, 3.34-37, 3.42, 3.47,
3.64, 3.70, 3.73,

3.89, 3.93, 3,96, 3.99-100, 3.103, 3.105- 108 5.1, 5.4-6, 5.8-13,
5.16, 5.17, 6.1-2, F.1-2, F 8, F.10-12, F.1l4, F.17-19, F.21-22, G.1-3,
H.1, H.3-4, H.9 :

Department of Environmental Resources (PaDER) 2.38

Department of Energy.(DOE) xii, xlii, x1liii, xlv, 3.31, 3.54, 3.73,
3.88, 4.19, 7.48, F.7 ®

Department of‘Transporta;ion'(DOT) xii, x1ii, 2.33, 7.36, f.19
Drinking water'supély 7.44

Economic concerns 7.41

Emergency workers 7.26

Employmené 3.31, 3.34, 3.54, 3.57, 3.73, 3.75, 3.88, 3.90, 3.110,
5.12-13, 7.26, G.1-4

Endangered species 4.15, 5.12-13

Engineering design' 7.5
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ENTOMB x1iii, 2.35-36, 7.47

Environmental Protection Agency (EPA) xii, x1ii, 2.32-33, 4.12, 4.15,
4.16

EPICOR II xlii, 2.9, 3.5, 3.12, 3.22-23, 3.28, 3.45, 3.49, 3.66,
3.96, 3.98, 7.44

Europium 2.26, 2.28, 2.32

Exposure pathways - E.5

Farming 4.1, 4.14

Fifty-year dose commitment(s) ix, x1i, 3.14, 3.19, 3.24, 3.40, 3.43,
© 3.45, 3.48, 3.62, 3.67, 3.70, 3.79, 3.81, 3.83, 3.85, 3.93, 3.96,
3.109, 5.4-5, 5.9-10, 5.16, 7.44, E.1, E.4, F.18 :

Financial plan 7.40

Financial resources 7.41, 7.46

Fish(ing) x1, xlv, 3.19, 3.21, 3.43, 3.49, 3.66, 3.70, 3.81, 3.85,
3.93, 4.10, 4.14, 4.16-17, E.1-3, E.6

Fission products x1liii, 2.1, 2.14, 2,20, 2.24-29, 2.31, 2.32, 3.64
Flood plain 4.10, 7.42

"Fuel v, vi, xxxix, xli, x1lii, xliv, xlvii, 1.1, 1.3-4, 2.1-2,-2.9-10,
2.13-14, 2.16, 2.19-20, 2.24-29, 2.31-34, 3.1, 3.3-5, 3.8-9, 3.13,
3.18-19, 3.23, 3.26, 3.31, 3.37, 3.45, 3.48, 3.60, 3.69,-3.77-78,
3.85, 3.92, 3.102-111, 4.12, 5.1, 6.1, 7.2-4, 4.7, 4.11, 4.14-15,
4.20-23, 4.25, 4.27, 4.30-31, 4.34-37, 4.49, F.7, F.10, F.23

GASPAR E.4, E.6

Genetic risk estimator(s) 5.7, 5.11

Groundwater x1iii, 3.12-13, 3.21, 3.43, 3.6@, 3.96, 4.12-13, 7.24,
7.43-44 : '

Health and Safety 7.49

Health effects wvii, 1.4, 5.1, 5.7, 7.45

Heat loading 7.21

High Efficiency Particulate Air (HEPA) filter(s) x1liii, xlvii, 2.3,

3.9, 3.13, 3.16, 3.18, 3.24, 3.26, 3.29, 3.47-48, 3.52, 3.64, 3 67
3. 69 3. 83 3. 85 3. 96 3.107, 3.114, 5.16, 7.23, 7.32, F.8
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Immediate cleanup vi, xliv, 1.3-4, 2.37, 3.1, 3.4, 3.59-62, 3.64,
3.66-67, 3.69-70, 3.72-79, 3.81, 3.83, 3.85, 3.87, 3.108-114, 5.1,
5.4-6, 5.8-11, 5.13, 5.16-17, 6.1, 7.11, 7.17, 7.27, 7.29-30, 7.32-35,
7.37, 7.39-40, F.1, F.4, F.6, F.8, F.10-12, F.14, F.17-19, F.21-22,
G.2-3, H.1, H.3-4, H.6, H.9

Immediate cleanup/reduced effort wvi, xliv, 1.3-4, 3.1, 3.3-4,

3.77-79, 3.81, 3.83, 3.85, 3.87-91, 3.108-114, 5.1, 5.4, 5.6, 5.8-13,
5.16-17, 6.1, 7.30, F.1, F.4, F.6, F.10-12, F.14, F.17-19, F.21-22,
G.3, H.3-4, H.9 '

Immediate decommissioning wvi, vii, xliv, 1.3-4, 3.3-4, 3.92-93, 3.96,
3.98-102, 3.109-111, 5.1, 5.4-6, 5.8-13, 5.17, 6.1, 7.29, F.1, F.4,
F.6, F.8, F.10-12, F.14, F.17-19, F.21-22, G.2-3, H.3-4, H.9
Incomplete defueling vi, vii, xliv, 1.3-4, 3.3-4, 3.102-111, 5.1,
5.4, 5.6, F.8-13, F.17, 6.1, F.1-2, F.6, F.10-11, F.14, F.18-19,
F.21-22, G.1-2, -H.1, H.3-4, H.9

Inleakage 2.7, 3.12, 3.21-23, 3.28, 3.66, 3.83, 3.96, 7.24-25
International Atomic Energy Agency (IAEA) 3.17

International Commission on Radiological Protection (ICRP) 5.7, 5.11,
7.45

Iron 2.24-25

Isolation criteria 7.13

Krypton 2.25, 2.88

LADTAP I1I E.1, E.6

License(s)(d) xi, xli, xlv, xlix, 1.2, 2.36-37, 3.1, 3.6-7, 3.31,
3.36, 3.54, 3.61, 3.73, 3.78, 3.88-89, 3.99, 3.103, 7.2, 7.17-18,
7.20, 7.30, 7.34, 7.42, 7.46-48 :
License amendment(s) 2.36-37, 3.59, 7.7, 7.17, 7.20, 7.42

Low-Level Radioactive Waste Policy Amendments Act 4.19, 7.38

Low-level waste (LLW) site 2.9, 2.34, 2.37-38, 3.73, 3.76, 3.88,
3.91, 3.101, 3.110, 4.19, 5.5, 5.13, 7.37-38, F.5-7, F.10

Manganese 2.24-25, 7.7
Maximally exposed (offsite) individual or Maximally exposed member
of the public wvii, ix, xlv 3.14, 3.19, 3.21, 3.24, 3.40, 3.43, 3.45,

3.48, 3.62, 3.64, 3.66, 3.67, 3.70, 3.79, 3.81, 3.93, 3.96, 5.1, 5.4,
5.9-10, 5.13-14, 7.43-44, E.1-4, E.6
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Maximum permissible concentration xlvi, 2.33
Miscellaneous waste holdup tank 3. 12 3.22, 3. 28, f3 98

Monitoring 2 8, 2.10, 2.33, 2.38, 3.7- 11 3.13, 3. 60 61 3. 78 3. 92,
4.13, 7.19, 7.22-23, 7 29, 7 36, 7.43, G.1

National Academy of Sciences (NAS) xlvi 5.7

National Council on Radiation Protection and Measurement (NCRP) lei,
4.15, 5.7, 7.45 o

National Environmental Policy Act (NEPA) 111, vi, xi, x1lvi, 1.3, 3.3,
3.112, 3.114, 6.2, 7.5, 7.32 ' ' L

National Interim Primary Drinklng Water Standards 2.33

National Pollutant Discharge Elimination System (NPDES) xlvi, 2. 38
7.44

Natural uranium &.12
Nickel 2.24-25, F.5, F.6
Niobium 2.25, 2.28-29

No-action alternative vi, x, xlvi, 1.3, 3.3-4, 3.6, 3.112, 3.114,
6.1-2, 7.32-34 '

Nuclear Regulatory Commission (NRC) iii, v, vi, vii, ix, x, xi, xii,
x1ii, xxxix, x1i, x1lii, xliv, xlv, xlvi 1.1-2, 1.4-5, 2.1-2, 2.7,
2.10, 2.33-37, 3.1, 3.4-7, 3.9, 3.16, 3.18, 3.22, 3.24, 3.26-27,
3.35-38, 3.59, 3.76-77, 3.90-92, 3.98, 3.100-103, 3.108, 3.112-114,
4.6, 4.19, 5.1, 5.4:6, 5.12, 5.16, 7.1-2, 7.4-5, 7.8-10, 7.15-25,
7.27-28, 7.30-31, 7.36-43, 7.45-50, E.1, E.3-6, G.1-3, H.1

Occupational dose(s) vii, ix, x1i, 1.1, 3.6-7, 3.28, 3.36, 3.51,
3.72-73, 3.77, 3.87-88, 3.92, 3.98, 3.102, 3.107, 3.110, 3.113-114,
5.4, 5. 8 5.11, 6.2, 7.1, 7.11-12, 7.16-17, 7 34, 7.36, H. 1 H. 3 4,
H.9 :

Occupational and offsite radiation exposure X, 1.2, 2.35; 5.11,‘7.3,
7.16, G.2 .

pH 2.38
Plenum 2.10, 2.13, 2.16, 2 24, 2.27,.2.30, 3 8, 7. 12 7 22
Plutonium 2,27, 2.32, 4.15, F.5-6, F.10

Population distribution 4.1, 4.4, 4.6-8, E.1
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Post-defueling monitored storage (PDMS) v, vi, xi, xlii, xliv, xlvii,
1.1, 2.14, 2.35, 2.37, 3.1, 3.3, 3.5, 3.6-9, 3.12-14, 3.16-19,
3.21-24, 3.26-29, 3.32, 3.34-38, 3.40, 3.43, 3.47-49, 3.51-52,
3.54-55, 3.57-61, 3.64, 3.66-67, 3.69-70, 3.75, 3.78, 3.83, 3.85,
3.90, 3.92, 3.98, 3.100, 3.103-110, 3.112-113, 6.1-2, 7.2, 7.13, 7.15,
7.20, 7.24, 7.41-42, 7.46, E.1, F.7-8, 7.11, 7.14, 7.17, 7.19, 7.22,
H.1

Praseodymium 2.26, 2.28, 2.32

Pressurized water reactor 2.28

Promethium 2.26, 2.28, 2.32

Protactinium 2.27, 2.32

Public intervention 7.2

Radionuclide inventory(ies) 3.48, 3.112, 7.6

Radium 4.12

Radon 2.33, 4.12, 4.15

RADTRAN III F.10, F.12, F.14-17

Reactor‘building ‘v, xlvii, 1.2, 1.4, 2.1-4, 2.7, 2.9, 2.16, 2.19,
2.24, 2.28-31, 2.34, 3.4-5, 3.7, 3.9-13, 3.16-17, 3.19, 3.23, 3.26,
3.37, 3.39, 3.42-43, 3.48, 3.51, 3.52, 3.60, 3.62, 3.64, 3.69, 3.72-3,
3.78, 3.83, 3.87-88, 3.103-104, 3.107, 3.110, 3.112-113, 7.2-3, 7.7-8,
7.10-11, 7.14, 7.20-25, 7.29-32, 7.43, F.1, F.8, H.1, H.3-6, H.9-10
Reactor coolant system v, vii, xxix, x1, xlvii, 1.1, 1.4, 2.1-2, 2.7,
2.10, 2.13-14, 2.16, 2.20, 2.24, 2.27, 2.29. 2.31-32, 2.34, 3.4, 3.8,
3.19, 3.23, 3.38-40, 3.43, 3.45, 3.48, 3.51-52, 3.64, 3.66, 3.69,
3.72-73, 3.87-88, 3.102, 3.105-106, 3.110, 5.1, 7.2-5, 7.11, 7.14,
7.20-21, 7.27, 7.31, F.1, F.6, F.8-9, H.4

Reactor intervals 2.13, 2.24

Regional compact(s) 2.38, 4.19

Relative risk model 5.7

Research development 7.49

Resource Conservation and Recovery Act (RCRA) xlviii, 2.32-33

Rhodium 2.26
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Richland, Washington x1liii, 2.38, 3;31-32, 3.36, 3.54-55, 3.59, 3.61,
3.73, 3.78, 3.88-89, 3.99, 4.17, 4.19, F.6, F.11-14, F.17, F.19-20

Risk estimates 5.7, 5.9, 7.44-45

Robot/rqbdtic(s) 1.2, 2.8-9, 3.37-39, 3.51, 3.59, 3.61, 3.73, 3.78,
3.87, o , o

3.91, 3.109, 7.11,.7.16-19, 7.35, F.8, H.1, H.7-9

Routine releases 1.4, 3.14, 3.21, 3.40, 3.43, 3.62, 3.79, 5.1, 5.4,
E.6 N

Ruthenium 2.26, 2.28-29, 2.31
Safe Drinking Water Act 2.32.
Samarium 2.26, 2.28, 2.29

SAFSTOR x1lix, 2.35, 7.46, 7.48

Scabbling x11x 2.3, 2.7-8, 2.19, 3 40, 3.52, 3.73, 7.1i" 7.19, F.6,
F.8-9 . . ‘ ' ' .

Shellfish - xlv, 3.19, 3.43, 3.49, 3.66, 3.70, 3.81, 3.85, 3.93, A.;,
4.17, 5.5, E.1, E.3, E.6

SIMPLE F.5, F.9-10

Socioeconomic impacts 1.4, 3.6;'3.34}‘3,36, 3.57, 3.60, 3.75, 3.77, "
3.90, 3.92, 3.100, 3.102, 3.108, 3.111, 3.114, 5.13, G.1 .-

Somatic (cancer) and genetic risk estiﬁators 5.7, 5.10
Stairwell/elevator structure 2.9, 2.31, 3.16, 3.24, 3.26-27, 3.39,
3.42, 3.47-:48, 3.62, 3.64, 3.67,.3.73, 3.83, 3.85, 3.96, 3.107,
3.112-113, 7. 28 F.1 ‘ :

Strontium 2.20, 2.25, 2.28-30, 3. 17 3.22-23, 4.12, 7.16, 7.30,
F.5-6, F.9-10

Submerged demineralizer system (SDS) 2.9

Susquehanna River 2.33, 2.38, 3.19, 3.23, 3.43, 3.45, 3.49, 3.66,
3.70, 3.81, 3.85, 3.93, 4.1, 4.10-14, 4.16, 5.4-5, 7.26, 7.43-44, E.1

Technetium 2.25, 2.28-29, F.5
Tellurium 2.26, 2.28-29

Thoxium 2.27, 2.32
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Tin 2.26, 2.28-29

F

Transportation ix, 1.4, 2.33, 2.38, 3.6, 3.31, 3.34, 3.36, 3.55,
3.57, 3.59-60, 3.74-75, 3.77, 3.89-90, 3.92, 3.99-100, 3.102, 4.1,
4.17, 4.19, 5.1, 5.4-6, 5.13, 5.16, 6.2, F.1, F.5-6, F.9-10, F.12-14,
F.16-17, F.19-20, F.22

Transuranies 1, 2.32, 2.36

Tritium =xxxix, 1, 2.25, 2.28-29, 3.16, 3.21-22, 4.12, 4.16, 7.17,
7.25-26, F.5

United -Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) 1, 5.7, 7.44

Unrestricted use x1i, x1ii, xliii, x1lix, 1, 2.35-36, 7.34, 7.47-48
Uranium xxxix, 1,2.27-28, 2.31-33, 4.12, 4.15, 7.49, F.5
Ventilation 2.3, 3.7, 3.9-10, 3.16, 3.17-19, 3.27, 3.42, 3.48,
3.60-62, '

3.67, 3.78, 7.5, 7.14, 7.21-23

Waste classification F.1

Waste disposal x1lii, 2.37-38, 3.31, 3.35-36, 3.54, 3.58-59, 3.73,
3.76-77, 3.88, 3.91, 3.99, 3.101, 3.108, 3.111, 4.19, 7.16, 7.37-38,
F.1l1 . :

Waste management 1.4, 3.6, 3.29, 3.36, 3.52, 3.60, 3.73, 3.77, 3.87,
3.92, 3.99, 3.102, 3.108, 3.110-111, 3.114, 7.1, 7.36

Waste regulation 7.38

Waste transportation 3.35-36, 3.58-59, 3.76, 3.90-91, 3.101, 5.1,
5.4, F.1, F.10 ‘ -

Waste volume(s) ix, 2.34-35, 3.29, 3.32, 3.36, 3.54, 3.55, 3.59,
3.74, 3.77, 3.89, 3.91, 3.99-101, 7.16, F.1-4, F.7-9, F.1l4, H.9

Waterborne pathways 3.21, 3.27, 3.43, 3.49, E.1
Yttrium 2.25, 4.12

Zirconium 2.26, 2.28, 2.32
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APPENDIX A

COMMENTS ON THE DRAFT SUPPLEMENT TO THE PROGRAMMATIC
ENVIRONMENTAL IMPACT STATEMENT

The comment letters received in respoﬁse to the draft supplement
are listed below according to the. sources of the letters as follows:
Federal Government agencies, State Government agencies, local govern-
ment agencies, citizen groups and businesses, the licensee, and indi-
vidual citizens. The letters are followed by a listing of the tran-
scripts of public meetings and an NRC briefing by the TMI-2 Advisory
Panel. The numbers in the second column are used in Section 7.0 to
. identify the sources of the comments addressed in both the letters and
the transcripts. The page number where the letter or transcript first
appears in this appendix is shown in the third column.

Letter or
Source Transcript No. Page

Federal Energy Regulatory Commission - 5 A.1l4
J. Steven Herod, Director,
Office of Electric Power Regulation
U.S. Department of Agriculture 7 A.15
Rodney J. Mays,
Assistant State Conservationist for
Natural Resources
U.S. Department of Agriculture 15 A.35
Rodney J. Mays,
Assistant State Conservationist for
Natural Resources
U.S. Department of Defense 23 A.44
Department of the Army
James F. Johnson, Chief, Planning Division,
Baltimore District, Corps of Engineers
U.S. Department of Energy 25 A.48
Ernest C. Baynard, III, Assistant Secretary,
Environment, Safety, and Health
U.s. Department of the Interior 6 A.15
Bruce Blanchard, Director,
Environmental Project Review’
U.S. Department of Labor 4 A.l4
Frank S. Chalmers, Director,
Directorate of Policy
U.S. Environmental Protection Agency 21 A.43
 "Richard E. Sanderson, Director,
Office of Federal Activities

Al




Letter or

Source : Transcript No. Page

Commonwealth of Pennsylvania, ' , - 8 A.1l6
Department of Health
George K. Tokuhata, Director,
Division of Epidemiology Research

Maryland Department of Natural Resources - 11 A, 30
Richard I. MclLean, Administrator, ' ‘
Radioecology Power Plant Research Program

Pennsylvania Intergovernmental Council _ 24 A.45
Sandra L. Kline, Special Assistant
Intergovernmental Review Process

The City of York, Pennsylvania . ' 17 A.37
William J. Althaus, Mayor
Concerned Mothers and Women 14 A.33
Deborah Davenport, Member o , ' _
Susquehanna Valley Alliance N 1@ A.9
Susquehanna Valley Alliance : : . 19@ A.38
Frances Skolnick , ‘ :
Three Mile Island Alert (TMIA), Inc. . = oo2e A.12
Eric Epstein, Spokesperson
Three Mile Island Alert (TMIA), Inc. S 9 A.18
Eric Epstein, Spokesperson I . v - K
Three Mile Island Alert (TMIA), Inc. 13 A.31
Vera Stuchinski, Chairperson '
Three Mile Island Alert (TMIA), Inc. . ' .o20® . AL40
Three Mile Island Alert (TMIA), Inc. . - - . 279 A.49
GPU Nuclear Corporation ) : 10 A.19

F. R. Standerfer, Director, TMI .2
4410-88-L-0097 Document ID 0400P : IR -

GPU Nuclear Corporation , : 16 A:35
F. R. Standerfer, Director, TMI 2
4410-88-L-0114 Document ID 0400P .

GPU Nuclear Corporation ' 28 - A.51
E. E. Kintner, Executive Vlce President
4410-88-L-0117 Document ID 0402?

Judy B. Hamaker 12 A.31
June E. Wood : ' ' 220 A.43



Letter or

Source ' Transcript No. Page
Comments received at the May 26, 1988, 3@ A.55
TMI-2 Advisory Panel Meeting
Comments received at the July 14, 1988, 18 A.84
TMI-2 Advisory Panel Meeting
Comments received at the September 7, 1988, 260 A.135
TMI-2 Advisory Panel Meeting _ .
U.S. NRC Periodic Briefing by TMI-2 Advisory 299 A.180

Panel, October 25, 1988

(a) Submitted as supplement to transcript of public meeting.
(b) Newspaper clipping was inserted with letter, but is not shown.
(c) Excerpt from transcript of meeting.
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The comment letters and the transcripts of public meetings and an
NRC briefing by the TMI-2 Advisory Panel are listed a second time
below. . In this list, they are ordered chronologically, according to
the dates on which the letters were received or on.which the meetings
were held.

Letter or
Source Transcript No. Page
Susquehanna Valley Alliance (SVA) ‘ 1@ A.9
Three Mile Island Alert (TMIA), Inc. 2@ A.12
Eric Epstein, Spokesperson ‘
Comments received at the May 26, 1988, ' 30 A.55
TMI-2 Advisory Panel Meeting .
U. §. Department of Labor 4 A. 14

Frank S. Chalmers, Director
Directorate of Policy :
Federal Energy Regulatory Commission 5 A.l4
J. Steven Herod, Director, ' '
Office of Electric Power Regulation .
U.S. Department of the Interior 6 A.15
Bruce Blanchard, Director,
Environmental Project Review
U.S. Department of Agriculture 7 A 15
Rodney J. Mays, '
Assistant State Conservationist for
Natural Resources ' ,
Commonwealth of Pennsylvania, . 8 A.l6
Department of Health \
George K. Tokuhata, Director,
Division of Epidemiology Research

Three Mile Island Alert (TMIA), Inc. 9 A.18
Eric Epstein, Spokesperson
GPU Nuclear Corporation ' 10 A.19

F. R. Standerfer, Director, TMI-2
4410-88-L-0097 Document ID 0400P
Maryland Department of Natural Resources 11 A.30
Richard I. MclLean, Administrator
Radioecology, Power Plant Research Program

Judy B. Hamaker 12 A.31

Three Mile Island Alert (TMIA), Inc. ‘ 13 A.31
Vera L. Stuchinski, Chairperson ) -

Concerned Mothers and Women 14 A.33
Deborah Davenport, Member o

U.S. Department of Agriculture 15 A.35

Rodney J. Mays,
Assistant State Conservationist
for Natural Resources



Letter or
Source : Transcript No. Page

GPU Nuclear Corporation ' 16 A.35
F. R. Standerfer, Director, TMI-2
4410-88-L-0114 Document ID 0400P

The City of York, Pemmsylvania 17 A.37
William J. Althaus, Mayor .

Comments received at the July 14, 1988, 18® A.84
TMI-2 Advisory Panel Meeting '

Susquehanna Valley Alliance 19@ A.38
Frances Skolnick

Three Mile Island Alert (TMIA), Inc. 20@ CA.40

U.S. Environmental Protection Agency 21 A.43

Richard E. Sanderson, Director,
Office of Federal Activities
June E. Wood : 226 A.43
U.S. Department of Defense 23 A.44
Department of the Army
James F. Johnson, Chief, Planning Division,
Baltimore District Corps of Engineers
Pennsylvania Intergovernmental Council 24 A.45
Sandra L. Kline, Special Assistant .
Intergovernmental Review Process
U.S. Department of Energy 25 A.48
Ernest C. Baynard III, Assistant Secretary,
Environment, Safety, and Health

Comments received at the September 7, 1988, 26® A.135
TMI-2 Advisory Panel Meeting

Three Mile Island Alert (TMIA), Inc. 27® A.49

GPU Nuclear Corporation 28 A.51

E. E. Kintner, Executive Vice President
4410-88-L-0117 Document ID 0402P

U.S. NRC Periodic Briefing by » 29® A.180
TMI-2 Advisory Panel, October 25, 1988 '

Copies of letters received are arranged in this appendix in the
order received. The transcripts of the public meetings and the NRC
briefing by the TMI-2 Advisory Panel, also arranged chronologically,
follow the copies of the letters.

Numbers written in the margins of the comment letters refer to
the section of the supplement where the comment is addressed or
question is answered. The margin note "CN" means that the comment was
noted, although it was not specifically addressed in the text of the
supplement.

(a) Submitted as supplement to transcript of public meetings.
(b) Excerpt from transcript of meeting. '
(c) Newspaper clipping was inserted with letter, but is not shown.




The numbers at the bottom of each page of a letter or transcript
are used in Section 7.0 for ease of reference.
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1 sceak for the Susm.gnama Valley alliance whose mecpersrip resides moscly
{n lancaster County and whose mencal and physical health stands to be
impaczed upcn by any decisions zade about Three Mile Island. Following is
a surrary of our camments on the £15,Supplemenc #). I am submitzing a lisc
of questicns which I would ask to have answered in a cimely mamer so thaC
1 can review the answers prior to submiizing caments to the NRC.

Hot on the heels of the NRC's refusal to permit the storaze of Che Aceident
Gerevacad ‘water at Unitc 2 uncil a more suitable merhed of disposal was found
whierehy Che radicactivizy would be retaired instead of dispersed inco the
ervircrment,cames their consent to permic the placing of Unit 2 into a storaze
coce prisr Lo the carpietizn of clean-up so that sore suizable mechods can be
fourd o finish the clean-up. PIMS is cnly a fancy came €5 conceal the fact
thac DI will aftar all became a site for che storage of radicactive wasce,
Inceed POMS closaly resembles the mo-actizn alternative since there are mo
assurances that Unic 2 will ever be gleaned up. ' The NRC speaks of a 20 year
stoTagze period,but provices no raticrale for choosing this mmper. The
Licensee refuses to commit itself! Obviously delayed clean-up solves 2
preblems for the licensee ’

1) they do not have to proceed with an area of clean-up which would preciude
the restart of Unit 2 and

2) thay won't have Lo worty about thac messy and inccrnvenienc preblem of what
to do with che waste. NRC tells us that irmediace clean-up would require
additional emergercy allecations. (EIS Pagel.3d)

Not so long ago,we heard of MRC's cammitwent to prevent TMI fram becaming a
site for the storage of waste. This EIS clears che way for just that. This
waste mind you will be in out of tre way places,not izmediately available for
menLtering. _ _

We are shocked to learn thac it will take ac least 4 oore years,and who knows,
it could be more,zo clean up Unit 2. It seems like cnly yesterday thac we
were being accused of holding up clean-up beciuse we had asked for hearings
corcerning the disposal of the radicactive accident generated water.
khy';er.e:a:e more Warer when we ntave Elgeady accamulated the major medium

for decontzmination? N

\
i

1-1/

Ore of our =a‘cr conesrms wizh leaving Unit 2 S0 centaminated ot so 7.2.2

pRol-Tade

cary years is tased on unceztuintias abait che aount of rad

"buildings,pipes ard ocher carperents. We ave informed in the IIS thac tThe

rrber and quancity of the majcrity of radicruciides are estimated fram the
aounc present at the time of the accidenc. The amount present ac the tire
of the accidenr is based on a compucer coce,Origen 2. A cooputer code is”
oniy as accurate as the daca that a person pucs in,so chere must be

allewance Z2r ertors. Studies have been underzaken to foilcw the paths of -
the radicmuciices as they were reieased {rom che dzmaged core. This is an
reads through any researsl reports cn tre accident

orgoirg pr

_ore soon is very aware of the uncertaincies which exist as 22 how and o wrers

tre radicmuclides were dispersed. The NRC reczguises tids develcomencai
aspecz of the clean-up. Trey stace in che IS,
"alzhougn prediccicns have been made regariing the tanspors
and depositicn of materials released as vapors and/or aercsols
during ccre heac-up,refined modeiing mectods are rot available
for accurately analysing che tzansport and deposizicn of the
fragrentaticn debris,or the leaching of soluble materials froam Che
damaged core. " (page 2.22)
They also state that plans to decontaminate che reacter building fellewinz
POMS are tentative because the Licensee has
"incomplete informacion (alchough currvencly being cbtained)
on the amount and lecation of centamiration’ (page 3.10)"

Table 2.4 vhich shows an estimate of the maximm amcunc of radicruclides 7.2 '

lefz and their locaticn,cames as a camplete surprise in light of these two
statements. We want £o know upon what informacicn chis table might be

based. FPurthersore,.e want to have a camplete accouncing of the radicmuciides
present in tha core.at the time of the accident. Looking at just cwo of

the radionuclides,Critium (which cthe NRC failed to mencion was an important
activation producz) and Krypeten 85,it is impossibie to account for boch of
these radicruclides.  There were over 8000 curies of cwitium and over

97,000 curies of Krypten in the reactsr at accident time. How does the NRC
end up with less chan one curie of boch tritium and Krypeen-35?
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The approval of TMI to become a sizz for the storage of radicaczive waste
raises questicns about Regulatory procedures and furthermore the accepradbi
of this plan to the State of Permsylvania. If clean-up were co contirue
presently then the waste would go to out of state sizas. If it is celayed,
ic will largely retain wichin the State. How does tha State react to this?
would t@2 State sice be able to accammodate this amount of wasse? Would iz
also be expected o accommodate the wasta if Unit 2 were to be decammissicred.
How can the MRC dismiss the questicn of the impacs ¢f che waste disposal
by saying thac it wouid be the subject of an analysis elsewrere. The
disposal of Che waste at TMI is a major issuas €0 be ceait with at this rime

in keepirg wizh the requiremencs of the Naticral Invircrmental Policy
Act.. Cbvicusiy,zhe pecpie of Pernsylvania will be izpacted upcn rot cnly b);,
the pcssitle transporzaticn accidents when taking che waste Co a site,bur also
by the possibility that the site will be located in samebody's backyard in ?a.
How will the MRC deal with tre fact chac Unic 2 is in the 100 year {lood-
plain? Will it have to marceuver the regulations in same way that DI will
be exetpc from their requiremencs?Will TMI be able to satisfy che ground
water inttusicn critaria? ‘

Tre health izpacts secticn so peatly resembles all other such secticns in
Supplements to the EIS. I wish to call che acrencicn of the NRC to same
revisicns of the dosimetry of the survivors of the Japanese atamic barbings
which tegecrer wich the now increased follow-up tize for epicemiological
studies,are beirg taken into account by the United Nactions Sciencific Camnitcee
on the £ffacts of Acomic Radiation (UNSCZAR) in producing risk estizacas fer
icr.izi;':; radiaticn exposure. This report will be used by ICRP in reviewirg

its recxmendaticns on the system of dose limitaticns. A preliminary reassessme:

of che Hiroshima and Nagaski survivors has raised the fatal cancer risk

for r.‘*é exposed population by a cotal factor of the order of 2. . The risk
estizaras could be substantially greater depending on the fom of risk model
tsed and the shape of the dose repcnse curve when exptrapolating to low doses
fron observaticns at hign doses. The cost importanc aspect of this informacicn
to us is that standards must contirue to be charged so chat the public is
pretecced  against unnecessary exposure to radiatien. h

One final point,which I must address to you Mayor Morris concerns the paymenc

:f tha 510,000 by the Licensee to the City of Lancaster for the recrieval
and analysis of sarples of water from the Susqueharra river. This was dizected
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by the cours. We wanr o make sure thar this payment will contimee as lorg
as TMI contirues to be radicactive., Wacer will centimue to be peured inco
the Susquenarra River. Purzhermore,chere is a likelitood that otfer soiuticrs
will be added to the water for chemical decontaminacicn. We want o know
what steps the cicy will take to monitor this,so that our drinking wacer will
be provided same sort of prorecticn.

This concludes my conments cn the EIS.

1 wish to submit a typewrittan copy of DR K.Z.Morgan's statement on EIS
Supplement -#2,«hich is related to the disposal of the AGW. He is crposed
_to the disposal of the water by evaporaticn and dispersal of the radizacci-
ints our air. He views it as an wmecessary exposure to icnizing radiazion
for the people in this area. He also shews it capabie c¢f infliczing much
grater damage Chan the NRC/GPU would acmic.

Thank you.



11y

GVAS quESTIoNS REIATING TD THE EIS ON GPU NUCLZAR'S PROPOSAL TOR POMS

Z2L.2 1. e ‘the uncercainries of radicruclice dispersicn and dgpgsi:i:n
following the accidenc,upon what informacicn is Table 2.4 based?

7.5 2. By the time of POMS,will we imow the condition of the contairment
and the damage to it caused by the accident? How will chis information be
made available to the Public?

7.11 .2, 3. Unile Uniz 2 15 in PDMS,whac research will continue which relates ca
the reactor?

231,10 4. Fxp‘lain the raticnale for delaying clean-up. Delay will have ro effect
on the lomg-lived radicmuciides. Is the delay then for reasons of
techroicgical advarces?

7.3.1.12. 5. How will the mumber of encrias be detarmined during POMS?

720 6. Upon what findirgs and/or scudies does the MRC base its assurpeion thac

. the aczivicy in che cop ¥ of the wall becames available for resuspensicn?
what allowances are made for the fact that che walls might crumble due 5
‘stress from age and clean-up activities already undertaken?

2.2.] 7. what is 102 of each activation producc? Upen what information or

studies do.you make the assumption chac 102 of the activation procucts will
) remain in the reactor building at che end of defueling? (EIS page 2.27,2.2.1)

7.23.).1S 8. The wacer wnich will leak into the syscam has been determined to be 5000
gallons per year. Explain why this amount is so much less chan che in-
leakage for this past 9 years.

~2.73.2.0 9. Page 3.31,Secticn 1.3.1.1 Explain those ceasuremencs uhich aré being
presently underzaken? What is being measured? In what manner will the
results affect decisions abour RCS deconcaminarion and the fucure of the
facilicy?

7.2.14 10. thac would preclude the use of the AGW to clean the ACS?

7.9.4 1l. Will the wacer used for further clean-up contain chemicals? How will
these be removed froam the water before the water is released to our drirking
water supply?

7.2.9 12, Page3d.32,Section 3.3.1.2 hen do you expect the radiation doses to be
low enough to nermit entry into che basement for complece clean-up? If chey
are presently f-'a- lugn £o permit encTy,does this not rule out the possibilicy
of immediace clean-up as an alternative to be consicered?
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13, How can the irpact of the waste aftar disposal at either a regicral 7,5’.'*[
ot other site be considered outside Che sccpe of this IIS? Delaying clean-uo

has a major impact on the final resting place for che waste fram TI,since

the State of Pa is presently in the process of develcping a sice.

14, Page 3.19, footcte a. What are the precautions to be taken to ensure 7.8
that cricicality would not ocour?

- 15, Berseen encrias,how will the Licensee kncw that cricicality has noc 7'3.lﬂ :

cccured?

16, During entries,fow will the workers know that criticality is not ocquring! 7.3.'.‘\

17. By what means will che [licensee decarmine the amount of radicacziviiy <. 3_”.{
in che reacter prisr to purging chis radicactivicy ©o the envivcmrenc!

18, In the event of an incident ac Unit 2,how many workers would S availaciz 2,3 .11
at any one time to deal wich the emergercy-at a time wnen che workess have baer

reduced in the firsc year and then in the second year and chereafzer.

Is it possible or likely chat workers from Unic 1 would be drawn to Unit 2

to help deal with an emerzercy? R

19. Does GAU Muclear need an amendment to its license before PIMS s eraczad. 7.3.1 6

20. Since Unit 2 is in the 100 year flood plain,how will this affect its 7.9.1
License prior to seeking approval for PIMS. )
21. Explain why the estimated cccupational doses are so muxh higher Zor 7."{.3

irmediacs clean-up.

22, Explain the subtle difference between the no-acticn altarnacive and the 7.3.4%
Licensee's proposal. What guarantees or laws will precluds che Licensee's

PIMS proposal fram becaning the no-acticn altermacive?

23, Into what areas and how much money will the Licensee or the NRC mut irto 74172
rasearch o develop techrology for clean-up Fallowing POMS? Will che NRC

obcain 4 commitmenc from che Licensee to finalZ . such develiopmenc?

26, Will all of the waste generated since the on-set of clean-up and up to 7.5 ]
theplacement of the plant ln PDMS be removed fram the island before the Uni:

is placed in PIMS?
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No. 2

T™I

TMI-ALERT'S'COMMENTS IQ.THE'ADVLSORY PANEL ON PDMS

l Tmu:t MiLE IsLanD ALERT, INnC.
318 Puifer SU Horrisburg, Possa 17102  (717) 233-7897

My name is Eric Epstein and I am the sookespetson for TMI-
Alert. I would like to comment on the staff’'s Programmatic -
Environmental Impact Statement on Post-Defueling Monxtored
§torage at TMI.

In reviewing the staff’s comments I was struck by several
familiar and disturbing themes.

Firsc, there is a heavy reliance on data supplied by GéU.

7!‘.5: This lack of independence, coupled with the staff’s propensity to

rely on outdated data, cast a shadow on the veracity of this
document.

Secondly, the PEIS relies heavily on assumptions and
conjecture relacing to such items as the state ¢f robotics and
¢leanup technology, radiation locations, radiation levels, and
GPU’s commitment and ability (economic health) to clean the plant

7.6.5‘ up. Thus the PEIS is too abstract and theoretical, and allows GPU

the flexibility of finishing the cleanup when and how it sees
fit. This is clearly a textbook lesson on how not to regulate.

Let me remind you that GPU has a knack for making rosy
projections that have failed to materialize. For instance, we
vere originally told that, "Decontamination of the containment
building will take until late 1982. Then we’'ll need the balance
of 1982 and 1983 for fuel removal” {Robert Arnold, The Evening
News, July 14, 1980). It is now 1988 and fuel is still being
“recovered” and "removed." The original projected cost of 5400
million, is approaching $1 billion, roughly what it cost to build
Unit-1l and Unit-2. Yet the same people who are so proud of their
pioneering accomplishments are content to mothball the plant
indefinitely.

Actually, if you look at some .=cent events at Unit-2 it
would seem as though the plant is already mothballed: January 19,
1988, GPU notified the NRC “that the training qualifications of a
senior health physics technician (HPT) had lapsed several months
in the past:” February 22 and 27, 1988, fires occurred in the
Decontamination Facility of the reactor building, and in both
instances assigned fire extinguishers failed to operate; and,
April 1, 1988, NRC inspectors toured the reactor building and
determined that "housekeeping on all elevations had deteriorated
in that paper towels, cardboard tags, plastic bags, and other
transient combustible materials were scattered in work areas and
low usage areas”. ( Source: NRC Inspection Reports 50-320/87-15,
50-320/88-03, 50-320/88-01, 50-1320/88-0S).
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Throughout the PEIS the NRC clearly acceptad G2y's
proposition that Post-Defueling Monitored Storage is somehow
separate and distincs from the cleanup. This is absurd. The
cleanup of Three Mile Island should not ccme toglscraeching hals

because GFU and the NRC have establisned an arditrary end pointc.

Ironically, some of the same arguments the stafi used
against radiocactive water storage were employed to endorse a

posiponement of the c¢lsanup. For instance, the staff argued that

postgonement will significantly reduce radiation levels and allcw

time for, the development of innovative technologies to deal with

some of the problems created by the accident,

In ccntrast, TMI-Alert and other concerned citizens have

cocnsistently called for an expedited and safe cleanup, which will
hopefully include a resolution to the water proplem that will not

result in direc:t, radicactive releases to the puilic and the
envircnment (TMIA supcorts transporting the the sludce off-site
to a low-level waste site, the Nevada Test Site or the Hanford
Reservaticn).

GPU has the means, both economical and technological, as
well as an experienced work force at its disposal, to continue

the c¢leanup. Moreover, the staff did not have a clear preference

in resolving this issue, and stated that the "TMI-2 site should
not be allowed to become a waste disposal site” (NUREG-0683,
PEIS, J.l1.5). The public has a clear preference, and we want to
give the Panel a message to convey to the Commissioners: clean
the planc up now! Cleanup means finishing the job you started,

ragardless if takes four or four hundred years. Radiation doesn’t

take vacations, and neither should GPU or the NRC. We can not
allow these people to walk away frcm their commizment.

Let me conclude by saying that there are several problems
intricately intertwined with the timing of the cleanup. To
postpone the cleanup is to postpone the inevitable
decontamination and decommissioning of Unit-2. It is high time
for GPU,
not know how to decommission and decontaminate a nuclear power
plant. Due to their collective ineptitude and overzealousness,
there is a crippled, but dangerous plant, in the middle of the

Susquenhanna River that needs to be retired. But there’s a catch:

GPU doesn’'t want to clean it up just yet, the NRC is content to
leave the plant in limbo-land, and nobody knows just-how to
decontaminate and decommission it.
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the NRC, the DOE, and the industry to admit that thevy do
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7.3.17

7.2.16
7.0

WA NS
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7.1.6
7.
7.2.b

Questions on POMS

1. 2.1 The staff noted that, “"The primary difference between an
undamaged reactor at the end of its useful life and the
licensee’'s PDMS proposal is that durxng PDMS relatxvely hxgh
levels of contamination would remain in the reactor building
basement and a small amount of residual fuel would remain in the
reactor coolant system storage.”

Wwhat factual data are these conclusions derived from? How
many “undamaged reactors at the end” of their "useful” lives have
the NRC dealt with? Were technical experts from these plants
consulted? If so, is their input a matter of public record? Whact
other differences exist between these plants and GPU's PDMS plan?
Was embrittlement a factor at these plants? What was the staffing
levels at these plants?

2. 2.1.1 The staff argued that, "The reactor containment building
is uniguely designed and constructed to maintain its structural
integrity (with almost no leakage! during a wide variety of
accidencs.”

How long after an accident was the RCB designed to maintain
its integrity? Was it specifically designed to house radicactive
waste materials for an indefinite period of time? If not, would
not storage of such wastes necessitate a license amendment?

3. 2.4 How permanent are “"permanent dose reduction technigues?®

4. 2.1.2 "Sectioning and disposal of the reactor internals and
reactor vessel are not considered part of the cleanup because
radiation levels expected. from these components would be no
higher than in a normal reactor nearing the end of its life."

what are “sectioning and positioning of the reactor
internals” part of? What if radiation levels are incorrect? What
exactly are the radiation levels of a *normal reactor at the end
of its life?" what constitutes a normal reactor?

5. 2.1.4 what unique problems will the AFHB pose since it 'Has
not designed to be leak free...” during a"...variety of
accidents?” How much, and just exactly what, leaks from the AFHB?
What are the dose levels found in AFHB at tha end of its 11fe?

6. 2.2.]1 Why wergn't new calculations taken concerning the number
and quantity of remaining radionuclides? Does the NRC or GPU have
a comprehensive inventory of the radionuclides released since

the accident? Is it possible for radiation levels to shift or relocate

from one section of the plant to another? If so, isn’t possible
that sections designated to have certain radiation levels may
now be inconsistent with GPU’s endpoint criteria?

" 18. 3.3.3 What are the occupatioﬁal dose levels of "...an

7. 2.2.2.3 "The efforts that are being made tu leach
radioactivity from the concrete-biock wall may reduce this
inventory somewnat." .

7.2.8

How much is “somewhat?” What levels are acceptable and/or
desired by the NRC? Is the staff aware that GPU has already made
incorrect projections in this area: "They predict about 6 to 8
years of leaching will be required to reduce the block wall
activity to 10% of the present value. This may be compared to an
earlier prediction made by Dr. Godbee of about two years" ( Task
Force Report: Reactor Building Basement Decontamipation, p.9).

2.10.5

8. 2.3.3 Re: U.S. NRC's proposed decommissioning plans. At what
levels would "unrestricted® use of TMI be acceptable?
9. 3.1.% Physically there is no difference between PDMS and the 7-3-*:1

No-Action Alternacive. (Theoretically.preparation for PDMS appears
to be the gualifier). When does the PDMS plan become the No-=
Action Alternative optxon’

10. 3.2.1.2 What are the advan:ages of storing the plenum dry?  1.3.1.10
11. 3.2.1.3 Is "ventilating” the reactor building before each 2240
entry the same as purging it?

732072

12 3.2.2.1 Can the NRC quantify radiation levels produced by
"...ag9ressive decontamination efforts...?" (p. 3.16).

13. 3.2.2.1 How will the liquid releases to the Susquehanna River 7.3.417
following PDMS differ in composition to the 2.3 million gallons of

_radicactive water currently stored at TMI? (p. J.17).

14. 3.2.2.2 By NRC standards, was che March 1979 accident at TMI- 7.11.1
2 considered “credible?”

15. 3.2.6 Does the NRC have an approved method for waste 7.5.5
disposal, i.e. shallow burial vs. above ground monitored storage?

16. 3.2.7 Is the public entitled to.intervene if GPU implemented 7. l ]
"long-term monitored storage of the facility?”

17. 3.3.2. 1s there any discernible difference for the potential A 35‘
of accidental releases during immediate cleanup as opposed PDMS?

7,“{.'1

undamaged reactor,nearing the end of its life...2"

19. 5.1 If the cost of the cleanup is figqured in 1988 dollars, 162
then estimates for delayed cleanup are xmprecxse .and inaccurate. i
Did the NRC factors such costs as retraining and rehiring workers 7.6, 75
or corpozate xnsolvency ‘and/or bankruptey? -

2-4
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No. 4

U.S. Department of Labor

ww 13 1oge

Mr. lohn F. Stolz
Director .

No. § h

FEDERAL ENERGY REGULATORY COMMISSION
WASHINGTON, D.C. 20426

Qccucatoral Salets ana neaith Admir sirauor
‘Wasnimon 2210219

RAeaty 1@ the Atanuan Gt

May 17, 1988

Dr. Michael T. Masnik

Office of Nuclear Reactor Regulation
U. 5. Nuclear Regqulatory Commission
Washington, D. C. 20555

ODivision of Reactor Projects I/II Dear Dr. Masnik:
Office of luclear Reactor Regulation

13016

The Office of Rlectric Power Regulation of the Federal

Nuclear egqulatory Commission Energy Regulatory Commission has received the ‘April 1988 draft

Washingron, D.C. 20555

Dear Mr., Stolz:

statement dealing with the possible environmental impact of
alternate approaches to the completion of the cleanup of General
Public Utilities' TMI-2 facility. We have no comment at this
time.

This is in cresponse to your letter of April 27 addressed to Sincerely,
Assistant Secretary John A. Pendergrass, concerning the

issuance of a draft supplement to the programmatic
environmental impact statement - Three ¥ile Island, Unit 2.

The Qccupational Safecy and Health Administration (OSHA) would
like to thank you for the opportunity to review the

suoplement. OSHA has no comments on the draft report. Electric Power Regulation

¢ we can he of fucther service to you, please do not hesitate

to contact me.

Sincerely,

4 S. Chalmers
Director
Directorate of Policy
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- OFFICE OF ENVIRONMENTAL PROJECT REVIEW —

g WASHINGTON, D.C. 20240 - =

ER 88/292
JUN 2 17388

Dr. Michael T. Masnik

Project Directorate 14

Office of Nuciear Reactor Regulation
Nuclear Regulatary Commission
Washington, D.C. 20555

Dear Dr. Mumikx E

The Department of the Interiar has rev:ewed dnll sq:plcment :I to the programmatic

environmental statement related to d and d I of radicactive wastes
resulurg from the March 28 1979, accident, Three Mile lsland Nuclear Station, Unit 2,
Dauphin County, P Y a, and have the foilowing comments.

The draft swplement states that the Gettysburg Formation aquifer i3 artesian in the site
area. Water levels in the monitaring wells at the site are reported as being lower than
those of three water supply wells on the east bank of the Susquehanna River, directly

- opposite the site. Previous documents have stated that ground water at the Three Mile

SR

7.8.3

Island Nuclear Station site is under water-table conditions (e.g., NUREG 0066, the July
1976 draft supplement to the Fina! Environmental Impant Statement related to operation
of Three Mile Island Nuclear Station, Unit 2). The present supplement should clarify the
ground-water situation at the site, explaining whether the onsite observation and
monitoring wells are only in the water-table aquifer or whether some wells also monitor
the underlying artesian aquifer. The final supplement should indicate whether there is
any significant hydraulic continuity between the Gettysburg Formatian aquifer and the
water-table aquifer. If hydrautic continuity has become evident, it should be explained.
It is unclear if the reported higher water levels in the three water-supply wells on the
east bank of the river are static levels or pumping levels. The final supplement should
indicate how heavily the wells are pumped.

We hope these comments will be helpful to you in the preparation of a final suppiement.

Sincerely,

7
Lo A A
ruce Blanchiard, Director
Environmental Project Review

No. 7

s United States Sou .
:L  Depenment o1 Conservaton 228 Walout Street, Room B50
Y Agncuiture Service Box 985 Federal Square Station

Harrisburg, PA 17108-0985

June 22, 1588

Dr. Michasl T. Masnik, Project Manager
Office of Huclear Reactor Regulation
U. 8. Nuclear Regulatory Connllnxon
Washington, D. C. 20555

Dear Dr. Masnik:

We appreciate the opportunity to review the DEIS related to
decontaaination and disposal of radioactive wastes froam
Threo Mile Island Nuclear Station, Unit 2 (Docket No. S0~
320). At this time, we have no coaments.

ODHZJ . HA‘!S

’/ Assistant 3tate Conservationiasc
/ for Natural Resources
cet

Japes B. Nevman, Diraector, Ecological Sciences Divisgion,
8CS, Washington, D. C. :

(o
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No. 8

. Departrment of Health
nnnn’pﬂult’: ’

717-787-5264

Juoe 23, 1988

Dr. Michael T. Masnik

Office of Nuclear Reactor REgulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Masnik:

At your request, [ have reviewed the ﬂraf: Supplement 3 To The
Prograzmactic Eaviroamental Impact Statement - Three Mile Island, Unic 2.
As in the past, I have concencrated on the epidemioclogic p-pccts'of the
document. Please note that my comments are based on your staff's analysis,
as given. ’ )

A copy of my comments is enclosed.
Enclosure . Sincerely,

George K. fokuahta, -Dr.P.H., Ph.D.

Director .
Division of Epidemiology Reasarch

£.0 BOX 90. HMARMISAUAG. Pa 17108

8-1

DRAFT SUPPLEMENT 3 TO THE PROGRAMMATIC ENVIRONMENTAL IMPACT
STATEMENT - THREE MILE ISLAND, UNIT 2

The purpose of Draft Supplement Dealing with Post-Defueling Monitored Scorage
gnd Subsequent Cleanup (Supblcncnt No. 3) is to evaluate the potential

environmental impacts oé alternative ipproaches to :omplicing éhe ™I - 2
cleanup. Tha licensee has submitted a proposal to maintain the T™I-2 facilircy
io a monitored storage mode (referrsd to as "post-defueling monitored storage"”)
for an unapecified period of time following curtenc efforts to remove the
damaged fuel. Following the storage pariod (approximacely 20 years), the

decontamination process would be resumed and completed. Thie alternative is

referred co as "delayed cleanup”. . ) .

Six alternatives to the licensee's proposll-vo?e idencified by che NRC staff:

1) immediate cleanup without storage period: 2) .immediate clesnup with a reduced

level of effort vtchout-stornge’gniiodi 3) more exterisive cleaning than thac

proposed by the 11c-n§at;'4)’dollz-d cl.nhug with Q:orage less than 20 years;

5) dllizodAclinnug with Qtorngc longer than 20 years; and (6) no further cleanup
following defueling. ’ .

Delayed cleanup.and 1mmcdinzn.c1-nnup wera quantitatively evaluated relative
to their environmentsl iﬁﬁnc:l, ;nciuding radiation lx;osuri‘;é the offsite

pépulixlon from routine aﬁd accidental releases, occupational ‘radiation dose,
waste management 1mpactl.'uocio-bohon1c impacts, commitment of resources, and

regulatory considerations.

The potential environmental impacts associated with delayed cléaﬁup and
immediate éleunup are sumaarized in Table S.1., which appears to be the most

informative source of data epidemiologicaily.
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DRAFT SUPPLEMENT 3 TO THE PROGRAMMATIC ENVIRONMENTAL IMPACT
STATEMENT - THREE MILE ISLAND, UNIT 2

Estimates of the cancer mortality risks to workers and the general public .

vere based on conservative assumptions. The following comparative risk

esticates betwesn Delayed Cleanup and Immediate Cleaoup are of particular

interest:

a) Occupstional radiation doses, thus estimated risk of radiation-induced
cancer deaths n-ﬁng worinra, along with estimated numbers of traffic
accidents/injuries/deaths are higher for tha lamediace Clesnup mode
tﬁan the Dll;ynd Cleanup mode.

b) Ono the other hand, bone doses and total body doses to the offsite
population, thus estimaced risk of radiation-induced cnnc;r deaths
offsite are higher for the Delaved Cleanup mode than the Immadiats
Cleanup oode.

¢} Estimated risk of radiation-induced genetic disorders in the offsite
population is greacer for the Immediate Clesnup mode than the Delayed
Cleanup moda.

d) Delayed Cleanup mode would be more costly than lamediaze Cleanup mode.

As can ba seen from the above cuupartlon.‘dlffcrcncal in health risks
associated vith radiscion sxposure are not consistent between the two
modes, i.e., one mode would provide a bigher risk to on-site wvorkars,
but a lower risk to offsite population and vice versa. However, it. is
important to recognize that projected cancer fatalitias in the offsite
population residing within 50 miles of cthe site are 0.002 (2 chances in
1000) among 2.2 aillion- 3.2 million people for Delayed Cleanup as

compared with ths estimate of 0.0003 (3 chances in 10,000) for Lomedfiate

Cleanup.

-3~

DRAFT SUPPLEMENT 3 TO THE PROGRAMMATIC ENVIRONMENTAL IMPACT

STATEMENT - THREE MILE LSLAND, UNIT 2

Th; estimated number of traffic fatalities during waste shipments is, regardless
of cleanup modes, generally higher than that of cancer fatalities asgsoclated

with radiation exposurs.

Based on the overall assessment, the NRC staff has concluded that the licenses's

propossd plan and tha NRC staff-idencified alternatives for complection of cleanup
are wiihlu the applicable regulacory limits and could each be implemented without
significanc eavironmental iuspact. No alternative (excepc “no action” alternative
or "no further cleanup following defueling”) was found to be clearly preferable

from an enviroumencal tnpic: perspective. Analyses conducted and views expressed
by the NRC staff are consistent vith our epidemilogic review of the data provided

in the Supplement No. 3 dated April 1988,

. May 31, 1988

George K. ;okuhc:a. Pr.P.H., Ph.D
Director

Division of Epidemiology Research
Pennsylvania Department of Health
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. "recovered” and

. Tmu'r MLz IsLanp ALERT, inc.
35 Potter S1. Narvishury, oo, 1TW02 (711 233-7e87

June 22, 1988

TMI-ALERT 'S COMMENTS ON NUREG 0683, SUPPLEMENT 32, DRAFT REPORT

Three Mile Island Alert (TMIA) is a non-profit, safe-energy
organization formed in 1977 after the construction of Three Mile
Island Unit-l and Unit-2, and the licensing of Unit-l. We have
been an active intervenor in hearings before the Nuclear

‘Requlatory Commission (NRC) on safety, managerial and technical

issues.

We have taken the time to evaluate the NRC statt s
Programmatic Environmental Impact Statement (PEIS) on Post-
Defueling Monitored Storage at TMI-2. Unfottunately, we ‘were
struck by several familiar and dxsturbxng themes."

Pirst, there is a heavy reliance on data supplied by GPU.
This lack of independence, coupled with the staff ‘s propensity to
rely on outdated data, cast a shadow on the veracity of the PEIS.

Secondly, the. PEIS relies heavily on assumptions and
conjecture relating to such items as the state of robotics and
cleanup technology, radiation.locations, radiation levels, and
GPU’'s commitment and ability (economic health) to clean the plant
up. Thus the PEIS is too abstract and theoretical, and allows GPU
the flexibility of finishing the cleanup when and how it sees
fit. This is clearly a textbook lesson on how not to regulate.

Let me remind you that GPU has a knack for making rosy
projections that have failed to materialize. For instance, we
were originally told that, “Decontamination of the containment
building will take until late 1982. Then we 'll need the balance
of 1982 and 1983 for fuel removal®™ (Robert Arnold, The Evening
News, July 14, 1980). It is now 1988 and fuel is still being
“"removed.” The original projected cost of $400
million, is approaching $1 billion, roughly what it cost to build
Unit-1 and Unit-2. Yet the same people who are so proud of their
pioneering accomplishments are content to mothball the plant
1nde£xnxtely. L

' low usage areas"”
50-320/88-03, 50 320/88-01, 50-320/88-05).

Actually, if you look at some recent events at Unit-2 it
would seem as though the plant is already mothballed: January 19,
1988, GPU notified the NRC “that the training qualifications of a

_senior health physics technician (HPT) had lapsed several months

in the past;" February 22 and 27, 1988, fires occurred in the
Decontamination Facility of the reactor building, and in both
instances assigned fire extinguishers failed to operate; and,
April 1, 1988, NRC inspectors toured the reactor building and
determined that "housekeeping on all elevations had deteriorated
in that paper towels, cardboard tags, plastic bags, and. other
transient cembustxble materials were scattered in work areas and
{ Source: NRC Inspection Reports 50= -320/87-15,

Throughout the PEIS the NRC clearly accepted GPU's
proposition that Post-Defueling Monitored Storage is somehow
separate and distinct from the cleanup. This is absurd. The

cleanup of Three Mile Island should not come to screeching halt
because GPU and the NRC have established an arbitrary end point.

' Ironxcully, some of the same arquments the staff used

- against radiocactive water storage:were employed to endorse a

postponement of .the cleanup. For instance, the staff argued that

postponement will significantly reduce ‘radiation levels and allow
time for the development of "innovative technologies to.deal with

some of the problems created by the accident.

. In contrast, TMI-Alert.and other concerned citizens have
consistently called for an expedited and safe cleanup, which will
hopefully include a rescolution to the water problem that will not
result in direct, radioactive Teleases to the public and the
environment (TMIA supports transporting the the sludge off-site
to & low-level waste sxte. the Nevada Test Site or the Hanford
Reservation}. o

GPU has. the means, both economical and technologxcal, as
well as an experienced work force at its disposal, to continue
the cleanup. Moreover, the staff did not have a clear preference
in resolving this issue, and stated that the "TMI-2 site should
not be allowed to become a waste disposal site” (NUREG-0683,
PEIS, 3.1.5). The public has a clear preference, and we want to

' give the Panel a message to convey to the Commissioners: clean

the plant up now! Cleanup means finishing the job you started,
reqardless if takes four or four hundred years. Radiation doesn’t
take vacations, and neither should GPU or the NRC. We can not
allow these people to walk away from their commitment.
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There are several problems intricately intertwined with the
timing of the cleanup. To postpone the cleanup is to postpone the
inevitable decontamination and decommissioning of Unit-2. It is
high time for GPU, the NRC, the DOE, and the industry to admit
that they do not know how to decommission and decontaminate a
nuclear power plant. Due to their collective ineptitude and
overzealousness, there is a crippled, but dangerous plant, in the
middle of the Susquehanna River that needs to be retired. But
there’s a catch: GPU doesn 't want to clean it up just yet, the
NRC is content to leave the plant in limbo-land, and nobody knows
just how to decontaminate and decommission it.

Tl

Eric gpéteih, Spokesperson, TMI-Alert

No. 10

<QPU Nuclear Corporation

Past Oftice Box 480

Route 441 Soulh

Migalstown, Pennsyivamis 170570181
17 94a.7821

TELEX 84-2348 .
writer's Direct Diai Number:

[ Ruclear

{717) 948-8461

July 12, 1988
4410-88-L-0097/0403°

Dr. Michael T. Masnik

Senior Project Manager

OwFN 13016

US Nuclear Regulatory Commission
wasninjton, DC 20355

Dear Or. Masnik:

Jnree Mile Islana Nuclear Station, Unit 2 (TMI-2)
Operating License No, DPR-73
. Docket No. S0-320
Oraft Prograwmatic Environmental Impact Statement, Susplement No, 3

This letter transmits conments conceming the draft Programatic Envirormental
Impact Statement (PEIS), Supplement No. 3, which evaluates GPU Nuclear's
proposss Post-Defueling Monitoreo Storage (PDMS) of Tnree Hile Islana Unit 2
(TM1-2), .

GPU Nuclear is pleased that the Staff nas confirmmed that the POMS
configaration is environmentally safe ana that the Denefits of long-term
storage of TMI-2 outweigh any potential effects. Further, we want to stress
that the dominant issue inherent in a decision to pursue POMS is reguced
occupational ragiation exposure to the TMI-2 workforce. Included in the
attacheg comments are results of a recently completec GPU huclear study wnich
estimated worker ragiation exposure for tne POMS proposal ang for the NAC
igentifi{ea alternative of additional decontamination activity. These
estimates, which were not availadle when the Supplement No. 3 Draft was
prepared, inoicate a significantly larger benefit in reduced occupational
ragiation exposure than presented in the PEIS Oraft.

Based on the PEIS Draft Supplement No. 3 and our attached comments, GPU
Nuclear concluges that there is every reason to identify the POMS proposal as
the preferred alternative, All of the identifieo alternatives are safe ang
present no significant effect to the off-site public or the enviromment. Tre
PDMS proposal, consistent with the pasic NRC principle for raciation exposure
of "as-low-as-is-reasonably-achievaple" (ALARA), additionally offers a
significant recuction in the ragdiation exposure to the TMI-2 workforce, GPY
Nuclear believes this maxes it clearly preferrable to the otner alternatives.

GPU Nuclear Corporation is a subsidiary of the Generat Public Utilities Corporation

10-1
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Dr. Masnix -2- ) July 12, 1988
: 4410-88-L-0097

1f you have any further questions on these comments, we will be pleasea to
answer them.

Sincerely,
/s/ F. R, Standerfer

F. R. Stangetfer
Director, TMI-2

EDS/enf

Attacrment

¢c:  Senior Resigent Inspector, TMI - R. J. Conte
Regional Aoministrator, Region 1 - W. T, Russell
Cirector, Plant Directorate Iv - J. F. Stolz
Systems £ngireer, TMI Site - L. H, Thonus

10-2

ATTACHMENT
4210-88-1-0097

GENERAL COMMENTS

General Comment No. | - Preparation for POMS

The discussion of “Preparations for POMS."” Page 3.6, Section 3.2.1.2, should a (@)

be revised to include the prerequisites that GPU Nuclear has established for ° °

POMS. These prerequisites are described in the December 1986 plan. Further, 3 | I—L
1t should be stated that after THI-2 1s tnitially placed in POMS, some the
attivities may continue until completed.

Activities which may be carried on subsequent to the implementation of PDMS
intiude:

1. Mater Processing - Due to the antic¢ipated duration of the ongoing
adjudicatory process on the disposal of Accigent Generateg Water (AGH),
it is expected tha: AGH disposal will be ongoing into POMS. Because
certatn systems and facilities (e.9., the Processed Water Storage Tanks)
are needed to support this activity, they will not be placed in a final
storage configuration until after initial implementation of POMS.

2. Decontamination - During the inttta) stages of POMS, removal or tsolation
of small sources of radioactivity or radioactive material may continue
{(e.g., actions needed to place AGW disposal support systems in a final
POMS condition). .

3. Radloactive Waste - Completion of shipment of remalning wastes generated
during the Cleanup Program will be accomplished. Thus, radioactive waste
‘shipments will continue during POMS until all packaged waste from TMI-2
cleanup activities has been shipped off-site.

4. SNM Accountability - Activities to complete the transfer records for the
fuel debris which was shipped to the Department of Energy will continue.

In summary, TMI-2 will be prepared to enter POMS upon completion of the
ongoing Cleanup Program (see General Comment NO. 2 below). Hhile some
activities may continue for a period following implementation of POMS, these
activities will not alter the NRC assessment of environmental impact.

General Comment No. 2 - Completion of the Cleanup Program

GPU Muclear's TMI-2 "Cleanup Program” includes those actions necessary to 7.V,
recover from the accident and to place the plant in a safe and stable °
conditton that poses no risk to the public health and safety. The key

elements of this program will be accompiished. as a prerequisite to

implementing POMS. The use by the NRC of the terms "immediate cleanup” and

“delayed cleanup" do not make clear that extensive cleanup has been

accomplished and that the planned “Cleanup Program," as géfined in the various

POMS documents, wiil be compieted prior to PDMS. More accurate terminology

for NRC's two alternative cases would be “immediate additional

decontamination” and “final decontamination as part of decommissioning.”

-1- 0400P

10-3
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ATTACHMENT .
4410-88-1-0097

Adgitional near-term activities, while further reducing remaining radloactive
contamination at TMI-2, are not necessary to ensure the public health ang
safety and are not consistent with the ALARA principle. These activities are
not part of the "Cieanup Program” but rather will be accomplisned as an
integral element of decommissioning. - This distinction should be addressed in
the PEIS since these additional activities, whenever accomplished, will
require consideradble occupational exposure with no measurable Increase in the
margin of safety afforded by POMS.

General Comment No. 3 - Worker Rajiation Exposure

The NRC has included estimates of the occupational radiation exposure for the
POMS proposal and the primary alternative action. GPU Nuclear has recently
compieted a task by task study of the occupational radlation exposure for
these alternatives and these estimates are summarized in Table 1. These GPU
Nuclear estimates indicate a significantly larger person-rem savings than is
ingicateg in the Draft PEIS. Thys, there s a gredter ALARA lncentive to
acopt the POMS proposal over thg primary alternative. Moreover, if, as GPU
Nuclear has proposed, final disposition of TMI-2 occurs at the time of TMI-2
gdecomnissioning, the person-rem savings could be even larger.

Consistent with the original PEIS TMI-2, NUREG-0683, 1981, GPU Nuclear views
the occupational dose savings as the dominant consideration (n evaluating the
POMS alternative. The PEIS should emphasize that the POMS condition poses no
risk to putlic health and safety. In fact, the potential releases from TMi-2
guring this period are expected to be much less than those analyzed in
KHJRES-0112, "The Final Environmental Impact Statement Related to the Operation
of Three Mtle Island Nuclear Station, Unit 2.* On balance, the significant
recuction tn accupattondl exposure as a result of POMS more than offsets even
tne ma»imum hypothetical environmental effect. Thus, a clear advantage for
PLHS is gemonstrated. N

-2- 0400P
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JABLE 1

ATTACHMENT
4410-88-L~0097

SUMMARY OF GPU NUCLEAR PERSON-REM ESTIMATES

ADO!TIONAL DECONTAMINATION ACTIVITIES ~

REACTOR BUILDING
Preparations/Support Activities
Characterization
ventilation Control and Area Isol.
Health Physics Support
Engineering Support
Basement General Cleanup
Basement Cubicle Cleanup
Basement Elock Wail Removal
D-Ring Dose Reduction
0-Ring Final Decen
pDome and Polar Crane Decon
EV. 347'-0 Decon/Dose Reduction
EV. 347'-0" Final Cleanup
€1, 305'-0" Decon/Dose Reductton
£1. 305'~0" Final Cleanup
System Decontamination
Reactor Coolant System
Non-RCS Systems

Subtotal (Reactor Butiding)

AUXILIARY AND FUEL MANDLING BUILOINGS
Precarations/Support Activities
Characterization
Health Physics Support
gngineering Support
AFHB Decon/Dose Reouction.

Subtotal (AFHE)

RADHASTE MANAGEMENT

POMS TASKS

APPROXIMATE RANGE OF PERSON-REM

EXPOSURE

IMMEDIATE
{(Person-Rem)

POST-POMS
(Person-Rem)

30 - 60 10- 30
0- © 0- 0
1110 - 2450 370 - BT
80 - 130 30 - 6C
1340 - 2940 530 - 1165
1290 - 2840 430 - 55¢
180 - 400 Y100 - 210
710 - 1550 189 - 392
740 - 1630 289 - 610
20 - 40 0- 10
70 - 160 20 - 49
370 - 820 90 - 210
120 - 260 0 - 60
$70 - 1260 180 - 310
10- 20 0- 10
80 - 130 W- 7
6680 - 14690 2240 - 4937
10- 10 0- 0
20 - 50 0- 10
0- 0 0- ©
100 - 220 20 - 42
130 - 280 20 - _ 50
360 - 550 180 - 280
0. -9 230 - ¢S
7200 - 15500 2700 - 5860
4500 - 9800

APPROXIMATE SAVINGS INCURRED BY IHPLEHENIA?ION OF POMS

-3-
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General Comment No. 4 - Practicality of Continued Near-Term Work

As a practical matter, "isamediate cleanup,” while useful as & hypothetically -
bounding case for assesstng the environmental Impact of the POMS proposal, is°
not a viable alternative. To continue cleanup activities in the special case
of TMI-2, beyond those currently planned, would require a sudstantial planning
and engineering effort as well as the development of new technology and
too)ing. It 1s llkely that additional work would require the use of
destructive decontamination.techaiques. Therefore, such an undertaking would
constitute, 1n effect, a new program comparable to decommissioning and would
result in generation of significant quantities of abnormal waste which would
require dtsposal.
allocations are not agequate to accept an influx of the large volume of normal
and abnormal wastes which would require disposal. The GPU Nuctear proposal is
to enter POMS and subsequently undertake further decontaminstion as part of
plant decommissioning. In the interim, it {5 ltkely that the total volume of
future radwaste could be reduced because of efficiencies gained in packaging
ang volume reduction as a result of developing technologles. Thus, from a
ragwaste disposal perspective, there is a clear advantage to placing the plant
In PDMS.

As stated, in our December 1986 plan, PDMS assures a continued safe and stable

TMl-2 plant condition until the time of decommissioning of TMI-1, at which

time both units could be decomnissioned simyltaneously. Two clear advantages

result: :

V. The possibility of decommisstoning activities at TMI-2 affecting
operations at TMI-1 45 ellminated.

2. By performing a common function for both facilities, the workforce can e
utilized more efficiently.

The NRC's aew: decommissiong rute, 10 CFR SO.B2(B)(111), specifically
recognizes the presence of other nuclear facilities at the site to be a factor
in determining the appropriate timeframe for completing 2 decommissioning
safely. : .

Recognition of these issues and consideration of the assoctated advantages to

. be reallzed by placing THI-2 1n POMS should be included in this PELS.

General Comment No.'S - PEIS Summary Table S-1

Table S.1, which summarizes and compares the impacts from NRC's “delayed -
cleanup” and “immediate cleanup” alternatives does not compare the two
alternative cases on a common timeframe. As a result, GPU Nuclear belfeves it
does not present an accurate comparison of these alternative cases. N
GPUY Nuclear has developed a suggested revision to Table 5.1 which portrays a
comparison of like activities. We use 2 common timeframe and the NRC data,
except for the occupational exposure estimates where we use the GPU Nuclear

.~ estimates from Table V.

-8- 0400P
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The three major changes to Table S-1 are proposed by GPU Nuclear:

1. Compare the two alternatives over the same time period (24 years) ;50 that
time dependent factors (e.g., cost, off-site radiation exposure) can be
compared on the same basis;

2. Compare radtological exposures due to these activities to natural
background radiation exposure to highlight their relative insignificance;
and

3. Divide Table $.1 into three separate parts so that similar impacts are
more readily compared.

In addition, 1t is suggested that an appendix (or reference) addressing
collective occupational person-rem estimates be provided to facilitate an
understanding cf the bases of the PEJS estimates. This appendix shoulg be
based on the GPU Nuclear study summarized in Table 1. The GPU Nuclear
person-rem estimates are significantly higher than those presented in the
PEIS. The principal contributors (1.e., 60%) are Reactor Building basement
and D-Ring activities where personnel access currently is limited. Although
POMS envistons maximum use of advanced robotics, such application will be
timiteo in some areas (e.q.. D-Rings) and management of personnel exposure
will be key. Therefore, the natural decay process during POMS, which will
result tn a significant decrease in work area dose rates, will significantly
decrease personnel exposure ang, in some cases, the scope of work required. A
detatied analysis of occupational person-rem costs, the results of which are
summarized above, 15 1n the process of publication and will be forwarded as
Appendix 1A of the Post-Defueling Monitored Storage Safety Analysis Report.

The resultant suggested revisions to the Draft PEIS Table S-1 are attached as:
1. Revised Table S-1 - Radiation Dose Impacts
2.  Revised Table $-2 - Potentia) Health Impacat

3. Revised Table S-3 - Other Impacts

-5- 040QP
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REVISED TABLE S-)

RADIATION DOSE IMPACTSY

NRC [smediate Naturald
NRC Post-POMS Cleanup Alternative Background

Cleanup Alternative Plus 20-yr Storage Radiation

(24 _yr) (24 yr) (24 yr)

Impacts R
Occupational Dose ] 2670-5760 person-rem 7170-15520 person-rea ‘NI
' Bone Dose to the Off-site Population

Maximally Exposed Individual 0.0019 to 0.03€ rem 0.0014 to 0.009¢ rem 4:08 rem

Total Population 99 to 20¢ person-rem 7¢ to 99 person-rem 9 miliion

___person-rem

Tota) Body Dose to the Off-site Population
Hithin a 50-Mile Radius of TMI.2

Maximally Exposed Individual 0.00059 to 0.004¢ rem 0.00059 to 0.001€ rem - 7.20 rem
Total Population ’ 20 to 11€ person-rem 29 to 3¢ person-rem 16 mi¥iton
. person-rem
FOOTNOTES:

L)

b

Off-site doses include the contribution from the NRC's 4-year additional decontamination effort and the
contribution from alrborne releases only during 3 20-year storage period.

Natural background radiation doses are based on NCRP-93 and are calculated based on individual doses of 0.17 rem/yr
bone dose and 0.30 rem/yr tota) body dose. A population of 2.2 million was used to calculate the person-rem.

These doses were calculated by the NRC and represent bounding conditions. There is no significant difference in
the alternatives based on environmental impact. A}l doses are well below 11 of natural background radiation.

. These doses were calculated for the GPU Nuclear PDMS storage proposal as presented in the Environmental Evaluation

for POMS. They are adjusted for a 24-year time period to colncide with the NRC dose calculations. Doses were
calculated using actual source terms. Based on actual experience and technical data for the perfod 1981-87, these
data assume equivalent releases for periods of active decontamination and POMS.

-6- 0400P
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REVISED TABLE S-2

POTENTIAL HEALTH IMPACT
NRC lmmediate
MRC POst-PDMS Cleanup Alternative Natural
Cleanup Alternative Plys 20-yr Storage Incidence
Projected Total Mo. of Cancer Deaths for:
Ooff-site Population 0.0013 0.0004- .. 352,000
Worker Population 0.4 to 0.8 P to2 1600
Projected Mo. of Genetic Disorders® 0.2 to 0.4 0.5 to ! 1,100,000
(of f-slite population)
Individual Risks to Off-site Population
Cancer Less than Less than 16c
' 1/2,000,000,0004 175,000,000,000
Genetlic Disorder Less than Less than 1710
1/27,000,000 111,000,000

Explanat

atton of Health Risk:

a2 This value tmplies that there |s approximately | chance in 1000 that a single fatal cancer may occur among the
2.2 million person off-site population. Moreover, the natural cancer mortality rate among 2.2 million persons is
about 352,000 cases.

The natural inclidence of cancer deaths for the worker population Is 161 of the estimated workforce of 1000 required
for the cleanup phase of elther NRC alternative. ) C

o

¢ Genetic disorders are calculated for the equilibrium condition which Includes 5 generations for the 2.2 milllon
persons for a total of 11 million individuals. HWorker esposure dose almost exclusively accounts for genetic
disorder values and |s incorporated into the off-slite population since future generations of vadiation workers are
the members of the public. .

d The average individua) cancer risk due to PDMS and additlonal NRC-defined decontamination activities would be 1

chance in 2 billion. For the average individual, the natural risk of dying fFrom cancer is approximately | chance
in 6. .

10-9
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REVISED TABLE S-3
QTHER IMPACTS

NRC Immediate
Cleanup Alternative
Plus 20-yr Storage

€24 yr)

NRC Post-POMS
Cleanup Alternative
{24 yr)

Cost (3 Million) 200-320 240-3208
Radioactive Waste Burlal 33,000 to 32,000 to
Ground Volume 74,000 ft3 b 70,000 ft3
€stimate Number of Traffic 0.5 to i€ 1 to3l
Accidents

ésﬂmated Number of Traffic 0.3 to 0.6¢ 1to3
Injuries

Estimated Numuer Of Traffic 0.02 to 0.05¢ 0.) to 0.2

Fatalities

a. The cost is based on the NRC estimate of $170 to $24) million to perform
"{mmediate cleanup” plus the NRC estimate of $3.8 million per year for
20 years to maintain the plant in a stored condition. The cost estimates
are used for purposes of comparing alternatives and do not reflect actual
GPU Nuclear cost estimates. The initial GPU Nuclear estimate of the
relative cost Indicates the NRC's "immediate cleanup” alternative would
be more costly.

b. Advances in waste reduction and packaging technology should result fn & B
reduction in the overall waste volume for this alternative.

c. An assumed reduction in the distance travelled to the off-site burial
site, coupled with anticipated waste volume reductions, shouid cause the

degree to which the environmental assessment favors the NRC's “delayed
cleanup” to Increase.

-B- 0400P
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General Comment No. 6 - Residual Fuel

The goal of the current defueling program s to remove greater than 99% of the
fuel. The Reactor Vessel (RY) will be defueled to the extent that
subcriticality can be ensured. Ne call to the Staff’'s attention the
information contained in Technical Specification Change Reguest No. 53,
submitted via GPU Nuclear letter 4410-87-L-0042 dated April 23, 1987, and
approved by License Amendment MNo. 3O dated May 27, 1988. which noted that the
quantity of residual fuel in the RV may exceed 70 kg. The final quantity of
fuel remaining in the RV will be reported as part of the Defue!ing Completion
Report in accordance with Technical Specification 1.3,

The source term available for environmental releases is relatively insensitive
to the quantity of residual fuel in the Reactor Vessel as the fuel is
contained and subcritical. Thus, the overail conclusions of the PEIS do not
change because this fuel will de contained within the Reactor Vessel and
cannot contribute to the Reactor Building atmospheric retease source term.
Bounding calculattons for purposes of total environmental assessment need not
await the Defueling Completion Report. They can be performed now based on an
assumed residual fuel Inventory of 11 of the original core inventory as

2.2
2.3
2.2.2.3
2224

AN
A

indicated in the discussion of the comparison of NRC's cleanup alternatives in

Section 3.0, page 3.1, of the PEIS.

-9~ 0400P
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SPECIFIC COMMENTS

Summary and Nomenclature

v/Footnote - See General Comment No. & concerning residual fuel in RV.
xei /ALARA - Should use definition from 10 CFR 20.1

azvi - Milliroentgen and mrem are not units of radicactivity. They sre units
for measuring radlation exposure either in air (roentgens) or $n humans (rem).

xxviti/508 - In addition to radioactive cestum, the Submerged Demineralizer

System was designed to remove radiocactive strontium and many other radiocactive
isctopes present in the radicactively contaminated water it processes.

-10- 0400P
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Section 1
= Introduction

Pages 1.1, 2.30, 2.31, 3.1 - GPU Nuclear currently estimates that at least 992 1.0
of the original fuel inventory will be removed prior to entry into POMS. )
Thus, for purposes of this document, it should be assumea that 1% of the 2 21\1
originai fuel inventory remains at TMI-2. (See General Comment No. 6.) GPU e
Nuclear 15 unable to duplicate the estimated 0.16 percent value quoted on
Pages 2.30 and 2.31 based on the estimated residual fuel values proviges by 2723
GPU Nuclear on Page 11 of the December 1986 report.
:At:s‘:.l‘ 216 - The extent of Reactor Coolant System decontamnation 1.0
Ctivity Vs 1imited to fuel removal ano draintng of the Reac oolar 3
to the extent practical. s ror Coolant Systen 7'1' \Q
Page 1.1 - Treatment of radioactive 1iquids may not be completed prior to {.©

.

entry into POMS as it is Hk?ly that Accident-Generatea Water processing and
reatment of Accident-Generated Water s p
separately in PEIS Supplement No. 2. & 2n3lszed

-n- 0400P
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Section 2

Background Information Affecting Cleanup Alternatives

Page 2.4/Section 2.1.1 - (Second Paragraph) - At the end of 1987, the general
area exposure rates at the 347 elevation were approximately 25 to 35 mR/hr,
with less than 35 mR/hr for most well-travelled areas.

Page 2.9/Section 2.1.1 - (Second Paragraph) - The last sentence should read,
“In addition, a layer of sludge was deposited on the basement floor.”

Page 2.11/Section 2.1.1 - As stated in our General Comment No. 2..GPU Nuclear
Considers the "Cleanup Program” to be completed prior to entry into POMS.

Page 2.11/Section 2.1.1 - Depending on the radioactivity levels of the Reactor
Building basement water, processing may be through SDS and EPICOR 1l or only
through EPICOR I1. This distinction should be acknowledged.

Page 2.1)/Section 2.1.1 - Work being performed in the Reactor Building
basement prior to entry into POMS is primarily being performed in Quadrants |
and 2.

Page 2.12/Fiqure 2.7 - The data presented in this figure should be clarified.
The radiation esposure rates are not general area exposure rates but rather
are exposure rates obtained by use of a shielded directional probe. Most of
the data 1s derived from contact readings. Even the general area readings are
highly directional and do not give an accurate representation of actual
general area esposure rates. Thus, the actua) general area exposure rates,
taken with a non-directional probe, would be lower than the contact exposures
rates but higher than the general area exposure rates identified on this
figure.

Page 2.13/Sectfon 2.).2 - The latter stages of defueling will require cutting
through the lower grid plates and flow distributor forging in the lower core
support assembly.

Page 2.13/Section 2.1.2 - The final storage tocation of the Reactor Vessel
components has not been selected; however, they will be stored In suitable
locations to minimize the potential for migration of fuel or activity to
uncontained areas of the Reactor Building. Suggested rewording of this
sentence would be: “After defueling, reactor internals may be returned to the
vesse! or stored In other suitable locations tn the Reactor Building such as
under shielding in the refueling canal.”

Page 2.13/Section 2.1.2 - The statement that "Defueling will continue until
all the fuel accessible, throughout the reactor vessel, has been removed," myy
not be accurate. GPU Nuclear will remove as much fuel from the reactor vessel
as can be achieved, based on technology, criticality concerns, and ALARA
considerations. Some fuel which is accessible {e.g., thin films on Reactor
Vessel components) may not be practicable to remove.

-12- 0400P
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2.0

estimated core material distribution in the Resctor Vessel 15 as of
Decemper 31. 1987, as stated In the text on Page 2.13.

ge 2.28/Section 2.2.2.3 - The estimate for "somewhat soluble fission
::o;uztsg was calculated based on the ratio of an estimated 21,000 curies of S ES
total cesium remaining to the original estimate of 660.000 curies: i.e., 3.0 ..
of the origlnal activity remalning in the Reactor Bullding. However, in
geriving this estimate, approximately 15,000 curies of c!sium'rema$2|ng in the
“D"-Rings were not considered; thus, the estimate of the remaining “somewhat
soluble fisston products” Yncreases to 5.5% of the original value.
Page 2.29/Section 2.2.2.3 - The-Cs-137:Sr-90 ratio for the 3000 psi concrete 2.2 .3
s1ab wall is approximately 2:1 vice 24:1.

-13- 0400pP
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Section 3

Proposed And Alternative Plans for Completion of TMI-2 Cleanup

Page 3.1/Section 3.0 - Based on current status of the adjudicatory process for

30 Accident-Generated Water (AGW) disposal, there may be AGH in the Auxillary and

3.\ Fue! Nandling Buildings when TMI-2 enters POMS. Specifically, the Fuel Pools
™ may not yet be drained.

Page 3.1/Section 3.0 - The scope of the GPU Muclear proposal is limited to

7L placing TMI-Z in 2 POMS condition. Additional activity and the final
disposition of the plant subsequent to PDMS has not been studied nor is it now
proposed.

. Page 3.2/Table 3.1 - The radtological goal of <35,000 mR/hr for the Reactor

3.0 §u|lding Basement general area exposure rate is based on the expected dose
rates in the basement following the planned scope of work. The actual
conditions in the Reactor Building Basement, following the completion of the
current scope of the cleanup activitles, are expected to range from | R/hr to
greater than 100 R/hr based on the success of those activities In the vartous
areas of the Reactor Building Basement. The llaiting factors will be
accessibility and ALARA conditions.

q Page 3.4/Section 3.1.5 - The ro action alternative should be evaluated on the

T3, \ basis that ali preparation for POMS has been completed and TMI-2 has been
placed !n a safe, stable, and secure condition that represents no risk to
public health and safety.

\\\ Page 3.6/ Section 3.2.1.1 - Presently the only items identified to be
3L preserved for future use following POMS are the mechanical components of the
Polar Crane.

Page 3.6/Section 3.2.1.1 - These sections imply that the current environmental
s3.\.\.\ Page 3.9/Section 3.2.1.3 monitoring program at TM1 wil) be maintained
Page 4.12/Section 4.1.4 unchanged throughout POMS. However, both GPU
3-\.\~3 Nuclear's December 1986 Report on PDMS and our March 1987 Environmental
Evaluation state that the environmental monitoring program at TMI updergoes
continuous review and'modification in response to changing site and plant
conditions. This process is expected to continue during PDMS. However, an
adequate and appropriate site environmental monitoring program will be
maintained throughout POMS to provide coverage for TMI-1 and TMI-2.

Page 3.7/Section 3.2.1.3 - The current plan for monitoring effluents during
3.\.\.-5 Page 3.13/Section 3.2.2.1 passive airflow conditions is to periodically
(semi-annually) perform an assay of the HEPA filter. Based on a known filter
efficiency, the total particulate release to the environment can be
determined. Since filter deposition s cumulative, this method provides
determinative monitoring of breather effluents on a continuous basis.

~14- 0400P
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Page 3.8/Table 3.2 - Although not specifically defined in previous GPU Nuclear
submittals, the continuous sump level monitoring referred to in Table 3.2 is

3013

.via an alarm function. Remote level measuring devices are not planned.

Page 3.10/Section 3.2.1.4 - Princtpal post-POMS activities required to restore

the plant to a conoition similar to a normal plant at end of 1ife include
decontamination of Reactor Coolant System and connecting systems and cleanup 7.\.7.
of the Reactor Building, espectally the basement and inside the D-Rings. POMS

ts a logical *"hold point® prior to decommissioning. The next step (i.e.,

accomplishment of these post-POMS activities) logically s a part of

gecommissioning of the plant.

Page 1.14/Sectlon 3.2.2.1 - Radionuciides specifically assoclated with the = \ 22
fuel debris are Tocated Tn the Reactor Coolant System and connected piping b &
systems.

P'nge 3.16/Section 3.2.2.1 - An assumption that 101 of activation products

become airborne appears to be overly conservative since this activity is
interstitiaily toung to the material it 1s contaminating. X

Page 3.21/Section 3.2.2.2 - These accident analyses assume failure of botn 3.\3
age 3.36/Section 3.3.2.2 stages of a double~-stage HEPA-filter at the "most 322 3
critical time”. This double failure event should be characterized as a very B

7.333

ow probability event. 3.3.0.73
Page 3.23/Section 3.2.2.2 - GPU Nuclear plans to deactivate the SDS system A2
_upon comgletion of AGH disposal; thus, SDS would not be available for 3024

post-POMS activities. A more appropriate assumption is that contaminated
V1quids would be processed by EPICOR II prior to storage tn an outside storage 3.2

tank_pending subsequent disposal. 2.2.2.4
Page 3.26/Section 3.2.4 - Preparation for PDMS could generate some Class 8 2 \q
waste due to the relatively high Sr-90 concentration in contamination at b

. TMI-2. Based on present experience, the estimated ratio of Class A to Class B 3.‘2,'-‘

waste would be approximately 20:1.

Page 3.26/Section 3.2.4 - Radicactive waste would not necessacily be shippes 2 |\
off-site as it is generated. Normal procedures call for waste to be staged ‘
on-site until a sufficient volume is generated to make up a‘_full shipment. = 3. ,‘{

Page 3.26/Table 3.14 - The amount of waste llsted under "Preparations for
POMS™ appear Tow. GPU Nuclear currently estimates that 38,000 cubic feet of C.N
waste will be generated in 1988 with another 9000-18,000 cubic feet estimated

for 1989. Of this volume, approximately 4000-5000 cubic feet would be Class A
waste directly related to preparation for PDMS.

Page 3.27/Section 3.2.4 - Most Class A waste does not require shipment in a ‘
Page F.1/F.1 licensed shipping cask in order to comply with the 7.54
NRC and DOT regulations. Most of this Class A waste is shipped in unshielded

containers of 98.5 ft3 or 1014 ft3. :

.

~15- 0400P
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i
Page 3.27/Section 31.2.4 - The 142 ft3 casks licensed for shipment of Class C
waste are also licensed for shipment of Class B wastes.

Pa?e 3.27/Section %‘2.4 - The assumption that the riqlonal disposal facility
vwill be 500 miles from the TMI site appears to be overly conservative since

the lov-level radioactive waste disposal site will be located in Pennsylvania.

Page 3.27/Sectlon 3.2.4 - In discussing the unique arrangement between GPU
age 3 40/Section 3.3.4 Nuclear and the U.S. Department of Energy (DOE) to
dispose of waste classified as greater than Class C, it should be noted that
the current GPU Nuclear contract with the DOE for this service expires
Oecember 31, 1989. Dfisposal of such waste after that time will require
negotiation of a new contract.

Page 3.34/Section 3.3.2.1 - The Submerged Demineralizer System (SDS) should
not be assumed to be operable for purposes of analysis of the “immediate
decontamination” alternative. GPU Nuclear plans to deactivate the SDS system
upon completion of AGH dtsposal.

Page 3.40/Table 3.23 - Table 3.23 should include the dose estimate for the
20-year storage period after the so-called “tmmediate cleanup” alternative to

provide a more valid comparison to “delayed cleanup.” Based on Table 3.13,
values of 3-20 person rem for this pericd would be appropriate.

-16- 0400P
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Section § ’
Comparison of Environmental Impact of Delayed and Immediate Cleanup

Page 5.3/§e§t|on 5.1 - This discussion refers to an assumed average background
dose ¢ of 87 mrem/yr. The recently revised value of 300 mrem/yr, as
defined in NCRP Report No. 93, should be incorporated.

-11- 0400P
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Appendix F

Waste volume Estimates and Waste Transportation Impacts

Page F.3/Table F.3 - The radionuclides Tc-99 €0.3 Ci/m3) and H-3 (700
Ci/m3) should be agoed to the list of isotopes present at TMI-2 in order to
ensure the accuracy of Footnote (a).

Page F.16/Sectlon F.2.4 - GPU Nuclear experience indlcates :hit'snlpplnq
container leases for type B casks typically average $2000/day.

. -18- 0400P
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Maryland Department of Natural Resources
Energy Administration — Power Plant Research Program

Tawes State Office Building
Annapolis, Maryland 21401

(301) 974-2261
William Donaid Schacter . ' Torrey C. Brown. M.D.
Govermor Secrecary
July 20, 1988

Dr. Michael T. Masnik
TMI Project Directorate
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commisajon
Washington, D.C. 2055%

. REs  Draft Supplement No. 3 to the Programmatic Environmental

Impact Statement Related to Decontamination and Disposal
of Radiocactive Wastes Resulting from. March 28, 1979
Accident Three Mile Island Nuclear Station,. Unit 2
(NUREG-0683)

Dear Dr. Masnik:

The above referenced document has been reviewed by
Maryland’s Departments of Natural Resources and the Environment
and the Governor's Commission on Three Mile Island. We find the
document ‘to be a comprehensive presentation and evaluation of the
licensee’s proposal to delay final decontamination and place the
facility 4in a monitored storage configuration following
defueling, and alternatives to this plan. We concur with NRC
staff that the licensee’s proposal would not have any significant
environmental impact, and, further, that alternatives to this
proposal do not appear to have any significant environmental or
human health-related advantages over it.

The State of Maryland has no objection to approval of the
licensee’s proposal -by the Commission.

sine;:ely, (

'

YAy Y /)
\(a// AN

Richard I. McLean
Administrator, Radioecology

Power Plant Research Program
Department of Natural Resources

RIM/xva

DNR TTY for Deai: 301-974-3683
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July 14, 1988

Dr. Michael T. Masnik

Senior Project Manager

TMI Cleanup

OWFN 13D16

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Dr. Masnik:

As chairperson of Three Mile Island Alert (TMIA)}, 1 would
like to comment on NUREG-0683, Programmatic Environmental Impact
Statement Related to Decontamination and Disposal of Radioactive
Wastes Resulting from March 28, 1979 Accident, Three Mile Isiand
Nuclear Station, Unit 2. The NRC staff has endorsed an
insufficient plan for delayed cleanup of Unit 2.

This plan lacks firm regulatory requirements. The summary
states that the duration of the storage period during delayed
cleanup was not specified by the licensee, so the NRC staff
assumed a storage period of twenty years. If the staff feels
that twenty years is appropriate, why is it not specified that
the duration of the storage period will not exceed twenty years?
Where are the regulatory guidelines? What is to stop GPU from
writing their own rules?

The PEIS is filled with references to the staff’s approval
of procedures based on assumptions. For example, on page 3.10,
"By the end of POMS it is expected that the licensee will have
made a decision on the future disposition of the plant and the
final cleanup will be performed,* and on page 3.23, "Although the
licensee has not made any detailed plans for the cleanup
following PDMS, it is assumed that during the cleanup, the
contaminated liquids would be processed through the $DS and could
be stored...before being processed through the EPICOR Il system."
Such assumptions are made repeatedly throughout the PEIS.

In addition, a glaring inconsistency with the staff’s

previous position on monitored storage of wastes was apparent in 7,’5_\:)_

their support of the licensee’s PDMS proposal. The staff
justified this proposal by stating that there would be less
occupational dose contamination due to radioactive decay during
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the storage period (PEIS 1.0). Four pages later, the staff
stated that after the completion of cleanup, the radiation levels
in the TMI-2 reactor would be primarily due to cesium-137 (PEIS
2.1). Now, cesium-137 has a half-life of 30 years, so it would
take 30 years for just half the total guantity of the cesium to
decay. It would take approximately 300 years for this
radioactive material to decay to insignificant levels. Twenty
years is obviously not long enough to make a significant
difference. ’

When members of the public asked the NRC to maintain the 2.3
million gallons of radiocactive waste water in monitored storage
on the island, rather than evaporate it, the staff unequivocally
vetoed this plan. On page 7.4 (7.1.8) of the final PEIS dealing
with disposal of the accident-generated water, the staff
explained that "in the absense of overriding benefits associated
with storing waste onsite, the staff believes that waste should
be disposed of as expeditiously as possible. In this case, the
staff concluded that there is no significant benefit from
continued onsite storage (of the water}." It was noted that the
tritiated water would remain radioactive for such a long time,
that indefinite storage would have a negligible effect on the
amount of radioactivity. However, the contamined water contains
tritium, which has a half life of only 12.3 years, less that half
that of cesium-137.

It was also noted (PEIS 1.0) that anticipated advances in
decontamination technology are expected to occur within the next
twenty yecars, while the still-contaminated Unit-2 reactor is in
monitored storage. (This very arqument was rejected by the staff
when citizens asked that the tritiated water be held on site,
until a better method of disposition is available, instead of
dispersing it into the atmosphere.) The NRC has made no
commitment to the public to pursue research on decontamination
technology.

And finally, the NRC has neglected to make even a marginal
show of good intent to the public by requiring GPU to demonstrate
financial ability to pay for the final cleanup of Unit 2, some 20
years hence. The NRC is making a mockery of the regulatory
process’  because it refuses to direct the utility to establish
the means by which it can guarantee future funds for the cleanup.
Responsibility to the ‘public is completely overlooked. -

It is a fact that utilities constantly underestimate the
costs to build and maintain nuclear power plants {including TMI),
and routinely run into huge cost overruns. It is just as likely
that this will occur following PDMS. The NRC is simply choosing
to ignore the likelihood that funds will not be available, and
that ratepayers will be forced into rateshock, when GPU must find
the money to decommission Unit 1 as well as complete the cleanup.
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The PEIS is a shockingly inadequate document. Clearly the
NRC staff has chosen to take no responsibility to recommend
stringent regulatory guidelines for a safe cleanup of Unit 2.

Sincerely,

Ga . HereFenh

Vera L. Stuchinski
Chairperson, TMIA
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No. 14

e July 10, 1988

Zr. . ichael I. _.asni..,
.ifice of luclear ‘:actor zegulation,
U.3., lluclear xeguletory Couuaission,

iasanington, >.C. 20355

ceboran Zavengort,

_.ecber, <Concerned ..others
and «omen ,

1802 larket 3treet,

Cacp Eill, Fenna. 17011

Dear Jr, rasnik:

I'm writing with soze brief comments on Kureg-0663, Supplecent 3,
dealing GPU Juclear's projected plans for the decontazination and
disposal of wastes irom Three - ile Island Huclear 3tation, Unit 2.
rlans whica I feel are inadequate to protect the ihealth and safefy
of people in this area. And they are plans which are also precature,
since the results of testing sn various areas, and conponents

of the plant have not been coampleted, WJithout adequate testing, and

full release to the public of their results, whether from the past ten
years or a future date, it would be very difficult for anyone
to state that GPU's slans iupose a Zelayed Cleanup on the TiiI area
was the best possible alternative to follow re, the completion of the
T 1 Cleanup.

- Assessuents of the potential for criticality or Zuel debris left

within the reactcr wzssel its2lf, i3 of particular concern, and should

be so, Already, 37U luclear zas applied to rewove criticality wonitoring

frou tine reactor vessel, via the Cederal Register, without xowirg
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J. Zevenport, <co..ents o ¥II3 for Jelayea

2s Zort.

clzanug plans o

o tihe state oi the bottow of tie reactor vessel itseir, T aTure

&i.«

ant a.ount S the aterials, (core debris), withis it. In aduit:in,

tot area u.der tine reactor vessel, has barely been testei at sll,

or so we nave been told by The GFU luclear Corporation; nowever, state-

Ead

: .ade tu that orl

fact, during VeIl Advisory Panel

-.2ating of ..ay 26, 1988 ,

BN
by Franx Standerfor of GPU indicate taat
soze unusual assurptions about the sump in question were already teing
zade. r, Standerier stated that the high levels of radiation swmmme vere
vreventing the testing in full , of the area directly below tnoe reactor
vessel, and ilndicated that said radiationwas couning froc shine.emanating
froz the bottor of the reactor vessel, which could not be shielded as
Fuel Yebris in the

. Cousl
not tc oe the anm

it was in other areas around the reactor vessel.
réactor vessel sumnp was essentially asswused by GPU,

of hign reading?below the reactor vessel.

There is water in the sump below the reactor vessel. How uuch water

?

is there, and how contaminated is the water.S It would seer incredible,

that the suwp water, would not been coataminated” to a wueasurable degree,
as per other accident generated waier., Concerns tor that area of THI2 do

not appear to be adequately answer®ed to date, particularly re. tossible

future w zonitoring.

raactor

criticality concerns, present ,

concerns, and cleanup, A fuller assessuent of zaterials in tae

coolant systeis would also be welcowe before the HRC approves aany sian

to let GPU Yuclear apply their own rendition of SAFESTCR to T.I 2. Again,

assessuent of fuel debris in all areas will prove more difficuit because
GFU was already granted exemptions in accounting for , and testing core
tize ago.

debris characteristics berore shipuent to DCE, this was soua
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5till a fuller testing , and accounting prograc now ulght answer more
fully questions waich xust be raised by GFU's prezature lelayed

Cleanup priposal, ans the $XC's PEIS aseessment of that plan as safe.

Regarding future zonitoring of THI2, I'm again railsing deep concern
that any monitarinsithat might detect incidents or events of criticality
be re-oved froc any area, parcicularly the reactor vessel., Ditto
fire equipzent, It‘more radioactive materials are to be left throughout
tne plant, full zonitoring capabilities should be maintaineé.. In
addition, the projected plans for monitoring should include checks of
the air in what 1 assuze is the stack past th; HEPA Filters when buiding

entries are not in progress, via "rassive ventilation®.

Finally, I am deeply epposed to a delayed claahup, because

of the changes that could occur in laws over a period of time, Ve
nave no solid guarentee, that over time, waste disposal requireazents
cight be changed in some ways that would vrevent the removal of

accident wastes from TMI2. Thrsugh the reclassification of waste

categories, changes in state or federal regulations, this area might

be left with an excess of THI2 Radiocactive wastes on thc island itself,

Yihile the C,0.Z. iemorandum of Urdersianding is siill upneid, and
sites such as Barnwell remain open , - 1t would seem the course ¢f

wisdon to continue the cleanup. I ac aware of the dangers that populations

outside the area face in the transportation of waste; however, I

feel an event of any significance here, at TiI2, would have ‘evep graver

consequdances. For some forseeable future, it sits next to Unit 1, an

overating nuclear plaat; an accident in Unit 2 of any "significant
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sagnitude, could affect Unit 1,. causing an umsafe situation re. that

plant as well, In addition 71 is located too near population centers,
and is situated on an island on a river which afiects wany zorepeople.
igain removal frox the area would then seeu the greater course of wisdox,
Three ile

than running tae riss of storing such wastes, forever, &

Island., The current baciiup of fuelrods at teacnbotton somewhat illustrates

, at present, Wwhat I thinic migat happen here in the Iuture,

There is not a doubt that doses to workers uight be somewhat reduced
by‘a aeiayed Cleanup, however, accepting the statesents made that alcost
all the noble gases were released during the accident, and the possibiiity
that , for that reason,A and others, doses to surrounding populations .
would be equal, -uith or without a delayed cleanup, accesting the current
risk and continuing to clean the plant. ‘ie have absolutely no guarentee
of future future funding being available to cozplete the cleanup,certainly
pot from the GFU Nﬁclear Corporation. "It the excuse arises to get out
of appropriating funds to clean uﬁ_THI at some future time, I'm certain
GPU will take advantage of it. %hether in 1990, or past the year 2000,

G#U will probably recain the same, 1if they still exist.

4irea residents should be spared further burdens, and ¥ extension
of the tyranny of fear imposed upon them for over ten years by the GPU
COrporstioni at least in regard to Unit alshoud be end;d with an

and full cleanup.

i{unediate, If there are areas of the plant too hot

to clean now, perhaps the public is due a fuller explanationas to why

‘that might be so; if not, icpossible, the cleanup should proceed.

Sincerely,
wtt Dty i
8 ). Wafar Jf
e"\'f'M, @; Ay
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No. 1§

ynitea States Sod
Depanmaent ot Conservanon 228 Walnut Stree:, Room 835)
Service

Agricuture Box 985 Pederal Sjuare Staction
Harrisburg, PA 17108-0985

July t8, 1988

Dr. Michasl T. Masnik, Project Manager
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Coamission
Washingtoa, D. €. 20555

Dear DOr. Masnik:.
We appreciate the opportunity to review the DEIS for the

Three Mile Island Stacion, Unit 2 (Docket No. 50-320). At
this time, we have no comments.

Sincerely,

,,Qa . B Zeniot, 455"1'

RODNEY J. MAYS
Assistant State Conservationist
for Natural Resourcaes

[-1-%1
Jaces B. Newman, Director, Bcological Sciences Diviasion,
§CS, Washington, D. C.

Tne Sad Conservaton Semnce
/8 an agency of ine .
Oepartment of Agricuture
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BB Nuclear

No. 16

QPU Nuclear Corporation .

Post Office Box 480

Route 441 Sauth

Middletown. Pennayivania 17057-0191

717 844.7621
TELEX 84-2308
Writar's Oirect Diai Number:
{(717) 948-8461
duly 14, 1988
4410-88--0114/0400P

Or. Michael T. Masnik
Senior Project Manager

OWFN 13016
US Nuclear Requlatary Commission
Washington, OC 20555

Dear Dr. Masnik:

Three Mile Island Nuclear Station, Unit 2 (TMI-2)
Operating License No. DPR-73
Docket No. 50-320
Draft Programmatic Environmental Impact Statement, Supplement No. 3

GPU Nclear letter 4410-88-1-0097 dated July 12, 1988, which transmitteda GPU

Nuclear's comments on the draft Programmatic Environmental Impact Statement,

Supplement No. 3, contained several minor errors which snould be correcteq.

The attached pages correct those errors and replace the pages providea in our

original transmittal.

If you have any questions on tris& comments, we will be pleased to answer them,
ncerely,

/;

F. R. Stangerfer
Oirector, TMI-2

JXB/emf

Attachment

cc:  Senior Resident Inspector, TMI - R, J, Conte
Regional Aaministrator, Region L ~ w. 7. Russell

Director, Plant Oirectorate IV - J, F. Stolz
Systems Engineer, TMI Site - L. H. Thonus

GPU Nucisar Corporation is a subsidiary of the General Public Utiliies Corporation
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ATTACHMENT
4410-88-1-0097

Additional near-term activities, while further reducing remaining radicactive

contamination at TMI-2, are not necessary to ensure the public health and
safety and are not consistent with the ALARA principle. These activitias are
not part of the "Cleanup Program” but rather will be accomplished as an
integral element of decommissioning. This distinction should be addressed tn
the PEIS since these agditional activities, whenever accomplished, will
require considerable occupational exposure with no measurable increase in the
margin of safety arfordea by POMS.

General Comment No. 3 - Worker Radiation Exposure

The NRC has included estimates of the occupattonal radiation exposure for the
PDMS proposal and the primary alternative actlon. GPU Nuclear has recently
completed & task by task study of the occupational radiation exposure for
these alternatives and these estimates are summarized in Table !. These GPU
Muclear estimates indicate a significantly larger person-rem savings than is
indicated In the Oraft PEIS. Thus, there is a greater ALARA incentive to
adopt the PDMS proposal over the primary alternative. Moreover, if, as GPU
Nuclear has proposed, final disposition of TMI-2 occurs at the time of TMI-I|
decommissioning, the person-rem savings could be even larger.

Consistent with the original PEIS TMI-2, NUREG-0683, 1981, GPU Nuclear views
the occupational dose savings as the dominant consideration in evaluating the
POMS alternative. The PEIS should emphasize that the POMS condition poses no
risk to public health and safety; in fact, the potential releases from TMI-2
during this perlod are expected to be much less than those analyzed in
NUREG-0112, “The Final Environmental Impact Statement Related to the Qperation
of Three Mile Island Nuclear Statfon, Unit 2.% On balance, the significant
reduction in occupational exposure as a result of POMS more than offsets even
the maximum hypothetical environmental effect. Thus, a clear advantage for
POMS 15 demonstrated.

“2- 0400P
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SUMMARY OF GPU MUCLEAR PERSON-REM ESTIMATES

TABLE t

ADUIT[ONAL DECONTAMINATION ACTIVIFIES
REACTOR BUILDING
Preparations/Support Activities
Characterization
Ventilation Control and Area Isol.
Health Physics Support
Engineering Support
Basement Seneral Cleanup
Basement Cubicle Cleanup:
Basement Block Wall Removal
D-Ring Dose Reduction
0-Ring Final Decon
Dome and Polar Crane Decon
El. 347'-0" Decon/Dose Reduction
El. 247'-0" Final Cleanup
El. 305'-0" Decon/Dose Reduction
€1. 305'-0" Final Cleanup
System Decontamination
Reactor Coolant System
Non-RCS Systems

Subtotal (Reactor Building)

AUXILIARY AND FUEL_HANDLING BUILDINGS
reparations/Support Activities
Characterization
Health Physics Support
E