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LIQUID METAL FAST BREEDER REACTOR PROGRAM
U.S. DEPARTMENT OF ENERGY

A Final Environmental Impact Statement (EIS) for the U.S. Liquid Metal
Fast Breeder Reactor (LMFBR) Program was issued by ERDA in December 1975
(ERDA-1535). This supplemental EIS focusses on changes in the LMFBR
Program since 1975 and new information related to the environmental impact
analyses in ERDA-1535.

The LMFBR program consists of developmental plants, The Clinch River
Breeder Reactor Plant (CRBRP) and the Large Developmental Plant (LDP); the
base technology program, including test facilities; and supporting fuel
cycle programs.

Environmental issues associated with the LMFBR program - health effects,
reactor safety, safeguards and waste management - are addressed. Ongoing
R& programs to resolve these issues are also described.

The following alternatives are analyzed in this supplement:

(1) Alternatives Within LMFBR Program
(2) No Action (Terminate LMFBR Program)
(3) Alternate Long-Term Technologies
(a) Fusion Energy (magnetic and inertial fusion programs)
(b) Solar Electric Systems (wind energy conversion, solar photovoltaic
conversion, solar thermal conversion and ocean thermal energy
conversion)

A Notice of Intent to prepare this supplemental EIS was provided in the
Federal Register on November 2, 1981 (46 FR 211, page 54397).

The supplemental draft EIS was forwarded to the U.S. Environmental Protection
Agency on December 18, 1981 and an announcement of availability was printed
in the Federal Register on December 24, 1981 (46 FR 247, page 62538).
Comments were due February 8, 1982.

Written comments on the supplemental draft EIS were received from the
Department of Commerce, the Environmental Protection Agency, the National
Science Foundation, the Nuclear Regulatory Commission, and several States,
industrial and environmental groups and individuals.

Copies of this supplemental EIS are available upon request from:

Office of Nuclear Reactor Programs,

Office of Assistant Secretary for Nuclear Energy,
U.S. Department of Energy,

ATTN: Mr. Wallace R. Kornack,

NE-6, Room H-404, Germantown, MD 20545

(301) 353-5313
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I. Preface

A draft environmental statement for the U.S. Liquid Metal Fast Breeder Reactor
(LMFBR) program was first issued by the Atomic Energy Commission (AEC) in

March 1974 for review and comment by interested parties. The AEC issued a
Proposed Final Environmental Statement (PFES, WASH-1535) in January 1975, pro-
viding the newly created Energy Research and Development Administration (ERDA)
the opportunity to review the PFES and LMFBR Program before issuing a final
statement. The ERDA Administrator found that the PFES amply demonstrated the
need to continue research, development and demonstration of the LMFBR concept and
that significant problems, including in particular those related to reactor safety,
safeguards, health effects and waste management were unresolved at that time.
Subsequently, the Final Environmental Statement (FES) was prepared and issued

as ERDA-1535 in December 1975, incorporating the PFES by reference.

In the ERDA Administrator's findings on the PFES, issued on June 30, 1975, it
was noted:

“...as the program develops and significant new information pertinent to

the commercial deployment issue is generated, ERDA will update the

existing Environmental Statement or prepare a Supplement to it...as may

be appropriate and consistent with the National Environmental Policy Act."
The LMFBR program has progressed significantly since the issuance of ERDA-1535.
A number of factors in the intervening six years have changed the LMFBR
program and pertinent new information which may be relevant to environmental
impact analysis has been developed, and the Department of Energy (DOE) has
concluded that this supplement to the LMFBR Program FES is appropriate in that

it would further the purposes of the National Environmental Policy Act.

In April 1977, the previous Administration deferred any U.S. commitment to

advanced nuclear technologies that were based on the use of plutonium. In




addition, it decided that the U.S. would defer indefinitely commercial repro-
cessing and recycling of plutonium. Consequently, that Administration proposed
to cancel the Clinch River Breeder Reactor Plant (CRBRP) project. Research

and development activities were to be continued. At ERDA's request, the U.S.
Nuclear Regulatory Commission (NRC) suspended the licensing proceedings
regarding the CRBRP. Congress, however, continued to authorize and appropriate
funds for CRBRP, and design and component fabrication activities have continued
until the present. At the present time, design work is about 90 percent com-
plete and about 60 percent of the hardware has been delivered or is on order,

amounting to about $600 million.

Though work on the CRBRP was significantly slowed over the intervening years,
very significant progress was made in other elements of the LMFBR program.
For example, the Fast Flux Test Facility, a major fuels and materials test
reactor, was brought to initial criticality in February 1980, and having
undergone a successful startup test program, is now being operated at full

reactor power.

The decisions made by the previous administration were modified on October 8,
1981, when President Reagan announced that he was 1ifting the suspension on
commercial reprocessing, and directed government agencies to proceed with the
demonstration of breeder reactor technology, including completion of the

CRBRP.

The LMFBR program described in ERDA-1535 contemplated gradual scale-up of
demonstration facilities with government participation both in early com-
mercial breeders and ultimately in making a decision with respect to the
acceptability of widespread commercial deployment of LMFBR technology. There

have been changes to the emphasis of this program, the most important of which




is that the decision on deployment and commercialization of the LMFBR will be made
by the utility industry. The government role will be limited to early develop-
ment of the technical, engineering and industrial base needed to lower risks and
uncertainties to levels consistent with normal commercial ventures and to demon-

strate the safety, envirommental acceptability and economic potential of LMFBRs.

This supplement examines the reduced scope of the program and the environmental
impacts associated therewith. This includes a re-examination of the purpose
and need and timing of the program, the present program structure, including
reasonable program alternatives, and alternative electricity production
technologies anticipated to be available within the same timeframe as the

LMFBR technology option.

Moreover, this supplement documents new information pertinent to the environ-
mental issues associated with the program, such as LMFBR safety, safeguards,
waste management, and health effects. It is not intended to address issues
for which little additional information has been generated since the 1975
review. Thus, except as they are examined in this supplement, the evaluation
contained in ERDA-1535 of the envirommental impacts associated with commercial

deployment of the LMFBR technology are still considered valid by DOE.

Cost/benefit analyses of the LMFBR program were included in WASH-1535 and
ERDA-1535. However, no such further cost/benefit analyses have been performed
and none, therefore, are included in this supplement for this and the following

reasons;

1. Cost/benefit analyses are not required in an EIS (see CEQ regulations,

40 CFR 1502.23),

2. Cost/benefit information for alternative long-term technologies

(fusion and solar electric) has not been developed to a degree

3 f




that would make cost/benefit analyses of these alternatives meaningful,

and

3. Parameters (e.g., diséount rate(s), LMFBR introduction date(s), future
nuclear capacity, future cost of coal) used in complex cost/benefit
analyses of the LMFBR are so uncertain at present that the value of
such analyses would be questionable. It is a goal of the breeder

research and development program to reduce such uncertainties.

In addition to this supplement that updates the environmental review of the
total LMFBR program, discrete NEPA reviews have been undertaken by DOE, and
its statutory predecessors, in connection with specific decisions involving
major facilities within the program as described in the following table.

Furthermore, the NRC issued a Final Environmental Statement on the construc-

tion and operation of the CRBRP in February 1977 (NUREG-0139).

Facility Document(s)* Date
Fast Flux Test FeIs! May 1972
Facility (FFTF)
Safety Research 2
Experiment Facilities FEIS September 1977
Maintenance and EA3 May 1980
Storage Facility FONSI May 1980
Fuels and Materials EA4 May 1980
Examination Facility FONSI July 1980

EA Supplement August 1981

*FEIS Final Environmental Impact Statement
EA Environmental Assessment
FONSI  Finding of No Significant Impact
1. WASH-1510, FFTF Environmental Statement (AEC).
2. ERDA-1552.
3. DOE/EA-0111.

4. DOE/EA-0116.




In addition to the main body, the following appendices are provided.

Appendix A contains information concerning U.S. uranium resources. Estimates
given in ERDA-1535 are contrasted with data from the NURE program and other,
more recent evaluations. Basically, current estimates indicate about 50

percent more uranium than was indicated by the previous estimates.
Appendix B contains additional waste management program information.
Appendix C contains excerpts from the CRBRP Safety Study.

Appendix D contains additional information on plutonium toxicity, related to

Section VI. A. (4).
Appendix E contains LMFBR safety program accomplishments (1976-1981).

Appendix F contains a discussion of the role of nuclear energy and electricity

in meeting future U.S. energy needs.
Appendix G contains a discussion of how the CRBRP site was selected.

Appendix H contains comparative information on health effect risk estimates

for low LET radiation.




II. Summar

Nuclear-generated electricity will play an increasingly important role in
energy substitution as petroleum and natural gas become more scarce and
expensive. Even though significant benefits are being derived from conser-
vation measures, historical trends strongly indicate that future economic
growth will be linked with increasing energy consumption. Much of the future
growth in energy supplies will 1ikely be met by increased production of
electricity. Of the fuel alternatives for electricity production, only coal
and uranium offer much potential for the generation of large amounts of

affordable electric energy into the early part of the next century.

Deployment of current-generation 1ight water reactor (LWR) plants will ulti-
mately be limited by the availability of economically recoverable uranium ore.
Creating an essentially inexhaustible supply of energy from uranium requires
development of breeder reactors, which can extend the energy recoverable from

uranium ore by about a factor of 60 over LWRs.

Research and development activities on promising long-term options, such as
the LMFBR, fusion, and solar electricity technologies, are required to meet
the future U.S. energy needs. Because of the relatively advanced state of
LMFBR technology relative to other large-scale options, it is the surest of
the inexhaustible supply options. If fusion, solar electricity, and the LMFBR
development programs were all successful, the contributions of each would
depend on their economics, among other important factors. Because today the
LMFBR is presently in the most advanced stage of development, it provides the
insurance against failure of the other long-term alternatives to develop in a

timely way, and against the failure of coal to meet expectations. In this




sense, the LMFBR could contribute vitally to the future prosperity and security

of the nation.

The LMFBR is a complex undertaking that still requires years of intensive work
before its technology is developed to a point of acceptable commercial risk.
Technological feasibility has been demonstrated in a number of small and
intermediate size LMFBRs built and operated in the U.S. and abroad. Future
LMFBR progress will rely on the successful development of near commercial
scale engineered systems rather than on significant technological break-

throughs.

Since 1975 there have been changes in the LMFBR program, but the analysis in

this supplement shows that new information concerning environmental issues
developed since ERDA-1535 does not indicate any significant or substantial
environmental impacts that were not evaluated in ERDA-1535. The number of

major facilities planned for the current program, or for which federal partici-
pation is contemplated, is reduced from the level discussed in the FES (ERDA-1535).
Thus the environmental impacts of the current LMFBR program would be less than
those that would have been associated with the program described in ERDA-1535.
Moreover, progress has been made in addressing enviromnmental issues that were
jdentified in the ERDA Administrator's findings on the PFES as key to the

determination of acceptability of the LMFBR for wide scale development.

Current LMFBR development planning includes, among other things, the construc-
tion and operation of the intermediate-size Clinch River Breeder Reactor Plant
(CRBRP) as soon as possible, and the planning, in cooperation with the private

sector, for the near-commercial size LMFBR developmental plant. Because of the




long lead-times involved, even with vigorous pursuit of this plan, a
commercially viable LMFBR and significant LMFBR market penetration are decades
away. Although there is uncertainty as to precisely when the LMFBR will be
economically competitive with alternatives, prudent planning indicates that
LMFBR development should be geared toward potential deployment early in the
next century. This necessitates that the program progress expeditiously even
at the risk of developing the option before it is economically competitive

with LWRs. The consequences of early development, however, are minor compared
to the risk of possible electricity shortages and economic penalties associated
with late development. Furthermore, significant program delays may destroy

the continuity that is essential to any high technology development program.




The LMFBR Program

The goal of the breeder program is to ensure that a proven long-term electricity
supply option is available on a prudent time scale. To accomplish this goal

the U.S. LMFBR program is established with the overall objective of developing
the technical, engineering, safety, environmental, economic, licensing, and
industrial data base that will be required for the design, construction, and
operation of future LMFBR power plants on a utility grid. The program consists
of three broad elements that are essential to meeting this goal; (1) construc-
tion and operation of developmental plants, (2) a supporting base technology

program including test facilities, and (3) supporting fuel cycle programs.

Construction and operation of the developmental power plants is essential to
the advancement of the state of LMFBR technology. Each plant is sized such
that it represents a significant step towards establishing the technology
needed for eventual commercial breeder reactors, but does not entail excessive

engineering risk in scale-up.

The base technology program provides the basic data, processes, methods,
components, and systems that are utilized during the entire course of the
LMFBR program in the design, construction,.fabrication, testing, licensing,
and operation of LMFBR power plants. While the base technology program
directly supports the needs of each plant project, the projects in turn feed
back the key information to the base technology areas that make program

optimization possible.

s —)

Concurrent development of other elements of the LMFBR fuel cycle (reprocessing,
fuel fabrication, transportation, and waste management) is recognized as ‘
essential to any assessment by the nuclear industry of readiness to deploy

breeders in significant numbers. '




Construction and operation of the 350 MWe net CRBRP is the current focal point
of the LMFBR program. The CRBRP represents a technology scale-up step that is
firmly within the size range commensurate with sound engineering practice,

and that has been planned or taken by all nations making substantial commit-
ments to an LMFBR program. The CRBRP will help demonstrate the technical
performance, reliability, maintainability, safety, environmental acceptability,
and economic feasibility of an LMFBR central station electric power plant in a
utility environment. It will also confirm the value of this concept for

conserving important nonrenewable natural resources.

Work on the final design of the CRBRP as well as its associated R&D is almost
complete. Hardware manufacturing is continuing from its present level of
about 60% delivered or ordered. Construction on the site has not been
initiated. Obtaining site work authorization from the NRC is currently an
intensive part of an expedited project effort to have the CRBRP in operation

as soon as possible (i.e., by about 1990).

LMFBR program planning also calls for planning, in cooperation with the
private sector, for the design, construction, and operation of a large
developmental plant (LDP) to follow, and incorporate the results of, the CRBRP
as the next step in LMFBR development. It is anticipated that the major
portion of the construction costs of a large developmental plant would be
borne by the private sector. The LDP project has progressed to the stage of
advanced conceptual design of the more critical components of the plant. In
addition, large plant studies will evaluate plant siting criteria, develop
design and construction schedules, identify R&D requirements for the base

technology program, prepare implementation plans, and establish detailed

cost estimates. Successful operation of the LDP, together with the FFTF and




CRBRP experience and results from the supporting base programs, will signal to

the utility industry the viability of the LMFBR for commercial development.

The base technology program has proceeded essentially along the lines out]ihed
in the FES, resulting in significant progress over the past six years.

There are five main elements of the base technology program.

(1) The safety program provides the technology base that helps
assure the safe design and operation of LMFBRs.

(2) The components program places emphasis on development and testing
of large steam generators and primary coolant pumps, in addition
to developing other critical components such as fuel handling
equipment, intermediate heat exchangers, small valves, and instru-
mentation and controls.

(3) The materials and structures program develops the guidelines for
high-temperature structural design, seismic design, sodium system
design and nondestructive testing of LMFBR components and systems.

(4) The physics program provides the critical measurements, nuclear data,
and computational methods that are required for the design and opera-
tion of developmental breeder plants.

(5) The fuels and materials program encompasses the development of fuel,
blanket, and control core components for LMFBRs; the development of
materials for use in these components; and the development of equip-

ment, processes, and facilities to fabricate fuel.

The fuel cycle program is conducting the research and development and plant
development needed for a self-sufficient fuel cycle. Programs for fuel
reprocessing, fuel fabrication, and waste management are being planned and
conducted to meet not only the immediate needs of the LMFBR program, but also

to establish the foundations necessary for commercial scale-up, as appropriate.
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Program plans for near-term facilities are modest compared to those for facili-
ties capable of supporting 80 large LMFBRs, as described in the FES. Environ-

mental effects should therefore be no greater than those described in WASH-1535.

Alternatives to the Proposed Action

Alternatives within the LMFBR program as well as alternatives to the breeder
are discussed. The reasonable alternatives within the program include;

(1) termination of the CRBRP and proceeding directly to the LDP project,

(2) completion of the CRBRP as the last developmental plant of the overall
program (i.e., no LDP), and (3) termination of both developmental plant

projects.

The gains from these three alternatives are the financial savings from
eliminating the construction cost of each respective plant, as well as avoiding
the envirommental impacts associated with construction and operation. In the
first alternative, the termination of the CRBRP Project, the scale-up of LMFBR
technology from small plants to near-commercial size would be aécomp]ished
through results of the base technology program and the operational experience
of the FFTF. Major losses would be incurred in early data on startup, opera-
tion, individual component performance, overall plant performance, reliability,
environmental impacts, and maintainability of an LMFBR in a commercial utility
enviromment. Utility participation in LMFBR construction and operation would
also be lost, with attendant erosion of utility confidence. By requiring such
a large scaleup step, this decision would also be a break with sound engineering
practice. The problems that would result from CRBRP cancellation would

increase the risk that the LDP would have major problems, which would negate

any possible cost and time savings and could possibly jeopardize the goal of

the LMFBR program for supplying the nation with an important long-term energy

option.




In the second alternative, the elimination of the LDP, the program is disrupted
and foreshortened. The implication of this action would be that the base of
technology and engineering needed for establishing the viability of the breeder
for commercial application by the nuclear industry would be incomplete.

Because the CRBRP is not intended to establish breeder economics, an LDP-type
plant is required to demonstrate the economic and technological viability and
technical acceptability of a commercial-size LMFBR. Extensive delay in the
LMFBR program brought about by eliminating the LDP could result in significant

losses in the technically-trained LMFBR work force.

The third alternative is the cancellation or deferral of both developmental
plants with continuation of only a generic base R&D program. This alternative
would lead to an indefinite delay in any potential deployment date for LMFBRs
because licensing and plant operating experience would never be obtained.

Even the remaining base program would lose focus without specific plant
projects on which to concentrate its efforts. Many of the opportunities for

the involvement of utilities and reactor manufacturers would be lost also.

In the no action alternative, the entire LMFBR program would be terminated.
Such a termination would mean turning away from 35 years of progress in
developing a technology which has an excellent potential for supplying a
substantial amount of energy in the next century. Technological feasibility
is proven and no fundamental scientific breakthroughs are required for further
engineering development and eventual deployment. Termination of the LMFBR
program would result in the loss of the existing pool of experienced technical

specialists and in the loss of specialized R&D facilities. Failure to develop

the LMFBR as a long-term electricity supply option would have serious consequences




for the nation should other long-term options either fail to develop adequately
or be constrained in usage, leaving the U.S. vulnerable to foreign energy

supply pressures.

Alternative Long-Term Technologies

The most promising of other technologies that ultimately may compete with the
LMFBR as Tong-term electricity supply options are fusion reactor plants and
various types of solar electric systems. Progress in the development of these
technologies is summarized in this supplement. The goals, accomplishments,
and focal points of both the magnetic and inertial confinement fusion programs
are described. Goals, accomplishments, implementation plans, and problem
areas for four solar electric technologies (wind energy conversion, solar
photovoltaic conversion, solar thermal conversion, and ocean thermal energy
conversion) are addressed. Until these alternative long-term technologies

meet their development goals, it is not possible to determine their competi-

tiveness with the LMFBR.




Environmental Consequences of LMFBR Program and Alternatives

Reactor Safety

In the period since WASH-1535 was issued, there have been no new safety issues
identified which would prevent the design, construction, and operation of safe
and licenseable LMFBRs. The safety research and development program continues

to build upon the comprehensive base of safety-related information (as described
in the PFES and FES) aimed at providing realistically conservative LMFBR

power plant designs and resolving safety issues so as to assure the breeder's
acceptability to regulatory authorities, industry, and the public. Substantial
progress toward the resolution of key safety questions has been made. Results to

date include the following:

0o Designing systems and structures in LMFBR plants to be highly reliable
has been and remains the most important element in assuring plant
safety. In this area, substantial evidence from component and system
tests along with a more 1imited data base from operating plant experi-
ence is now available to support analyses which predict very high

reliability for LMFBR shutdown and shutdown heat removal systems.

o It has also been recognized that LMFBR plants can be designed to have
intrinsic response modes which provide a further barrier against
accident occurrence, should key systems fail. In this area, tests at
FFTF have demonstrated that natural circulation is a practical method
of removing decay heat from the primary sodium system during loss of
electrical power events and consequent 1oss of power to primary pumps.
Furthermore, the test results have confirmed that the analytical
models used to predict natural circulation under various conditions

are both accurate and valid.




0o Despite the high degree of assurance that core-disruptive accidents are
very improbable in LMFBR plants, efforts have continued toward reducing
uncertainties associated with the ability to predict the consequences of
these accidents. Progress has been made in each of the areas associated
with core-disruptive accidents that were addressed in ERDA-1535. This
progress provides further assurance that CRBRP can meet requisite safety

requirements in this area.

A number of additional safety issues have arisen since ERDA-1535 was prepared.
FFTF and CRBRP safety review activities highlighted the need for more research
on core debris accommodation. The current technology base supports the
adequacy of core debris accommodation capabilities of relatively small plants,
such as CRBRP. Additional work is underway which addresses this issue for

larger plants.

The Three Mile Island accident underscored the safety importance of the man-
machine interface. Many 1ight water reactor developments in this area will
apply to the LMFBR. Nonetheless, LMFBR-specific R&D has been initiated in

particular areas.

Most of the safety test facilities described in ERDA-1535 have been used in

the safety program to obtain data for resolving safety issues. This use will
continue. The Safety Test Facility, a major new transient test reactor whose
need was projected in ERDA-1535, has not been constructed because changes in
the overall LMFBR program coupled with significant improvements in the under-
standing of accident phenomena gained from ongoing tests in existing facilities

now indicate that it is not needed.

The final safety topic addressed in ERDA-1535 was LMFBR risk assessment

methods development. Application of existing methodology (after ERDA-1535 was

16




issued) to CRBRP showed that the risks from operation of that plant would be
comparable to light water reactor risks. Probabilistic risk assessment has

now been further developed, and is used as an aid in the design of LMFBRs.
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Safegquards

Existing safeguards capabilities are designed to deter, detect, respond to

and ihterdict adversary actions. These capabilities have been improved over
the last 6 years (since ERDA-1535 was issued) to assure increased effective-
ness and to further reduce risks associated with adversary actions. Section
VI.A.(2) discusses these improvements and their application to the LMFBR fuel

cycle.

The improvements have been developed to assure that all elements of the LMFBR
fuel cycle will be adequately protected. Over the last 6 years, there has been
a concerted effort to improve the performance of physical protection components,
such as barriers, interior and exterior intrusion sensors, closed circuit tele-
vision (CCTV) surveillance, personnel identifiers, and automatic protective
mechanisms and guard force performance. A number of sensors, such as microwave,
ultrasonic, and buried cable motion detectors, have been tested and proven effec-
tive at identifying intrusions. Effective systems of sensors for surveillance
and evaluation of the seriousness of an incident have also been developed.
Combinations of these technologies have been used at various commercial and
government facilities, such as at Pantex at Amarillo, Texas, and the FFTF at

Hanford, Washington.

Another focus of concern is the control of access into sensitive areas of
LMFBR facilities. Reactors, reprocessing plants, plutonium storage facilities,
and fuel preparation and fabrication facilities all have sensitive areas which
must be protected from sabotage or special nuclear materials (SNM) losses. It
is necessary to assure: (1) that only those who have a need to have access

can enter these areas, (2) that contraband (such as explosives or weapons)

cannot be brought into the areas, nor SNM taken out, and (3) finally that

those that have access can be monitored to prevent a hostile or malevolent act

from occurring.




Not only will the present badge or card key identification systems be available
to control access by individuals to sensitive areas but technologies that
would include more sensitive indicators of identity such as hand geometry
(physical dimension of the hand) have been tested and one or more of these
technologies would be available for application in the future. Equipment to
detect attempted removal of special nuclear material (SNM) has been developed

and is now commercially available.

Another important component of the overall safeguards system for the LMFBR will
be accounting for plutonium moving throughout the system. A variety of automat-
ed destructive and non-destructive instruments for assay of uranium and plutonium
have been installed and successfully tested. Data from the instruments can be

fed into a computer-based acccounting and instrumentation system.

Finally, transportation of nuclear materials has been considered an area of
critical concern, because of perceived vulnerability. When plutonium is trans-
ported, a variety of protective techniques can be used. In particular, DOE now
has extensive experience with transporting significant quantities of SNM employ-
ing its Safe Secure Transportation (SST) system. This includes vehicles with
immobilization devices, and hardened driver cabs. Thus technology and opera-
tional approaches to secure plutonium in transit are available. The actual
manner in which these approaches are utilized for fresh fuel or separated

plutonium would be regulated by the Nuclear Regulatory Commission.

These techniques or technologies can effectively prevent an individual having
access to materials and facilities from engaging in criminal acts, making it
exceedingly difficult and thus undesirable to attempt the theft of plutonium

or engage in acts of sabotage.
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Waste Management

Over the past 35 years, management techniques have been developed and refined
to safely store and control radioactive wastes. Low-level waste is effectively
disposed of in shallow land burial sites at government and commercial facili-
ties. Spent fuel from commercial reactors is stored at reactor sites and at
facilities in Morris, I11inois and West Valley, New York. Defense high-level
waste in liquid form has been stored in steel tanks since the advent of
nuclear energy. DOE is now evaluating sites and designing facilities for the
isolation of high-level and TRU waste from man's environment in geologic
repositories, including wastes from LWRs and LMFBRs. The basic technology is
in hand now for the development of such geologic repositories and candidate
sites are being evaluated. Additionally, current law requires DOE to obtain a

license from NRC before constructing a full scale geologic repository.

DOE plans to construct exploratory shafts at three locations. This is consistent
with NRC Ticensing procedures for a geologic repository (see 10 CFR Part 60).

It is planned that construction of exploratory shafts would be underway at

basalt and tuff sites by the end of 1983 and at a salt site in 1984. A

license application for construction of the full scale repository is expected

to be submitted to NRC by 1988 with operation of the repository expected

before 2000.

In 1985, a site will be selected for the construction and operation of a Test
and Evaluation Facility. A few hundred packages of high-level waste will be
emplaced in the facility to gain experience in the handling of waste, in situ
R&D, occupational exposure control, emplacement techniques and so on, as well
as to verify the adequacy of waste handling equipment designs. The Test and

Evaluation Facility is scheduled for operation by 1989. Extensive and aggressive
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research and development programs are underway to develop and refine the tech-
nology, hardware, and systems that support the program objective--to safely
isolate existing and future radioactive wastes from the biosphere such that

they pose no significant threat to public health and safety.
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Health Effects

ERDA-1535 analyzes the full range of potential impacts of operating an LMFBR
industry. Both radiological and non-radiological consequences are treated in
this analysis. A matter of principal concern were uncertainties associated with
descriptions of the potential human health impacts of transuranic elements
produced and utilized in the LMFBR fuel cycle. The following discussion pro-
vides an update on this issue which incorporates the results of research con-

ducted over the last six years.

Section VI. A. (4) evaluates the potential human health effects due to the
release of transuranic elements that would likely result from operation of an
LMFBR fuel cycle. Evaluations are expressed in terms of a 1000 MWe LMFBR power

plant (and supporting fuel cycle) operating for a year at an 80% capacity factor.

A release of 0.36 mCi of alpha-emitting transuranic elements per 1000 MWe-year
is estimated to occur as a result of normal operations of the fuel cycle.
Accidents are predicted to contribute insignificantly to total releases
because of the low probabilities associated with accidents. The total release
ijs assumed to be in the form of airborne particulates. These are distributed
according to a meteorological model which assumes release from a single point
in the North Central United States, with downwind population density 10 times

the U.S. average.

Deposition in man is assumed to occur as a result of (1) direct inhalation
of the airborne release, (2) inhalation of resuspended material after depo-
sition on the ground, or (3) ingestion of material incorporated in or on

foods. Disposition in man is estimated according to conservative models, for

periods of time extending for the lifetime of the radioactive materials.




Absorption of the transuranics by man, and their distribution and retention
within man, are assumed to follow models prescribed by the International
Commission on Radiological Protection (ICRP) except for one major exception,
where substantially higher estimates for absorption of ingested transuranics
are employed. ICRP procedures are also employed in the calculation of radia-
tion doses to various human organs and tissues which result from transuranic

element depositions.

Evaluation of the possible human health consequences of predicted radiation
exposures is approached from two standpoints. First, the predicted exposures
are compared with measured exposures to fallout transuranics present in our
environment as a result of nuclear weapons tests; to plutonium depositions
that have resulted from occupational exposures; and to natural background
radiation, including that from internally deposited, naturally occurring alpha
emitters. Fallout plutonium in the United States exceeds by a factor of about
50 million the estimated LMFBR release per 1000 MWe-year; 1000 LMFBRs, each
rated at 1000 MWe and operating for 50 years, would be predicted to release
only 1/1000 of the plutonium deposited from past weapons tests. The amount of
plutonium estimated to be present in a few thousand plutonium workers, in whom
no serious health effects attributable to plutonium have been seen, is 1000
times the estimated quantity that would be inhaled by people per 1000 MWe-year
of LMFBR operation. The radiation dose to a single generation from naturally
occurring alpha emitters is from 30 million to a billion times larger, for
different critical organs, than is the cumulative radiation dose to all
generations per 1000 MWe-year of LMFBR operation. These comparisons provide
no measure of absolute risk, but do serve to place these risks in perspective,

relative to other unavoidable risks of a similar nature.
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A second approach to the evaluation of possible human health consequences
involves estimation of absolute risks, based on rather uncertain relationships
between radiation dose, and cancer and genetic risks, as developed by such
bodies as the ICRP, the National Academy of Sciences Committee on the Biological
Effects of Ionizing Radiation (BEIR), and the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR). This approach leads
to estimates of 0.0012 cancer deaths and 0.0006 serious genetic effects per
1000 MWe-year of LMFBR operation. Expressed in other terms, about one cancer
death would be attributed to 1 year's operation of 1000 LMFBR power plants of
1000 MWe rated capacity; and about one serious genetic effect to the same
number of plants operating for 2 years. About one-third of the predicted
cancers would occur in persons exposed during the period of LMFBR operation,
and about one-third of the genetic effects would occur in their first genera-
tion offspring. The remaining two-thirds of all predicted effects would occur
over ensuing thousands of years at a much diminished and decreasing rate, for

the 1ifetime of the transuranics involved.

Because of unavoidable uncertainties in the models employed for estimation of
absolute risk, it is suggested that primary reliance be placed on the qualita-
tive comparisons of exposure from estimated LMFBR releases, fallout plutonium,
and natural background radiation. Attempts to place absolute numbers on speci-
fic risks should be looked upon as an exercise lending qualitative support to

the more valid comparative evaluations.

Major differences between Section VI. A. (4) and the earlier version of this

material in WASH-1535 are summarized in the following tables.
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Table 1

MAJOR CHANGES IN MODEL PARAMETERS

WASH-1535 Supplement
(1974) (1981)
Source Term No Changes
Environmental Dispersal No Changes
Transport Via Food Chains
Plant/Soil Transuranic 0.1 0.01
Concentration Factor
Metabolism in Man
Gastrointestinal Absorption 3 x 10'5 10"3
Fraction for Plutonium
Dosimetry
Dose Commitment Interval 70 years 50 years
Quality Factor (rem/rad) 10 20
Dose to Bone Averaged Separately
Over Total Calculated
Bone and for Surfaces
Multiplied and for Red
by 5 to Marrow

Correct for
Non-uniform
Distribution
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Table 2
CHANGES IN HEALTH EFFECT ESTIMATES

WASH-1535
(1974)
Dose Equivalent Commitment (rem) (70 Yr Commit-
ment, Q = 10)
Lung 4
Bone 26
Liver 10
Gonads 0.4
Risk Factors (per 106 organ-rem)
Lung 16 - 110*
Bone 2 - 17*
Liver 1 - 7%
Gonads 60 - 1500*
Excess Cancer Deaths
Lung .000064 - .00044*
Bone .000052 - .00044*
Liver .000010 - .00007*
Total .0001 - .001*
Genetic Effects
Total .0002 - .002*

*
Lower estimate based on absolute risk model,
higher estimate based on relative risk model.
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Supplement
(1981)

(50 Yr Commit-
ment, Q = 20)

9
86 (Surface)
7 (Marrow)
18
1

35
5 (Surface)
25 (Marrow)
15

1000

.00032

.00043 (Surface)
.00018 (Marrow)
.00027

.0012

.0006




Environmental Impacts of Alternative Long-Term Technologies

Qualitative and limited quantitative comparisons are included in this section.
Non-radiological LMFBR impacts (unchanged since ERDA-1535 was completed) are
compared with estimated similar impacts for magnetic fusion, wind energy
conversion, solar photovoltaic, solar thermal and ocean thermal systems, on a

unit basis (i.e., per 1000 MWe equivalent plant capacity).

Detailed quantitative comparisons between the LMFBR and alternative long-term
technologies are not possible because only the environmental impact information
for the LMFBR is complete at this time. Such information on alternatives is

still quite incomplete and uncertain.
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ITI. Purpose and Need for the LMFBR Program

This Section discusses the fundamental rationale for LMFBR development, and
factors affecting appropriate timing of the development program. Although

the basic rationale for the LMFBR program is essentially unchanged from that
in WASH-1535 and ERDA-1535, changes have occurred in the information upon
which the program is based, and therefore in the program elements. There have
been changes in the projection for installed nuclear generating capacity and

also in the projected growth in electricity demand.

Because of these changes, this Section is supplied to update, or supersede,

similar material found in WASH-1535:

Section 1.1.1 Origin and Purpose of the LMFBR Program
Section 1.1.4 Notes on Several Assumptions Used in the Statement

Section 2.1 Relationship of the LMFBR to the U.S. Energy Economy

A. Role of Nuclear Energy

The energy supply problems of recent years have demonstrated the nation's need
for stable, secure, domestic energy sources. The nation needs to develop energy
options which can provide substantial amounts of energy over the long term.
Energy sources will be needed to replace the increasingly scarce supplies of

0il and gas which currently supply 70% of the nation's energy needs.

Proven supply technologies must be ready when needed. Electricity can play a
very important role in the nation's long-term energy supply security because
electricity can be produced independent of petroleum supplies and because
electricity can replace oil and gas in many end-use applications such as high-
efficiency heat pumps in the commercial and residential sectors (see National

Energy Policy Plan, July 1981, page 15). An expanded role for electrical
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energy is essential in that almost three-quarters of the existing U.S. energy
supply comes from rapidly depleting reserves of o0il and natural gas. About
one million barrels of oil per day, mbst]y residual oil, are consumed in the
production of electricity. For the past several years, the amount of o0il used
in electrical generation has been approximately equal to that imported from
Saudi Arabia. O0il supplies about 10 percent of U.S. electricity now; it is
projected to decline to about 1 percent in the 2000 to 2020 timeframe.
Expediting the transition to alternatives, including greater electricity
reliance, would save existing petroleum supplies for such end uses as trans-
portation, where substitution is difficult. Of the currently available
central station alternatives for electricity production, only coal and nuclear
power from light water reactors (LWRs) can provide substantial amounts of
energy. Coal is a large but finite resource, and expanded coal use is a key
element in the U.S. energy strategy. Large quantities of coal might also be
used in the future as feedstock for synthetic liquid and gaseous fuels.
Further expansion of coal use to preclude the need for LWRs and LMFBRs is

considered by many to be infeasible from a supply perspective.

There is also concern that continued and expanded coal use could present
adverse environmental impacts, especially with regard to increases in global
carbon dioxide and associated changes in climate and to sulfur dioxide
emissions and their effect upon acidic precipitation.1'4 However, given the
current state of scientific understanding of the acid rain phenomenon, the
cause and effect relationship between coal use and acidic precipitation

remains highly speculative.

The most practical end use for the energy content of uranium is in producing

electricity or process heat. Thus, nuclear enérgy can play a unique and
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important part in the nation's energy supply structure. Uranium, as used

in the current generation of nuclear plants, is also a finite resource.

But, unlike power plants using fossil fuels, the next generation of nuclear
plants, the LMFBRs, can extend the uranium resource potential to essentially

inexhaustible proportions (see Figure 1).

B. Energy and the Economy

An update of background information on energy/economic considerations is pro-
vided in Appendix F and will only be summarized in this section. It should be
noted that this Supplement is not intended to be a detailed or exhaustive
study of future trends in the economy or in energy use. There have been many
such studies conducted recently and the current DOE energy supply and demand
projections along with comparisons with projections by other groups have been

published (Energy Projections to the Year 2000, DOE/PE-0029, July 1981).

Adequate energy supplies are vital to a healthy, growing economy. Historical
economic data show, with few exceptions, that changes in energy consumption
and changes in gross national product (GNP) move in step. However, since
1975 there have been some significant quantitative changes in the trends in
U.S. energy consumption and in the perceived future growth in energy demand.
The greatest change in recent years has been the large increase in energy
costs, mostly driven by increases in petroleum prices. These higher costs
have resulted in a slowing of the historical rate of increase in energy con-
sumption and, in a few recent years, in an actual decrease in energy consump-
tion. The historical trend of GNP moving in step with energy consumption has
generally continued. The GNP growth, like the growth in energy consumption,
has been relatively low, actually declining in a few years. For prudent

planning purposes, it may be concluded from both the recent and longer-term
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historical energy consumption and GNP trends that even a modest continued

growth in GNP will lead to increased energy consumption.

It is also probable that the rate of increase in energy consumption will be
less than that experienced in the 1960s when energy costs were low. The
historical data show that the economy does respond to changes in energy

prices with changes in energy efficiency (ratio of GNP to energy use) --
higher prices have led to increased conservation of energy. However, the
response is quite slow. It is probable that the annual rate of efficiency
improvements, averaged over the next few decades, will not exceed the 1.6% per
year which occurred during the period 1971-1980 when energy prices increased

greatly (see Appendix F).

One consistent historical trend is the increase in the fraction of energy
provided by electricity. Electricity is a flexible and convenient energy
form, and electricity demand may be expected to continue to increase at a
somewhat higher rate than the overall energy demand. However, as mentioned
earlier, a more important point is that electrical energy production can be
independent of fossil fuels, and increased use of electricity can help in the
very large energy substitution problem faced by the U.S. as fossil fuels,
especially oil and natural gas, become increasingly scarce and costly.
Together energy growth potential and the need for oil and gas substitutions
provide the motivation for developing long-range, essentially inexhaustible

electrical energy sources such as the LMFBR.

C. Rationale for LMFBR Development

As a promising long-term, large-scale technology, continued development of

the breeder appears warranted. Similarly, continuation of research and
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development activities on other promising long-term options, such as fusion
and solar electricity technologies, also appears warranted. Because of the
relatively advanced state of LMFBR technology relative to other large-scale,
inexhaustible options, the breeder must be considered the surest of these
supply options. If fusion, solar electricity, and the LMFBR development
programs were all successful, the contribution of each would depend on their
relative economics, among other factors. Moreover, since the LMFBR is today
the furthest along, it provides the insurance against failure of alternatives
to develop in a timely way and against coal failing to be able to fill any gap
in energy supply that occurs. In this sense the LMFBR could contribute

vitally to prosperity and security of the nation.
Important elements in the rationale for U.S. LMFBR development are:

o The need for nuclear power to meet a significant fraction of future
electrical energy requirements. In the near-term only coal and
nuclear power can be counted upon to meet the bulk of the U.S.
electrical energy requirements.

o Limits to economically recoverable uranium which 1imits contributions
from current generation nuclear powerplants, and an essentially
unlimited electrical energy supply from breeders.

o Forecasts for LMFBR electrical generating costs.

o The relatively advanced state of breeder reactor development, compared
to other large-scale, inexhaustible technologies.

The first element, the need for nuclear power, has been addressed in the
previous section and in more detail in Appendix F. In this section, the

remaining factors are examined.




1. Uranium Resources and Nuclear Energy

As discussed previously, nuclear power is likely to play an important role in
providing a significant fraction of the nation's near-term and long-term
electrical energy requirements. Although the present-day nuclear power
technology, based on the LWR, can provide a vital contribution to meeting the
nation's electrical energy needs in the near-term, LWRs utilize only a small
fraction (about one percent) of the energy available from uranium resources.
To assure that nuclear power can continue to make a major contribution to the
nation's long-term energy needs, it is necessary to utilize the uranium
resources more fully. By virtue of their fuel breeding characteristics,
LMFBRs enable the energy potential from uranium resources to be increased by
about a factor of sixty. Used in LMFBRs, the energy potential of the uranium
already mined and stored as a byproduct of the enrichment process is roughly
equivalent to the energy potential of all of the U.S. coal reserves (430
billion tons that are considered economically recoverable at the present
time).5 Like the renewable resources, the fertile uranium resource base

for the LMFBR is so large that fuel costs would not be influenced by resource

availability.

The National Uranium Resource Evaluation (NURE) program has conducted studies
to assess better the magnitude of U.S. uranium resources and to improve
technology for discovery, assessment, and production of these resources. The

potential uranium resources estimated as a result of the NURE program6

appear in Table A-1, Appendix A, by forward-cost category and resource

category. The current resource estimates are summarized in Table 3:




Table 3

U.S. URANIUM RESOURCES
(As of January 1, 1981)

Thousand Tons U.0

378
Forward Cost
Category* Reserves Probable Possible Speculative Total
<$30/1b 470 885 346 311 2012
<$50/1b 787 1426 641 482 3336
<$100/1b 1034 2080 1005 696 4815

Previous uranium supply estimates are contrasted with present estimates in
Appendix A (Table A-2). The Committee on Nuclear and Alternative Energy Systems
(CONAES) study of the National Research Council recommended that only those

uranium deposits in the reserves and probable resources categories should be

7

taken as a basis for prudent planning.” Moreover, they cautioned that avail-

ability of U 08 in the higher forward cost categories (lower uranium concen-

3
trations in the ore) is known with such Tittle certainty that it should not
be used for planning purposes. Thus although the possible and speculative
resource categories might be considered in a very long-term context, taking a
U,0, resources estimate in the 2-3 million ;hort ton (ST) range is a

378
prudent assumption for planning purposes.

*For purposes of this report, forward costs are the yet-to-be-incurred costs
of producing U30 from a given resource, and include the direct costs of
developing and ogerating a mine and building and operating a uranium mill.
They are used to indicate the economic availability of a uranium resource.
A forward cost category includes all resources at or below the stated for-
ward cost. Forward costs are not to be confused with price, which includes
past costs, exploration costs, cost of money, marketing costs, rate of
return, profit, some taxes, etc. For this study, a rough rule of thumb is
that price is up to two times forward cost.
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The annual uranium requirement for a LWR varies between 140 and 200 ST

U308,8 depending on whether a once-through, improved once-through, or

recycle fuel cycle is used. Thus, reserves and probable resources of 2-3
million ST U308 could support about 10-20,000 GWe/yr of LWR operation

(330-670 LWR's for assumed 30 year lifetimes) if the current once-through

fuel cycle is maintained, or more if the industry were to improve the once-
through fuel cycle or go to the recycle mode. Thus, the reserves and probable
resources could be committed as early as the first part of the next century

or as late as several decades later. Timing of the uranium resource depletion
is highly uncertain, but irrespective of whether present U.S. uranium resources
are committed soon after the year 2000 or somewhat later, the contribution to
nuclear power by LWRs will ultimately be 1imited by the availability of

economic uranium resources.

With breeder reactors, uranium resource utilization will be greatly extended
compared to current generation LWRs. Nuclear capacity can reach thousands of
GWe instead of hundreds (see Figure 1), and the time span of the nuclear
energy contribution can be many hundreds of years instead of only a few
decades. As shown on this figure, solar and fusion represent an inexhaustible
energy supply. The role of breeders in the future energy economy should be
viewed as a technology option that can provide an essentially inexhaustible

fuel supply to the electrical-generating system.

2. Forecasts for LMFBR Electricity Costs

Compared to other possible sources of large-scale, inexhaustible energy supply,
estimates of the future costs of electricity generated by LMFBRs favors

continued development. As with any large new technology under development,




there are uncertainties in LMFBR cost estimates that can only be resolved by
developing the technology to a near-commercial stage. However, the uncertain-
ties associated with the cost of electricity from LMFBRs are much less than

the cost uncertainties associated with other, less well-developed technologies.

The economic comparison between the LWR and the LMFBR is determined by a

number of factors. The major cost components are:

o Plant Capital Costs
0 Fuel Costs

0 Operation and Maintenance Costs

Basic trends in LWR/LMFBR comparisons are established for these major costs. The

LMFBR is projected to have a higher capital cost, which will be offset by a lower

fuel cost during operation of the LMFBR. The difference in these costs and the
escalation of these costs over time will determine the relative economics of the

two reactor systems.

Many systems analysis studies have been performed in recent years which resul ted
in predicted dates when the LWR and LMFBR costs will be the same. Such dates have
been interpreted as the time in which the LMFBR will be needed. The date that
results from such systems studies is highly dependent on the assumptions used.
Some studies conclude that the LMFBR will or could be needed by 2000, while

others conclude that a date several decades later is more 1ike1y9’10’11. The
mid-range of opinion, as expressed in several of the more extensive recent

12,13,14 appears to be that LMFBR development should be geared toward

studies,
meeting a potential deployment need early in the next century. The pace of
LMFBR development will affect the cost of breeders relative to LWRs. A more

rapidly paced program will accumulate more reactor and fuel cycle experience
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by an earlier date, and hence the learning experience will result in lower

costs at an earlier date.

Regardless of whether a particular economic model predicts 2010 or 2030 or some
other date of economic competitiveness between LMFBRs and other technologies,
responsible national energy policy dictates that the pace of the LMFBR develop-
ment program be structured to accommodate significant uncertainties. This

point is addressed in Section III.D.

3. Advanced State of LMFBR Development

The LMFBR is in a relatively advanced state of development, both in the U.S.

and wor"ldwide.15

In the U.S. the EBR-II, which began operation in 1964, has
operated reliably for 17 years supplying 18 MWe of electrical energy. The U.S.
Fast Flux Test Facility (400 MWt) has recently (1980) begun operation as a
fuels and materials irradiation facility. In France, the Phenix Reactor (250
MWe) has been in operation since 1974. A follow-on commercial-size LMFBR,
Super-Phenix (1200 MWe), has been designed and is presently under construction,
with completion scheduled for 1983. In the U.K., the 250 MWe Dounreay PFR has
operated since 1974. The U.S.S.R. recently (1980) began operation of BN-600,

a 600 MWe LMFBR, following by seven years the 1973 startup of BN-350, a 350 MWe-
equivalent LMFBR. The SNR-300, a 300 MWe reactor, is under construction in
West Germany (now 50 percent completed), and Japan is preparing to begin site

preparation for MONJU in 1982, another 300 MWe plant. In the U.S., design work

is nearly complete, and component fabrication is well along for the CRBRP.

Compared to other large-scale, inexhaustible alternatives, LMFBR technology

is therefore relatively advanced. Technical feasibility of the LMFBR has




been clearly demonstrated and the remaining work is to conduct engineering
scale demonstration of the technology at a size leading up to that of commercial
plants. Even though no fundamental scientific breakthroughs are required,

the work that remains will take time.

The ability to use foreign LMFBR technology has been considered. Because of
the unique U.S. licensing environment, foreign reactor designs could require
modification. While the extent of such modifications is unknown, they could

be extensive, costly, and take time to accomplish.

A domestic LMFBR industry would have several additional economic benefits. It
could preclude negative balance of trade aspects that would occur if the U.S.

were to import foreign technology and could provide an export item when a

world LMFBR market develops.

D. Timing of LMFBR Development

Many studies of U.S. and international energy policy conclude that LMFBR

14-17 However, the pace of the development

development is a prudent course.
has been an issue, and it is useful to consider development timing under
current conditions. There are four main reasons to proceed expeditiously with

the U.S. LMFBR development program:

0 Even with a relatively vigorous LMFBR development program, a com-
mercially viable LMFBR cannot be available for several decades.

0 There is significant uncertainty in any prediction of a date for LMFBR
need.

o In view of uncertainties, the penalties for developing the breederléoo
early are small compared to the penalties for developing too late.

o Continuity is essential to progress in any high technology develop-
ment program.




These four reasons are discussed in the following sections.

1. Inherent Long Lead Time for Development

Even if the LMFBR program is pushed ahead now in a vigorous fashion,
commercial-scale demonstration cannot be accomplished until the mid-1990's
and resulting utility commitments to commercial LMFBRs would result in LMFBR
generating plants no earlier than 2005 to 2010. Figure 2 illustrates the
period that will be required to obtain a significant market share with the
LMFBR. It appears that 2010-2020 is the earliest that significant numbers of
LMFBRs could be brought on-line in the U.S. Even this will require prompt

implementation of the development schedule shown.

This development schedule is consistent with U.S. experience in commercializing
the LWR. About 25 years were required to progress from the announcement of the
first LWR demonstration plant (1953) to commercial viability and significant
market penetration (the late 1970s). However, this was done in a regulatory
and economic environment that differs considerably from that today, and
perhaps from that which can be anticipated in the future. Thus 35-40 years to
complete a similar commercialization process for the LMFBR is not unrealistic.
Even in the French LMFBR program, which also has a less constraining economic
and regulatory environment, about 30 years will have elapsed from LMFBR
demonstration announcement (c. 1970) to significant market penetration

(c. 2000).
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Figure 2
LMFBR Development Schedule
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Beginning CRBRP construction in 1982 or early 1983 will allow completion around
1990. The project will provide experience in the construction and operation of

an LMFBR system in a utility environment. The CRBRP will demonstate an integrated
system design, and will reduce the risk involved in the scale-up to larger

plants. To provide data on plants of a scale near that which is most eco-

nomical for central station power production, the program envisions that a

large developmental plant (LDP) would begin operation in the mid 1990's. A
decision on proceeding with a large scale plant could be made in the next few

years based on satisfactory completion of implementation planning. Design and
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construction of the LDP would continue to build on the experience with FFTF and
CRBRP as well as on international experience that is available. The project
timing of the CRBRP and LDP will allow utilization of the present experience
base including efficient transfer of experienced design personnel from

one project to another. Relative timing is discussed further in Section IV.A.

The successful demonstration of the LMFBR option by design, construction and
operation of the CRBRP and the LDP before the turn of the century is expected
to provide utilities with the confidence required to begin breeder commercial-

jzation when market factors dictate.

2. Uncertainty Inherent in Timing of LMFBR Need

Considering the experiences of the last decade (rapidly escalating energy
prices, oil embargoes, etc.), the date at which the LMFBR will be economically
competitive depends on many future events; progress within the LMFBR program,
capital costs, future costs of alternative electricity options, future elec-
tricity demand, future development of other long-term energy options, and
resolution of environmental issues. Each of these items involves uncertainties

that must be considered in planning a prudent course.

For example, if the electrical growth rate is larger than presently expected,
the date at which numbers of LMFBRs are needed may be earlier than is now

considered likely, perhaps as early as the beginning of the next century. On
the other hand, if the supply of uranium ore were to be significantly larger
than presently believed, the date at which significant numbers of LMFBRs are

introduced would likely recede.
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As noted earlier, the prudent course is to gear the development program

toward possible commercialization of LMFBRs fairly early in the next century.
Prior to breeder commercialization it will be necessary to demonstrate
acceptable LMFBR performance, reliability, safety, environmental acceptability
and economic merit. Thus, with lead times for designing and constructing
reactors at 10-12 years, minimum, CRBR should be completed as expeditously as
possible and operation of a large-scale developmental plant needs to take
place prior to 2000. Given the results of this program and then-current data
on energy growth, uranium resources, and other factors, an informed decision
on LMFBR commercial deployment by the utility industry would then be possible.
This course provides the maximum programmatic flexibility and minimizes the
risk of not having options available. If during development it becomes known
that the date at which the LMFBR will be needed is later than expected, the
additional time can be utilized by the nuclear industry to refine the LMFBR
design and enhance its economic performance prior to large-scale deployment.
Unforeseen obstacles could be encountered in the development phase; substantial
incentives exist for discovering such obstacles as far in advance of expected

deployment as possible.

3. One-sided Risk of Delay

If the LMFBR is developed in such a way that is not economically competitive
when the development program is complete, it means the government will have
invested several billion dollars earlier than needed. With a specific choice
of the time-cost of money and the length of the period involved, a cost for
too-early development can be calculated. As an example, if one assumes an
expenditure of $600 million per year for 15 years at a discount rate of 5-7%

(an interest rate assuming no inflation), then the present value of the
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expenditure is $5.5-6.2 billion. This represents the present value of the
maximum savings that could be achieved by complete cancellation of expenditures.
In a case where the start of the 15-year expenditure is delayed 10 years, the
present value of the delayed expenditure is $2.8-3.8 billion. Thus, in this
example, the value of the delay in expenditure is $2.5 billion. Some indirect

savings might be expected from, for example, decreased budget deficits.

If the LMFBR is not ready to begin deployment when needed, the costs could be
large. In 1979, sales of about 2000 billion kWh of electricity generated
roughly $100 billion in revenue19. Using these 1979 values, if a technology
could reduce the average cost of electricity by even a few percent, the direct
savings would be billions of dollars annually, and would be supplemented by
indirect benefits such as increased output and employment opportunities. Thus
if the sole effect of deploying the LMFBR was a reduction in future electricity
costs of a few percent, the economic penalties of developing the LMFBR and
finding out that its deployment will be deferred are far Qutweighed by the
potential economic penalties of needing the LMFBR and not having developed it.
If, however, it turns out that the alternatives to the LMFBR are either very

costly, or constrained in some fashion, the potential benefits of going ahead

with the LMFBR become very large.

In noting that economic analyses of LMFBR timing are based on numerous

assumptions that are inevitably subject to challenge, the ERDA Internal Review

Board stated:20

"The Board is wary of facile attempts to resolve these areas

of controversy, dependent as they are upon future events which
are more or less speculative. With regard to projections of
energy demand, it seems prudent to assume a moderate level of
growth for planning purposes. This is so not because ERDA is
committed to any particular growth scenario, but simply because
the penalties for underestimation are likely to be far more
severe than those for overestimation. A program can be scrapped
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if its need does not become actualized. But the long lead times
involved in research and development programs and plant construc-
tion make it relatively difficult to accelerate efforts which have
been held in abeyance pending an unmistakable confirmation of
their need."

4. Continuity of High-Technology Programs

Significant work has already been performed to bring U.S. LMFBR technology to
its current state. The nation has a considerable investment in the team of
people and the facilities that now make up the LMFBR program. If development
were substantially deferred, experienced people would be lost to other fields,
and existing facilities would have to be closed. Reacquisition of the exper-
tise and reactivation or reconstruction of facilities would be a costly
process. High-technology programs simply cannot be turned off, deferred for
a period of time, and restarted without incurring very high costs. As noted

in a recent review of the French program:21

"Considering the overall French breeder program, a principal
reason for the excellent breeder progress in France is the
steady pace from one project to the next without debilitating
gaps. So far, France has been able to get on with each new
project within about a year of the startup of the prior one.
Rapsodie went into service in 1967, and the start of Phenix
construction began in 1968. Phenix produced its first elec-
tricity in December 1973, and the site work on Superphenix 1
was begun one year later in December 1974 near Malville in
the parish of Creys-et-Pusignieu. Superphenix 1 is slated
for startup in 1983 by which time EdF is expected to be

ready to proceed with the ordering of a twin unit fast reactor
station, embodying the Superphenix 2 series, 1500-MWe units."

Additional evidence which shows that high technology programs cannot be turned
off or deferred comes from considering U.S. program examples. Considerable
synergism resulted from the timing of the FFTF and Clinch River Breeder Reactor
program. This synergism included not only the direct design experience but also

the direct transfer of experienced personnel. Without a vigorous continuing plant

design and construction program, these experienced personnel are irretrievably Tost.
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Thus, both the success of the French program and recent U.S. experience argue
strongly that continuity of high technology programs is essential to prevent

unnecessary costs and delays due to loss of technically experienced personnel.

If the U.S. were to reject current development of the LMFBR, it would be
rejecting or deferring a relatively certain technology capable of producing
an essentially inexhaustible electrical energy supply. The government has
recognized an obligation to assist in timely development of the technologies
that offer large-scale, long-term, economic, energy supply potential.
Although not the only candidate, the LMFBR is today the surest. A relatively
vigorous path of LMFBR development is therefore prudent for the government to
pursue, based on the promise of the LMFBR and the uncertainty over future

energy events.
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IV. Alternatives Including the Current LMFBR Program

In this Section, part A describes the current LMFBR program, part B discusses

alternatives within the current program, part C considers program termination,
and part D discusses alternatives to the LMFBR for long-term production of
electricity. This material updates or supersedes similar material found in

ERDA-1535,

Section I.3 An Evaluation of Alternative LMFBR Program Plans
1.4 Analysis of the Resolution of Major Issues and
Compatibility with LMFBR

IITI.H Alternative Long-Term Energy Systems Options

and in WASH-1535, Section 3, LMFBR Program.

The current LMFBR program plan and alternatives are considerably scaled back
from what they were in ERDA-1535. The key elements of the reference program,
i.e., the two developmental plants and the base technology program, are still
in place. However, some follow-on plant projects and some other facilities
are not included in the current plan. The Clinch River Breeder Reactor Plant
(CRBRP) is still the intermediate-size developmental plant, but the Prototype
Large Breeder Reactor (PLBR) of the previous plan has been replaced by the

Large Development Plant (LDP) as the next large size plant.

Because the current LMFBR program plan essentially is scaled down from the
previous one, the environmental effects due to implementing the present plan
are expected to be less than those analyzed in ERDA-1535. In addition there
have been advances in the base technology program since 1975 that extend
confidence and reduce uncertainty in the environmental acceptability of the

LMFBR program.
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A. Reference LMFBR Program

1. Overview

The basic objective and direction of the current breeder program remains
essentially as it was in 1975. 1Its goal is to ensure that a proven long-term
electricity supply option is available on a prudent time scale. To accomplish
this goal, the U.S. LMFBR program was established with the overall objective
of developing the engineering and industrial base that will be required for
design and construction of LMFBR plants. As a result of this program an
industry determination can be made of the economic potential, environmental
acceptability, safety, and reliability of the LMFBR system. The decision on

LMFBR commercialization will be made on the basis of this determination.
The LMFBR program consists of:

o Developmental plants (CRBRP and LDP);
o The base technology program, including test facilities; and

0 Supporting fuel cycle programs.

The LMFBR program is focused on the construction of a sequence of developmental
plants that will integrate several complex technologies into an overall
engineered system. Construction of sequential developmental plants is the
best way that the state of the technology can be evaluated and issues can be
identified that need to be resolved. The base technology program provides
those basic data, processes, methods, and components that are utilized during
the entire course of the LMFBR development program in the design, licensing,
construction, and operation of LMFBR powerplants. The base technology program

also directly supports the needs of each specific plant project. In turn, the
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design, licensing, and operation of the development plants provides key
information back to the base technology areas, thus allowing optimization of
all elements of the program. Ultimately, a system of LMFBRs depends on a
closed fuel cycle. Fuel cycle activities, including fuel fabrication, fuel
reprocessing, and waste management, are thus an important part of bringing

the LMFBR to the point where commercialization is feasible.

The LMFBR program has its foundation in significant past accomplishments.
LMFBR development began in the U.S. in the late 1940's, and had its first
significant step in 1951 with operation of the Experimental Breeder Reactor
No. 1 (EBR-I). 1In 1964, EBR-II began operation and has provided 17 years of
reliable service to date. Supplying 18 MWe of electricity, it was one of the
nation's first certified cogeneration facilities. The Fast Flux Test Facility
(FFTF), generating 400 MWth, has recently begun operation as a fuels and
materials irradiation facility. Construction and operation of these and other
reactors such as Fermi-I and SEFOR (Southwest Experimental Fast Oxide Reactor),
operation of test facilities, design and fabrication experience from the
CRBRP, concept studies for other plants, and some information from foreign

exchange programs provide the foundation for the U.S. LMFBR program.

A11 foreign LMFBR programs are broadly similar to the U.S. program in the
approach to technology development. 1In all programs the plan is to scale-up
the technology through a sequence of plants, supported by significant activi-
ties in areas identified in the U.S. as elements of the base technology
program. Recognizing the ultimate dependence of the LMFBR upon .a closed

fuel cycle, each program incorporates fuel cycle research and development.




The engineering basis for scaling technology from the laboratory to the
commercial plant is well established. Sound engineering practice has
established that successful technology scale-up is acccomplished through a
sequential series of engineering projects of increasing size, culminating in
a successful commercial technology. Information gained at each step can be
used to modify the direction of the program. The magnitude of each sequential
scale-up is determined by weighing the cost of development against the risk
of failure. While small steps may entail substantial time and development
costs, even more time and money may be lost in a single large step, because

of overly-conservative design, extensive back-fitting, or even failure.

The U.S. program has continued to follow this 1ine of sound engineering
practice, as have foreign LMFBR programs. The U.S. program now includes
EBR-II at 18 MWe, FFTF at 400 MWth, the CRBRP at 350 MWe, and the LDP at
1000 Mwe.

Size of an LMFBR plant is a technical issue, in that the larger the plant the
more demanding the requirements on components and systems. But size is not

the only issue. The government has the responsibility to conduct a prudent
program, one that ensures that the taxpayers' investment is wisely spent.

It is important to have the technology base firmly established when the time
approaches for a commercialization decision to be made. Basically this means
that the program should be structured to result in an economic, environmentally
acceptable, reliable, and safe LMFBR that can be constructed and licensed in a

variety“of locations.

A decision on specific plant sizes to be built involves choosing from a

prudent range, trading off between minimizing total development costs and




maintaining high technical confidence. The CRBRP at 350 MWe is the next step
in scale-up of U.S. LMFBR technology. This plant scale was chosen, after
exhaustive studyl, as a logical next step. This choice is supported by
decisions made in foreign programs, in that each foreign LMFBR program

includes a plant within the 230-350 MWe range.

A key feature of the U.S. development program is avoiding premature foreclosure
of technological alternatives. In any construction project, design choices
must be made among feasible alternatives. To the extent possible during
development, there is merit in keeping open options that might be exercised

later.

For example, the design of the primary heat transport system in LMFBRs falls
into two categories: the pool (where the entire primary system is contained
within a relatively large primary vessel) or the loop (where piping external
to the reactor vessel transports sodium to pumps and heat exchangers).
Experience indicates that either concept can be constructed and operated
safely and reliably. Indeed the French, British, Soviet, and U.S. programs

have all included at least one shift in the loop/pool choice.

The DOE Conceptual Design Study (CDS) concluded that there was no overwhelming
advantage to either concept.2 It was also concluded that there would be no
environmental differences and that safety differences would be insignificant.
Participants, drawn from the industry, recommended a loop concept for what is
now the LDP, but recognized that there may be merit in the pool concept for
commercial p]ants.2 Regardless of the choice, the developments that are
required in components and other key base technology areas are much the same.

For example, the steam generators are equally applicable to either concept,
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and much of the plant required for a pool system is essentially the same as
that now being developed for a loop system. In both instances, the design,
manufacturing, and operating experience gained are an effective base for
future plants. The conclusion is that the U.S. program, now on the loop path
for the CRBRP and the LDP, is not precluded from a future switch to a pool
system, either for the LDP design or for a subsequent plant. Thus, the
program retains more flexibility than does a specific project, in which

changes in choice of concept can add considerable expense.

Another example of the flexibility built into the U.S. program deals with fuel
type. In the Conceptual Design Study for a large plant, flexibility was
maintained with respect to choice of fuel type by making the design of the
reactor internals capable of accepting either the reference oxide fuel design,
or an advanced fuel design. Similarly, it was shown that the CRBRP could
operate satisfactorily on a variety of fuel cycles, and the reference core
design was switched from homogeneous to heterogeneous without other significant
changes in environmental or safety aspects of, or expense incurred by, the

project.

2. Program Elements

The elements of the LMFBR program exist to meet the objective of developing

the engineering and industrial base required for a decision on commercializa-
tion of the LMFBR. The principal elements of the program are the design and
construction of developmental plants; the base research and development
activities; and the associated fuel cycle research and development activities.
Construction and operation of the developmental plants will provide a demonstra-
tion of the industrial base and will establish the utility confidence that is

necessary for the commercialization decision. The base program is providing
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the technology development that is required for the engineering design, safety
analysis, and scale-up of the powerplants. Development of the nonreactor
parts of the LMFBR fuel cycle, such as reprocessing and fuel fabrication, is

necessary prior to commercial deployment of the LMFBR.

a. Developmental Plants

The technologies needed to make the LMFBR option available will be the end
result of a planned sequence of developmental breeder and other reactor
facilities that began with Exberimenta] Breeder Reactor I (the world's first
source of nuclear-generated electric power), followed by the 18 MWe Experimental
Breeder Reactor II, the 65.9 MWe Enrico Fermi Atomic Power Plant (the first
LMFBR plant to supply electricity to a commercial utility grid), the 350 MWe
Clinch River Breeder Reactor Plant, and a proposed 1000 MWe Large Developmental
Plant. In addition to zero-power reactors for determining the configurations
and nuclear characteristics of LMFBR cores and blankets, the breeder program
was also supported by the 20 MWth Southwest Experimental Fast Oxide Reactor
(SEFOR), which Qas operated essentially for physics experiments and has since
been decommissioned. The program is now being supported by the 400 MWth FFTF,
a fuels and materials test facility. To attain the objective of developing an
engineering and industrial base, vigorous efforts will be resumed on the
construction and operation of the CRBRP, and a program will be initiated to
perform the preliminary design and to conduct implementation planning in
cooperation with the private sector for the final design, construction, and
operation of the near-commercial-sized LDP. These developmental plants are

discussed in detail in the following two sections.
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(1) The Clinch River Breeder Reactor Plant

The CRBRP is a liquid-sodium-cooled breeder reactor that will produce 350 MWe
of net electrical power. Its construction is planned for a site adjacent to
the DOE reservation at Oak Ridge, Tennessee, where it will be operated as a
part of the Tennessee Valley Authority (TVA) electricity supply network. The
CRBRP is authorized under Public Law 91-273. The contractural arrangement
has been in effect since 1973 among AEC/ERDA/DOE, the Project Management

Corporation (PMC), the TVA, and the Commonwealth Edison Company of Chicago.

Funding for the project is provided by the federal government, the utilities,
reactor manufacturers, and equipment vendors. The federal government is

to provide all project funding in excess of the utilities' contributions

of approximately $260 million and the reactor manufacturers' and vendors'
contributions of approximately $10 million. Total estimated federal expen-

ditures are approximately $3.3 billion.

The involvement of many organizations is an important part of the CRBRP
Project. Approximately 3500 people are employed in these activities in 29
states and the District of Columbia as of November, 1981. Besides the DOE,
the lead reactor manufacturer, and the architect-engineer, about 25 companies
are involved in manufacturing and testing components for the plant. In
addition, 753 electric systems from the public, private, municipal, and
cooperative sectors of the electric power industry support the project
through the non-profit Breeder Reactor Corporation (BRC). Development

of this type of industrial and utility base is necessary for the ultimate

commercialization of the LMFBR.
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(a) Objectives

As in ERDA-1535, the CRBRP will serve as an important step in beginning the
transition of the fast breeder reactor program from the technology development
stage to the decision point of large-scale commercial utilization. The major
objectives of the project are:
o to demonstrate the technical performance, reliability, maintainability,
safety, environmental acceptability, and economic feasibility of an
LMFBR central station electric powerplant in a utility environment;
o to confirm the value of this concept for conserving important nonre-

newable natural resources.

(b) Role of the CRBRP

The CRBRP is a key part of the overall DOE long-range LMFBR research and
development program. It is designed to be an integrated electric powerplant
with a liquid-sodium-cooled breeder reactor supplying the thermal energy to
produce steam to drive a turbine-generator. With the initial reactor core of
uranium and plutonium mixed-oxide fuel, the plant is expected to produce 975
megawatts of thermal power (MWth) and a net output of 350 electrical megawatts
(MWe). Thus, the CRBRP will be analogous to Phenix (233 MWe) in France, PFR
(250 MWe) in Great Britain, BN-350 (350 MWe equivalent) in the U.S.S.R.,
SNR-300 (300 MWe) in the Federal Republic of Germany, and Monju (300 Mwe)

in Japan. Since the utilities have been involved in the project from the
beginning, a successful CRBRP project will bolster utility confidence that

the LMFBR can be built, licensed, and operated. In addition, since the CRBRP
Project is presently authorized, the design is nearly completed and procurement

has already started, it should be completed as expeditiously as possible to
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minimize government expenditures and to make a significant step in satisfying

the technology availability goals of the LMFBR program.

(c) Site Selection

The Clinch River site was selected for the CRBRP Project as a result of a
series of programmatic decisions by the DOE's predecessor agencies, the AEC
and ERDA. Although proposals were actively sought from all areas of the
country, only three were received, and the TVA/Commonwealth Edison proposal
was selected for further negotiation. This selection process narrowed the
range of acceptable sites to those within the TVA region. The eventual
negotiations resulted in the unique contractual arrangement for the project,
and the ultimate selection of the Clinch River site. No preferrable sites
within the TVA region have since been identified. Sites outside of the TVA
region cannot be considered for the CRBRP because of the contractual arrange-
ment. Continuance of that arrangement is essential to the success of the
project in attaining its goals. Finally, the NRC's 1977 Final Environmental
Statement and Site Suitability Report found the site to be acceptable on both
programmatic and environmental grounds3. The Clinch River site remains

the preferred alternative for meeting LMFBR program as well as CRBRP project
objectives. An expanded discussion of the CRBRP site selection process is

contained in Appendix G.

(d) Status of the CRBRP

The CRBRP is a loop-type LMFBR plant that incorporates much of the experience
gained in construction of the FFTF. In particular, the fuel pin and the
assembly hardware are essentially the same type used in the FFTF. The inter-

mediate heat exchanger design of CRBRP was changed because of unfavorable
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manufacturing experience with the FFTF. Results of the natural circulation
tests in the FFTF and in the EBR-II were used in the CRBRP design. It is
worth noting that such tests could have been conducted only in an operating

reactor.

Significant progress has been made to date in the design, development, and
hardware procurement areas. The project is in a position to begin site clearing
and construction upon receipt of the necessary approvals from the Nuclear
Regulatory Commission. The following 1ist includes some of the significant
accomplishments to date:
0 Overall plant design about 90% completed and project-funded research
and development about 95% completed;

0 About 7,000 architect-engineering drawings of the required 9,400
prepared;

0 Procurement contracts for over $500 million of hardware representing
approximately 60% of the total required project hardware placed;

0 Manufacture of approximately $251 million of hardware completed
and about $120 million of effort accomplished on other hardware in
process;

o Contributions made to advancement of the worldwide state-of-the-art
in LMFBR plants, such as the heterogeneous core;

0 Continuous evaluation and updating of the plant design to remain
current with changing regulatory requirements;

0 Issuance in 1977, by the Nuclear Regulatory Commission, of the Site
Suitability Report and the Final Environmental Statement, which
concluded that the site is suitable for the plant and that the
action called for under the National Environmental Policy Act and
10 CFR Part 51 is the issuance of a construction permit;

0 Licensing activities were resumed with the Nuclear Regulatory
Commission staff in 1981; and

0 Prototype steam generator and prototype primary pump delivered to
Energy Technology Engineering Center for testing in sodium.
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(e) Information Provided for the Next Plant

The CRBRP design will demonstrate a number of fundamental characteristics of
LMFBRs which are not particularly sensitive to size. These include basic
properties and characteristics such as high-temperature materials properties,
thermal hydraulic characteristics, and such physics properties as breeding and
burnup of the fuel and blankets. In addition, much of the CRBRP equipment,
components and systems have some fundamental features and characteristics
which are directly applicable to large LMFBRs. The heterogeneous core of

the CRBRP is more advanced than any built or planned in any of the foreign
programs, and will provide vital information for the U.S. commercial-size

reactors.

Extensive research and development has been conducted to verify the high-
temperature characteristics and the design methods required for the piping and
vessel designs. These characteristics and methods, which are applicable to
commercial size LMFBRs, will be demonstrated for an integral system in the
CRBRP. In addition, the CRBRP will provide verification in an operating system
of thermal hydraulics analysis methods, and will give confidence that the

methods can be extrapolated to larger systems.

Successful operation of CRBRP will give confidence that breeder fuel cycle
models are adequate for progression to larger systems. In addition, most
of the basic safety codes being developed for CRBRP are directly applicable
to larger plants. Valuable experience will be gained in writing the

Safety Analysis Report and in dealing with the NRC on safety and licensing

requirements.
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Components and systems being used on CRBRP which have fundamental features

and characteristics of commercial-scale LMFBRs include:

0

Fuel
Upper core internals

Reactor closure rotating plug seals, bearings, insulation and
cooling

In-reactor vessel coolant separation methods

Reactor vessel coolant outlet thermal striping and mixing models
Piping

Sodium pump seals, drives, and design methods

Intermediate Heater Exchanger (IHX) bellows, IHX design methods, and
fabrication techniques

In-vessel refueling equipment

Steam generator relief system

Sodium clean-up systems

Sodium drain systems

Inert gas systems

Seismic design of piping and components
Instrumentation and control equipment and systems

Radioactive waste treatment systems

Besides supplying important data on hardware, systems and methods, the CRBRP

project will supply essential experienced technical personnel for the design,

construction, and operation of future LMFBR plants. Maintenance of cadres

of skilled personnel is necessary for orderly progress in the LMFBR program.

In addition, the manufacturing capability will be in place and the necessary
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industrial/utility/laboratory infrastructure will exist to insure the successful

construction and operation of a near-commercial-size plant.

Given the vast technology base that will be transferred to the follow-on p1ant;
the CRBRP represents the next logical and necessary step in the disciplined
progress of this country's 35 years of research and development of the LMFBR
concept. It will represent considerable progress towards the goal of providing

the option for deployment of large commercial-scale breeders.

(2) The Large Developmental Plant (LDP)

The importance of a large-scale developmental plant (LDP) has been recognized
for many years in the LMFBR program. The LDP is expected to provide a large-
scale (1000 MWe) demonstration of the LMFBR technology as an essentially
inexhaustible power production option for meeting future U.S. electrical
energy requirements. Data from design, construction, and operation of the LDP
will form a large part of the basis for an ultimate LMFBR commercialization

decision.

Most specifically, the project will:

0 Advance the state-of-the-art of LMFBR plant design, construction
and operation and demonstrate on a near-commercial scale the
viability of the breeder option for possible future deployment;

0 Involve multiple industrial contractors and make maximum use of the
existing broad base of U.S. LMFBR industrial expertise, thus assuring
that a sound LMFBR supply industry exists in the 1990s to compete for
a fair share of the world market;

0 Provide a sharp technical focus for the LMFBR base R& program and
fuel cycle development activities through the continuous identifica-
tion of the development requirements necessary for generating a base
of data on which a future LMFBR deployment decision could be based;

0 Be a valuable tool in further development and validation of codes
and criteria for large LMFBR plants;
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o Provide a stepping stone to commercially deployable plants;
0 Generate nearly 1000 MWe for distribution over a utility system,
thus generating a substantial amount of net revenues.
The present objectives of the LDP Project are to perform advanced conceptual
design on the more critical portions of the plant, to attempt to develop
cooperative arrangements with the private sector and foreign nations, and to
attain a state of readiness to proceed, if authorized, with the design and

construction portion of the project.

Current planning calls for a decision on LDP design, construction and operation
in the mid-1980s, with operation in the mid-1990s. A commitment to design,
construct and operate the Large Developmental Plant does not imply a commitment
to commercialize the LMFBR. Proceeding with the Large Developmental Plant
will, however, provide valuable information on LMFBR cost, schedule, and
operational characteristics for use in support of a future decision on
commercial deployment. The current approach involves fundamental utility
participation which must allow necessary flexibility to respond to utility
needs. [t is anticipated that the private sector will provide the major
portion of the capital funding for the project. However, details of the
financial arrangements are yet to be specified. There is also the desire for

international participation in this venture.

As described in the FES (ERDA-1535), LDP construction is planned to overlap
the construction of CRBRP. Current planning indicates an overlap of a few
years. This schedule would allow for assimilation of knowledge gained in
design, construction, and licensing of CRBRP. Overlap would allow for a more
efficient use of the design team through continuity of effort as well as

assimilation of all available project information. Such key information as
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base program R&D, construction and planning techniques, and equipment manufac-
turing experience is already being used in the LDP program. Results of com-
ponent tests will be available in 1982 for use in the preliminary LDP design.
CRBRP startup and testing data that will be particularly useful in the LDP

effort include data associated with sodium systems and inert gas systems.

The principal accomplishment on the LDP to date consists of the completion

in March 1981 of the Conceptual Design Study (CDS) that was authorized by
Congress and initiated in October 1978. The CDS final report4 was issued in
March 1981. Since that time, an effort to simplify and reduce the cost of the

LDP design has been conducted. Included in this effort are:

0o evaluations of siting criteria,
o development of a design and construction schedule,

o identification of required research and development efforts for
the LMFBR Base Program,

o evaluation of potential benefits of foreign cooperation,

o development of implementation plans in cooperation with the
private sector, and

o development of detailed cost estimates.

As described in the FES (ERDA-1535), construction of the follow-on breeder
(PLBR) was planned to overlap the construction of CRBRP. Current planning
calls for the LDP to overlap CRBRP by a few years. Overlapping permits a more
efficient utilization of design teams through continuity of efforts. This
approach also permits the assimilation of knowledge gained in design,
construction, startup, operation, and licensing of CRBRP and its associ-

ated research and development program.

Design and equipment procurement for CRBRP has continued despite the actions

taken by the previous Administration to delay construction. As a result,
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design of the CRBRP is nearly complete and many of the major plant components

have been procured or are on order.

Experience gained from design of CRBRP was factored into the conceptual design
of the LDP, and further benefits will be realized as the design of the LDP con-
tinues. For example, CRBRP equipment design and fabrication experience will

be directly applicable to the LDP as most of the CRBRP components will be

fabricated before preliminary design of the LDP is initiated.

CRBRP construction planning and techniques are currently being incorporated
in the LDP construction planning evaluations. CRBRP construction experience
will provide valuable input for the final planning and implementation of a

cost-effective and schedule-oriented LDP construction plan.

Start-up testing of systems at CRBRP will provide systems and equipment
confirmation data useful in design activities and subsequent test operations
for the LDP. This testing input can be particularly useful in the liquid

metal and inert gas systems.

Operation of CRBRP will provide additional on-line information useful for
verification of designs and component concepts common to the LDP and the

CRBRP and will provide additional input for testing procedures in such areas

as remote fuel handling. CRBRP operating experience will also be factored

into the procurement specifications of such LDP systems as the plant-wide
computerized control system. In the event that early CRBRP operation discloses
an unexpected system problem, the phasing of the two projects provides time to

implement corrections on the LDP.
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Additionally, operation of the CRBRP, in the course of demonstrating the
technical performance, safety, and economics of an LMFBR plant in a utility
environment, will develop information and expertise in plant start-up operation,
and maintenance. This experience will be valuable in the planning and imple-
mentation of these key functions for the LDP and in contributing to the

broad base of experience and information that is important for commercial and

industrial application of the LMFBR concept.

CRBRP experience is also applicable to the LDP in plant confirmatory research
and development work where much of the CRBRP work developed in the areas of
safety, physics, fuels, materials, and component development is directly
applicable to the LDP. Nearly all this work will be completed before pre-
liminary design of the LDP. 1In addition, critical CRBRP components such as
the steam generator and primary sodium pump will undergo thorough testing

in 1982 and information developed during this testing program will be factored

into design of the LDP.

CRBRP operation and the follow-on operation of the larger scale LDP will serve
to provide important experience and data regarding the LMFBR technology,
environmental acceptability, economics, and value as a practical future option

for generating electric power and conserving nonrenewable natural resources.

b. Base Technology Program

The base technology program is structured to satisfy the goal of developing
the technological data required to support LMFBR power plant design, construc-
tion, and safe operation. The elements of the base program include safety,

components, materials and structures, fuels and other core materials, and




physics. A description of each of these program elements and their individual
goals was contained in the FES, and no basic changes have occurred since then.

The direction of the base technology program has been essentially along the

lines indicated in the FES. As a result of progress in the base technology
program, confidence in the environmental acceptability of the LMFBR option has
been enhanced. Moreover, confidence in the CRBRP design has been improved.
The following is a brief summary of the program elements and some of the

significant program accomplishments* since the FES was issued:

(1) Safety

The mission of the safety program is to provide an adequate data base for
assessment of risk to the public, and to improve safety-related design tcatures
of LMFBRs. Specifically, the goal of the LMFBR safety program is to provide

a technology base fully responsive to safety considerations in the design,
evaluation, licensing, public acceptance, and economic optimization of LMFBRs
for electric power generation. The program effort falls into two main areas,

prevention of accidents and mitigation of accident consequences.

Breeder reactor safety technology is advanced by analyses and experiments
conducted by national laboratories, industrial reactor-vendor contractors,
and universities. Current planning calls for the early transfer of safety

input to LMFBR plant designers, performance of safety-related R&D in support

*Additional LMFBR Program information covering accomplishments:

1. "Energy and Water Development Appropriations for 1982, Hearings before a
Subcommittee of the Committee on Appropriations, House of Representatives,
Ninety-seventh Congress--First Session," Part 8, Testimony of Mahlon E.
Gates, Acting Assistant Secretary for Nuclear Energy. _

2. U.S. Department of Energy, "Fission Energy Program of the U.S. Department
of Energy: FY 1981," DOE/NE-0006, March 1980.

3. U.S. Department of Energy, "Fission Energy Program of the U.S. Department
of Energy: FY 1980," DOE/ET-0089, April 1979.

4. U.S. Department of Energy," Fission Energy Program of the U.S. Department
of Energy: FY 1979," DOE/ET-0048(78), June 1978.
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of plant design choices, the prompt involvement of the NRC in safety reviews,

and maximization of the value of contributions from foreign agreements.

Progress in LMFBR safety research is described in Section VI and Appendix E
of this document. Confidence in LMFBR safety has been strenthened by that
progress, as evidenced by the following:

0 The reliability of the reactor shutdown system and shutdown heat
removal system has been established through extensive out-of-reactor
laboratory testing.

0 Experiments conducted with molten fuel have provided important data
for validation of analytical methods to be applied to fuel movement
from breached pins. As a result, self-termination of unprotected
overpower accidents can be predicted. For the other major class of
accidents (unprotected loss of flow), it can be shown that extensive
system damage is unlikely.

0 The experimental data base, together with computer codes that extrapo-
late those data to prototypic accident conditions, indicates that
the inherent nature of fuel motion under molten core conditions makes
the core self-dispersive, and that recriticality is therefore unlikely.

o Earlier uncertainty over the 1imit which can be placed on the extent
the damage associated with a postulated whole core accident has been

substantially reduced. For the CRBRP, the adequacy of the plant
design to withstand such an accident has been established.

(2) Components

This program is designed to meet the specific objectives of (1) developing key
LMFBR components to assure availability of tested designs for application to
large plants, and (2) providing sufficient technology, data, and experimentally
verified codes to support the design, fabrication, and operation of reliable

and economic systems and components.

Primary emphasis has been given to long-lead and unproven but essential
components, such as large steam generators and main coolant pumps. Important
data and information from design, fabrication, test, and operation of com-

ponents for EBR-II, FFTF, and CRBRP are continuously utilized in the program.




Component vendors design and fabricate model components and perform the
concept-dependent supporting development. Tests and generic-type development
are conducted by the national and engineering laboratories and the reactor

manufacturers.

Although the primary emphasis has been on steam generators and primary coolant
pumps, technology is being developed and key features tested for other com-
ponents such as fuel handling equipment, intermediate heat exchangers, small
valves, and instrumentation and controls. Supporting development is being
conducted in the areas of flow induced vibration, thermal/hydraulic effects,

and natural circulation.

Significant progress in LMFBR component technology during the past few years
is indicated by the following:
0 Tests were completed on the FFTF prototype pump in 1977. The test
facilitigs at the Energy Technology Engineering Center (ETEC) were
subsequently modified to accommodate CRBRP-size components.

0 A CRBRP prototype pump and steam generator have been fabricated and
are being installed for testing in 1982.

0 Prototype components representative of LDP-size components are being
fabricated for eventual testing in the ETEC.

(3) Materials and Structures

The technology areas covered in the materials and structures program are those
for high-temperature structural design, seismic design, mechanical properties
design data, fabrication, nondestructive testing, corrosion, tribology (fric-
tion, wear, and self-welding), advanced structural alloys, materials properties

documentation, and sodium technology (e.g., impurity and radioactivity control).

The specific goals of the program are (1) to provide the technology required

to assure with high probability that LMFBR components and systems will be free
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from significant structural failures during their design lifetimes, and (2) to
develop materials, design methods and criteria, materials property data, and
procedures that are consistent with good economics, are not overly conserva-

tive, and provide for broad flexibility in component and system design.

The output of the program is directly useful to the specific LMFBR projects.
The overall strategy includes: 1) providing timely guidance to design teams,
2) performing all necessary R&D in support of the ultimate design choices,

3) maximizing the use of information derived from previous generic and
specific (e.g., FFTF, CRBRP) research and development, and 4) maximizing

the use of information derived from foreign exchange arrangements.

The program produces technical guidelines, design rules, data, and documenta-
tion. These are included in reports, guideline documents, contributions to NE
(RDT) standards, contributions to consensus standards (e.g., ASME-BPV Codes
and ASTM Standards), and the Nuclear Systems Material Handbook, which is a

repository for design data.

There has been significant progress since 1975 in developing the technology
base for materials data, fabrication, nondestructive examination, advanced
alloys, sodium technology, and high temperature design methods and criteria.
The program provided major input to the development of design rules which
have been adopted by the ASME Code and which are being applied worldwide to
the design of LMFBR plants.

(4) Physics

The physics program is directed toward the development of the fast reactor

neutronics measurement and analysis capabilities required to provide reliable




design data, accurate safety analyses, and well qualified fuel management and

reactor operating procedures.

The physics program is structured to satisfy these objectives by providing
critical measurements, nuclear data, and computational methods as required to
assure the successful design and operation of developmental breeder plants;
and maintaining a strong physics technology base to support FFTF operations

and the CRBRP and LDP design efforts.

The physics program provides experimental determinations of core and shield
properties, nuclear data measurements and evaluations, and development of
computational methods for predicting core performance, shield effectiveness,
and safety parameters. These activities support the available options for
fuel types, reactor configurations, and nuclear fuel cycles available to
FFTF, CRBRP, and LDP. The program includes analysis of the FFTF neutronic
performance and changes due to core reload and test requirements. A program
of mockup, benchmark, and interpretive critical experiments establishes the
neutronic characteristics of those LMFBR cores selected for first-of-a-kind
developmental reactors. Cross sections of reactor materials are measured
over a wide range of energies to assure reliable core design calculations.
State-of-the-art experimental and analytical physics support is provided
for determination of the radiation doses utilized in fuels and materials

irradiation test programs.

There was significant progress in the physics program during the years since

the FES was issued. Some of the highlights are:

0 Benchmark critical experiments in the Zero Power Plutonium Reactor
(ZPPR) established the neutronic design properties of CRBRP-size
heterogeneous cores.

71




o Studies of FFTF physics measurements were initiated to confirm
developmental LMFBR design methodology and to improve knowledge
of the FFTF test irradiation environment.

o Preliminary analyses of a shielding concept for a large LMFBR showed

potential for major reductions in plant costs through rigorous design
practice and careful selection of shielding materials.

(5) Fuels and Other Core Materials

The fuels and materials programs encompass the development of fuel and control
components for LMFBRs; the development of materials for use in these components;
and the development of equipment, processes, and facilities to fabricate fuel
and assure a supply of such fuels for breeder reactors. The fuel fabrication
activities are covered separately in Section IV.A.C.2 of this report. The

base program has the specific objectives of confirming the performance of, and
establishing lifetime limits for, FFTF fuel system core components; developing
improved and advanced fuel, blanket, and absorber materials/assemblies for fast
breeder reactors, in particular for CRBRP and LDP; and developing fabrication
technology to assure an LMFBR fuel supply while minimizing personnel exposure,
improving safeqguards, and enhancing personnel safety through automated and

remotely operated equipment.

The core components and materials program consists of two parallel activities:
(1) the confirmation of previous development work on reference FFTF fuel-system
materials (i.e., U/Pu oxide fuel and Type-316 stainless steel cladding and
ducts) to support the safe and reliable operations of FFTF as a test reactor,
and (2) the performance of sufficient investigations on advanced fuels,
blankets, and absorber concepts to narrow the options to the point where prime
candidates can be selected and developed. The program depends heavily on

irradiation testing of fuels and materials conducted in the EBR-II and to be




conducted in the FFTF. Significant aspects of the irradiations program in
EBR-II have included: (a) carrying advanced fuels tests to and beyond goal
burnups to identify ultimate performance limits, (b) continuing irradiation
of advanced cladding and duct materials to high exposures, and (c) performing
Run-Beyond Clad-Breach (RBCB) tests. Key aspects of the irradiations to be
conducted in FFTF include: (a) qualifying FFTF driver fuels, (b) testing

candidate advanced cladding and duct materials, and (c) testing advanced

fuels and blanket pins. These experiments will Tead to tests of full-scale
assemblies of prime candidate advanced fuels and blanket concepts, which will
be followed by large-scale qualification runs with partial core loadings of

such assemblies.

The program for measuring and improving the performance of replaceable core
components for FFTF will be conducted principally within the framework of a
systematic driver fuel and absorber evaluation plan, involving periodic
removal of reference driver fuel assemblies for thorough post-irradiation
examination. The advanced core components effort involves the development of
long-lived, highly reliable components that will enhance plant efficiency and
reliability while providing good breeding properties. Major emphasis is
placed on obtaining a comprehensive base of component performance information,
derived for a wide variety of design options and a broad range of operating
conditions. The experimental portion of this activity consists of a series
of tests of pin and assembly variables that will provide a broad coverage of
fuel type, advanced cladding and duct materials, pin design, and analytical

capabilities.
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Some of the more significant accomplishments in the fuels and materials
programs since 1975 are the following:

0 Reference FFTF fuels and cladding were successfully tested to goal
burnup and beyond clad breach in the EBR-II.

o Fabrication of pins for four FFTF cores was completed.

0 Control assemblies lifetimes were doubled.

o Improved alloys that promise significantly extended lifetimes for
fuel pin cladding were developed. The 1list of candidate alloys has
been narrowed to three.

0 Criticality of the Fast Flux Test Facility was achieved in
February 1980. Full power was demonstrated in December 1980 and
natural circulation was demonstrated in 1981.

0 The Experimental Breeder Reactor Il operated at 71-77% capacity while
serving as a fuels and materials test facility from 1976-1980.

c. Fuel Cycle Programs

The LMFBR fuel cycle programs are structured to develop the technological

and industrial base that will be required for ultimately closing the LMFBR
fuel cycle. They encompass fuel reprocessing, fuel fabrication, waste manage-
ment, and transportation. Most of the LMFBR fuel cycle programs are closely
associated with past developments in LWR fuel cycle technology. Independent
development within the LMFBR fuel cycle activities has concentrated on those
areas where significant differences exist between technology requirements for
LMFBR and LWR fuels. Developmental plants such as CRBRP and LDP initially
will be dependent on these fuel cycle programs for support in fuel fabrication,
spent fuel storage, and waste management. Arrangements after initial opera-
tions of the power plants will be made after future developments in fuel cycle

R& and possible commercial ventures become clearer.




The assumptions concerning model LMFBR fuel cycle facilities in WASH-1535
were based on commercial-scale fuel cycle capabilities sufficient to sustain
about 80 large LMFBR plants. Present LMFBR program plans for developmental
fuel cycle facilities are modest relative to these assumptions. Therefore,

the environmental effects should be no greater than those projected in the

PFES, WASH-1535.

This section describes the U.S. DOE programs on reprocessing, fabrication,
and transportation. Waste management activities are covered separately in

Section VI.A.(3) and in Appendix B.

(1) Fuel Reprocessing

After residence in the reactor for a 2-3 year period, LMFBR fuel must be
removed and fresh fuel provided. This replacement is necessary because

of; (1) damage to cladding and other structural materials by fast neutrons,
(2) a depletion of plutonium and buildup of fission products in the fuel rods
which reduce the system reactivity and ultimately would prevent the reactor
from reaching full power, and (3) plutonium produced in the blankets needs to

be recovered in order to produce additional fuel elements.

The fuel removed (spent fuel) would be processed to recover the plutonium
and the uranium in a reprocessing plant. Because the LMFBR requires a large
inventory of fissile material and because the bred plutonium is needed to
sustain LMFBR operation, recovery and recycle of plutonium from LMFBR spent

.

fuels is mandatory in a mature system of LMFBRs. A description of LMFBR fuel ‘
reprocessing, including its environmental impacts, is presented in Section 4.4 !

of the PFES, WASH-1535.




The reprocessing research and development program focuses on both the need
to supply fuel for developmental reactor plants from LWR fuel reprocessing
and the need to demonstrate technology for reprocessing of LMFBR fuel. The
current program calls for initial operation of a Developmental Reprocessing

Plant (DRP) in about 1996, a few years after initial criticality of the CRBRP.

Objectives of the fuel reprocessing programs are: (1) to develop and
demonstrate technology for reprocessing of LMFBR fuels which are more diffi-
cult to dissolve, contain a larger percentage of plutonium, and are more
highly irradiated than LWR fuels, and (2) to improve technology for light
water reactor fuel reprocessing and resolve institutional uncertainties so
that the private sector can build and reliably and economically operate plants
for reprocessing of light water reactor fuel in accordance with acceptable
standards for safety, safeguards, and environmental and radiation protection.
However, the emphasis of the current R&D program is on technology for LMFBR

fuel reprocessing.

Reprocessing of 1light water power reactor fuels has been carried out in the
U.S. and other nations since the mid-1960's, and operations in those facili-
ties indicated the need for improvement in plant operability and in radiation
protection of workers. Commercial LWR fuel reprocessing is not being carried
out in the U.S. at present. In addition, there are presently more stringent
requirements for safeguarding of fissile materials, for reductions in releases
of radioactive material to the atmosphere, and for treatment of radioactive
wastes. Research and development activities including design efforts carried
out at Oak Ridge National Laboratory, Savannah River Laboratory, the Barnwell

Nuclear Fuel Plant (BNFP), other DOE and DOE contractor sites, and by private

industrial organization have resulted in many technological advances which




provide increased assurance that operability, maintainability, safeguards, and
environmental and radiation protection of future LWR reprocessing plants will
be superior to those of the earlier plants. Among the more important achieve-
ments are: (1) development of high speed solvent extraction equipment which
will (a) reduce solvent degradation thereby improving product purity, and

(b) significantly improve the capabilities to measure product inventories,
thereby upgrading safeguards; (2) development of new maintenance techniques
and systems to reduce plant downtimes and employee radiation exposures;

(3) development and cold demonstration systems for krypton-85 removal from
reprocessing plant off-gas; (4) development and partial cold demonstration

of a computer controlled process-monitoring/safeguards system for an LWR
reprocessing plant; and (5) full-scale demonstration of borosilicate glass

waste solidification processes using irradiated LWR fuel.

The status of technology for reprocessing of LWR fuels is adequate to support
initial operations of a full scale plant beginning in about 1990, with
reasonable assurance that regulatory requirements for safeguards, environ-
mental protection, and radiation protection will be met, and that a high

containment factor will be achieved.

President Reagan's nuclear policy statement of October 8, 1981, endorsed
nuclear fuel reprocessing by private industry. Purchase of plutonium for use
in LMFBR development programs will be an incentive for operation of a plant by
the private sector. The Department of Energy has requested private industry
to consider the possibility of making a future commitment to build and operate
a reprocessing plant to meet near-term industry requirements. Should the

industry not make such a commitment in a time frame compatible with LMFBR




program needs, and especially those of the CRBRP,* other alternatives are
available, such as the modification and use of existing reprocessing facilities,

construction of new facilities, or possible multinational ventures.

Research and development for reprocessing of LMFBR fuel has been and is being
conducted, and both cold and hot processing demonstrations are planned because
of differences between LWR and LMFBR fuels. The higher fuel burnup at higher
specific powers for breeder fuel results in considerably higher radiation
levels and heat generation rates than are present with LWR spent fuel. This
introduces problems in fuel handling, dissolution, and solvent extraction
steps. The LMFBR spent fuel will contain a larger fraction of plutonium than
LWR spent fuel. Criticality control is thus a factor in plant design and
operation. The higher plutonium concentration also requires more sophisti-
cated techniques for assuring safeguards comparable to those for an LWR fuel

reprocessing plant.

A new fuel disassembly machine and shear device have been designed which
incorporate provisions for the higher heat generation and radioactivity levels
of the LMFBR fuel. A new rotary dissolver has been fabricated and is being
tested to assure high dissolution rates. New high speed solvent extraction
systems have been developed incorporating centrifugal contacters which have
been demonstrated for over 15 years at the Savannah River Plant. New centri-

fugal contactors will permit not only processing the fuel at higher radiation

*Adequate supplies of plutonium are projected to be available from DOE-produced
material to startup and operate the Clinch River Breeder Reactor Plant for
several years. Options are being examined to assure that additional fuel
will be available when required. One potential option is to acquire this
material from reprocessing of LWR spent fuel.
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levels, but also permit much shorter time for startup of the plant, and easier
and faster maintenance of equipment following failures. A large volume of
experimentation with high plutonium concentrations at critical mass labora-
tories is showing that an LMFBR fuel reprocessing plant can be operated with

a degree of safety that is comparable to that of other non-reactor, nuclear
fuel cycle facilities. Advanced concepts for precise measurement and control
of large quantities of plutonium in an LMFBR reprocessing plant are being
developed and limited demonstrations of advanced systems have been accom-
plished. The system proposed for future reprocessing plants will rely on
extensive use of computers. Considerable effort is underway to achieve the

reliability needed for safequards applications.

Equipment and systems developed for reprocessing of LMFBR fuels are to be
cold tested in the Integrated Equipment Test Facility (IETF) to provide
assurances of long-term operability, ease of maintainability, improved
process integration, and good measurement control. The integrated process

demonstration is expected about September 1982.

Demonstration of technology for reprocessing and recycle of LMFBR fuels is
planned to begin a few years after the planned initial criticality of the
CRBRP.* An early demonstration of LMFBR fuel reprocessing is essential to

commercialization of the LMFBR.

Preliminary conceptual design for the DRP has been completed. An environmental
analysis for this plant indicated that such a facility can be built and
operated within existing and proposed environmental guidelines. Preliminary

design efforts have been developed and a nucleus of an organization has been

*Britain and France have already successfully reprocessed substantial quantities
of spent LMFBR fuel from DFR, PFR, Rapsodie and Phenix at their reprocessing
facilities (Dounreay, Scotland and Marcoule and LaHague, France).
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established to address further the environmental impacts of the DRP (formerly

called the Hot Experimental Facility).

Reprocessing capacity for the DRP has been set at 1/2 metric ton of heavy
metal per day. Preliminary design concepts for the DRP have focused on both
a "stand-alone" facility, and a "breeder head-end" (probably through first
cycle solvent extraction) on an existing reprocessing plant. Final decision
on a "stand-alone," "breeder head-end," or alternative DRP will consider

cost, environmental impact, and importance of a reliable demonstration.

The fuel reprocessing plant presented in the PFES (WASH-1535) was assumed to
have a processing capability of five metric tons of heavy metal (uranium plus
plutonium) per day, which would permit the plant to serve about eighty LMFBR

power plants each having a capacity of 1000 MWe.

Environmental impact and public health effects, due to radiological emissions
that would result from normal as well abnormal (accidents) operations of the
DRP, having a throughput capacity of 1/2 metric tons of heavy metal per day,
will be significantly less than those impacts from the much larger capacity
reprocessing plant (five metric tons per day) described in the PFES. However,
impacts on a unit capacity basis (i.e., per MWe) would be essentially the same
as those given in the PFES. Site requirements for a large reprocessing plant
are similar to those for an LMFBR power plant. Without a significant economic
penalty, a reprocessing plant can be located in an area relatively remote from
centers of power usage (and hence population). Access to facilities for
transportation of heavy loads by rail, truck, and perhaps barge, is a necessity
for a reprocessing facility. The nonradioactive gaseous and liquid chemical

effluents expected from the routine operations of the reproceséing plant would
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be treated as required to reduce the concentrations of those substances to

acceptable levels.

(2) Fuel Fabrication

Fuel fabrication is one of the major elements of the LMFBR nuclear fuel cycle.
Operations for manufacture and assembly of fuel pins into fuel assemblies

for an LMFBR would be performed in a fuel fabrication plant. The current
development program, and hence the following discussion, addresses the fabri-
cation of plutonium bearing core materials. Commercial capability already
exists to fabricate LMFBR blanket assemblies which contain only uranium

dioxide.

Past LMFBR fuel manufacture was characterized by manual, glovebox fabrication
of fuel pellets and fuel pins. This method of fabrication will not meet
future fuel requirements of the LMFBR program (FFTF, CRBR, and LDP) because of
the desire to maintain high production rates and very low personnel radiation
exposures, the need to fabricate fuel containing higher percentages of 240Pu,

and the need to provide enhanced safeguards for Special Nuclear Material (SNM).

To satisfy the immediate fuel fabrication needs of the program, a Secure
Automated Fabrication (SAF) Program was established. Its objective is to
develop and demonstrate an advanced manufacturing line for plutonium oxide
breeder reactor fuel pins. The SAF 1ine® will have a production rate of

6 metric tons of U/Pu mixed oxide fuel per year, which is sufficient to

fuel both FFTF and CRBR. To support the next large development plant (LDP),
additional fabrication capacity will be required. The SAF line is to be
installed in the Fuels and Materials Examination Facility (FMEF) at the

Hanford Engineering Development Laboratory (HEDL) and will utilize technology
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that incorporates improved safety features for protection of plant operating
personnel, the public, and the environment. Equipment and process improvements
incorporated in the SAF line will yield significant gains in nuclear materials
safeguards, product quality and productivity. The SAF line provides the key
1ink between development and full-scale demonstration of technology that will

enable commercialization of LMFBR fuel fabrication in the future.

Fabrication of fuel on the SAF 1ine in the fully automated and remotely
operated mode results in the following important advances over current manual
fuel fabrication technology:

0 Reduced radiation exposure to plant personnel

0 Reduced access to Special Nuclear Materials (SNM)

o Improved containment of SNM

0 Near real-time accountability of SNM

o Improved product cost and quality

0 Increased protection of the public and the environment from radiation.

As plant equipment is delivered, it will be installed and pretested in the SAF
Cold Test Facility (CTF) at HEDL. As cold testing of equipment continues in
CTF using non-nuclear feed materials, process testing of key unit operations
will be performed concurrently in the HEDL Fuels Development Laboratory using
plutonium/uranium mixed oxide. Pretesting and modification of production
units for the SAF line will be completed prior to their installation in FMEF
in 1984. Further testing of equipment will occur in the FMEF after all equip-

ment is installed. Preproduction qualification runs beginning in 1985 will

precede FFTF fuel production, scheduled to commence in mid-1986.




The basic fabrication process includes receiving and assaying nuclear ceramic
powders, blending of the powders, pelletizing and sintering the powders into
fuel pellets, and loading these pellets into finished fuel pins. The SAF line
will include necessary support systems for nondestructive assay, SNM account-
ability, rapid chemical analysis, waste and scrap handling, maintenance, and
material handling. A1l processing equipment and support systems will be
combined to form an interdependent, fully integrated, automated and remotely
operated fuel fabrication system. Each unit process and the equipment to be

used are based on fully developed technology.

SAF process equipment will be partitioned in shielded process enclosures. Each
enclosure will contain one or more process, storage or analytical functions as
well as material handling and material accountability equipment. These en-
closures will provide the primary plutonium/uranium containment boundaries and
major neutron and gamma radiation shielding. Storage for in-process materials
will be included in most process enclosures and will be adequately sized to
provide continuity of operation for the process line. Secondary confinement
walls will be erected around logical groups of process enclosures. Process
control stations located at several points near the process equipment, but
external to the secondary confinement, will be used as the primary means of
remote control. An operations center located in a separate room adjacent to
the SAF line will provide for centralized process data collection and will

supervise material transfers and overall line operation.

Development of the technology required to achieve the SAF line objectives is
complete. Prototype equipment for numerous unit operations is being tested
at HEDL, GE, and WARD. Installation of the SAF line in the FMEF will begin

in 1984 upon completion of the FMEF. An Environmental Assessment for the FMEF
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that incorporates fuel fabrication in the SAF 1ine has been comp]eted.ﬁJ’8

The CTF is operational and cold unit testing is underway. For purpose of
assessment in the PFES (WASH-1535), a fuel fabrication plant was assumed to
have a capacity of five metric tons per day (about 1500 metric tons per year)
which could produce the fuel required annually for eighty LMFBR power plants,
each having a capacity of 1000 MWe. This capacity would be needed to support
the needs of a widely deployed breeder economy. The current federal program
for meeting fuel fabrication needs of reactor plants of the LMFBR program is
smaller in scope, involving the design, construction and operation of fuel
fabrication capability of only six metric tons per year, but containing design
features that could be scaled-up to meet future commercial requirements.
Consequently, the environmental impacts of the current program are expected

to be less than those presented for the much larger plant described in the
PFES. Given also that the FMEF/SAF facility is located at a relatively remote
site (at HEDL), public health effects on a unit capacity basis (i.e., per MWe)

are expected to be less also. Impacts due to construction of the fuel fabrica

tion plant would not be markedly different from those of construction of the

LMFBR power plant or other large construction projects.

(3) Transportation

Within the LMFBR fuel cycle, transportation includes shipments of unirradiated
and irradiated material from the power plants, the fuel fabrication plant, and
the reprocessing plant. Developments in nuclear fuel cycle transportation have
been due primarily to research conducted for government facilities and for LWR
fuel. Transportation system safety has been backed by a program of designing

and testing packages under severe conditions. The goal of that program is to
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ensure that, in the event of an accident, the probability of release of any

radioactive material would be very small.

There are unique requirements for transportation within the LMFBR fuel cycle.
Specifically, some of the requirements are enhanced cooling capacity for spent
fuel, enhanced radiation barriers around spent fuel, and adequate safeguards
for separated plutonium. The more stringent spent fuel requirements are the
result of the need for rapid recycle of LMFBR fuel in order to obtain optimum
breeding performance. These limited cooling times add to the requirements

that result from the high burnups characteristic of LMFBR fuel.

Requirements and environmental impacts for LMFBR fuel cycle transportation are
essentially the same as those that were considered in WASH-1535. The current
LMFBR development plan involves fewer facilities and less transportation, and
the environmental effects from implementing the plan should be no greater than

those discussed in the PFES.

Since the PFES was issued, containers for fresh CRBRP fuel have been designed,
and the Safe Secure Trailer (SST) system has been put into effect for plutonium
transport. Spent fuel shipping casks have been developed to the conceptual

design stage.

B. Alternatives Within the LMFBR Program

The program alternatives are somewhat more focused than they were in ERDA-1535.
There, the reference plan was for a broader, more expanded program involving
more plants and facilities. Seven alternatives to the reference plan were
identified. Current planning now identifies only two major developmental plant

projects. Three program alternatives are identified: proceed directly to the




LDP, cancel the CRBRP; complete CRBRP, cancel LDP; and cancel or defer both
CRBRP and LDP. The direct environmental effects of these options are neither
substantially nor significantly different from similar ones identified in

ERDA-1535.

1. Proceed Directly to the LDP, Cancel the CRBRP

The design of the CRBRP is essentially complete. Many of the major components
have been fabricated, and much of the component testing has been completed or
is in progress. It has been proposed that in its present state the CRBRP has
provided sufficient information and that construction and operation are not
necessary. This alternative substitutes instead continuation of the LMFBR

program with the LDP as the first developmental plant.

The gains from deleting CRBRP construction and operation are 1imfted to the
saving of the construction costs not already cormitted and of any operating
costs not covered by electricity sales as well as avoiding environmental
impacts associated with construction and operation. Because of its advanced
state of design and fabrication, about one billion dollars have already

been committed of the total project cost of somewhat more than three billion

dollars.

The losses from terminating CRBRP construction and operation include early
data on startup, operation and individual component and overall plant perform-
ance. Such experience is important for early identification and resolution of
problems and simply to provide greater information on component performance,
reliability and maintainability to the LDP program and to the eventual LMFBR
commercialization decision. For example, the cell construction experience

at FFTF resulted in design improvements for CRBRP. Early data on plant




performance provides the opportunity to optimize fuel performance, plant
capacity factor and thermal efficiency. In the reference plan the CRBRP
operating data will start accumulating and be available for use during the
critical last half of the LDP design effort. While early project decisions
will have been made on components and system designs, there will still be
ample opportunity to make LDP design modifications based on CRBRP experience.
Much of the CRBRP information, such as results of the components tests and
additional R& work in safety, materials, and physics, will be available in

1982 for factoring into the preliminary LDP design.

Early utility involvement in construction and operation of an LMFBR will
also be lost, which will Tikely lead to delays in the LDP program. More
seriously, CRBRP cancellation could lead to eroded utility confidence in
federally-sponsored advanced-reactor programs. Cancellation of CRBRP with
its utility commitment of money and effort may preclude utility involvement

in future LMFBR programs.

Another loss will be in licensing experience. Knowledge gained during the
CRBRP l1icensing process by the utilities, vendors, operators and regulators
should be readily applicable to LDP. Any generic licensing problems can be
identified and resolved early. Furthermore, important environmental impact
and safety information to be gained during CRBRP licensing and operation would

not be obtained.

Cancellation of the CRBRP would constitute a break with sound engineering
practice. The construction of a plant in the 350 MWe-size range between the
present plants (18 MWe EBR-II and 400 MWth FFTF) and the proposed 1000 MWe

LDP plant follows the step taken by all other countries currently developing




the LMFBR and follows the steps taken in the U.S. light water reactor program.
The intermediate-size plant allows for reasonable scale-up of all major plant
components such as sodium pumps, heat exchangers and steam generators. Direct
scale-up from current technology to 1000 MWe entails an extra technological
risk that some component will not perform as intended. Such performance
failures could result in delays and increased costs. Increased technological
risk may also reduce the willingness of industry to participate financially in

the LDP Project.

In summary, cancellation of the CRBRP will provide only a relatively small,
short-term financial savings. But the losses will be large to the LMFBR
program in operating and licensing experiences, component and plant perform-

ance data, in utility commitment, and in greater technical risk to the LDP.

2. Complete the CRBRP, Cancel the LDP

This option, building the CRBRP and cancelling the LDP, proposes that the 350
MWe CRBRP will provide all of the plant operating experience that is necessary
prior to turning the LMFBR commercial deployment decision over to industry and
the utilities. Scale-up to a plant of near-commercial size (1000-1200 MWe)
would be accomplished by testing the core design with critical experiments,
testing the major heat-transport components individually, finishing fuel and
other core component testing in the FFTF and the EBR-II, sharpening the
available design tools, improving safety analyses of large LMFBRs, and

doing tests on other components of the system as deemed necessary.

The benefits for removing the LDP from the LMFBR program are the savings
from construction costs and the savings, if any, from plant operating costs

not covered by electricity sales as well as avoiding environmental impacts




associated with plant construction and operation. DOE programs to handle fuel
fabrication, spent-fuel storage, transportation and reprocessing will still
be required, as they are with the CRBRP, until a complete commercial fuel

cycle is realized.

The arguments against this proposed option are many. A major concern is that
the capability for commercial deployment of LMFBRs may be delayed indefinitely.
The CRBRP is not intended to provide, and cannot by itself provide, proof of
commercial viability of the LMFBR. The financial and technological risks of
making a commercialization decision based on operation of a roughly one-quarter
to one-third size plant are obviously much greater than making the decision

to scale-up from 1000 MWe to 1200-1500 MWe. Furthermore, the costs of a
first-of-a-kind plant are necessarily much higher than for conventional power
plants. In view of the recent regulatory and licensing climate, utilities may
not be willing or able to bear the entire costs of demonstrating commercial
LMFBR technology. Failure to have developed this long-term option for nuclear-
electricity generation by the time it is needed will be the likely result of

this option.

A second major concern in eliminating the LDP is the probable significant
erosion of the industry/utility/laboratory infrastructure that will form the
basis for future LMFBR commercialization. The most significant loss will be
many of the highly-trained technical personnel. Another serious loss will
1ikely be some capability in sodium-system component manufacturing. Without
the LDP project, some focus will also be lost from the base technology program.
If the utilities were unable, by themselves, to maintain momentum in the LMFBR

program, the financial cost to the federal government of re-establishing the
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LMFBR infrastructure could be substantial, offsetting any savings from LDP

cancellation.

To summarize, the current LMFBR program plan includes fundamental and extensive
utility and federal involvement in the LDP project. Details of financial
arrangements have not yet been specified. However, termination of Federal
involvement will terminate the project and signal the end of developmental
plant construction. The CRBRP alone cannot generate a sufficient basis of
safety, construction, environmental impact (including potential mitigating
measures), and operating data to permit a sound commercialization decision by
utilities. Furthermore, it does not appear reasonable to require the utilities
to assume the entire burden and risk of the first large LMFBR. A utility
decision to do so essentially involves a commitment to LMFBR commercialization.
It is unlikely that such a commitment could be made in time to prevent sig-
nificant erosion of the required industrial/technological infrastructure.
Moreover, a decision on LMFBR commercialization involves considerations,
national as well as international, that are far beyond the scope of a utility

network. Fundamental Federal participation in such a decision seems essential.

3. Cancel or Defer A1l Developmental Plants

If both the CRBRP and LDP were cancelled or deferred indefinitely, only the
base technology program and associated supporting fuel cycle activities would
remain. A sound decision to commercialize the LMFBR can only be made if each
of the major elements in the LMFBR program has been carried far enough to
assure that the program objectives are attained. Developmental plants comprise
the single most important elements of the LMFBR program. They are essential

to any serious commitment to develop LMFBR technologies in the U.S.
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Without operating plants there is no significant involvement of utilities

and reduced involvement of industrial suppliers in LMFBR development programs.
Construction, startup, operating and licensing experience will be completely
lacking. Deletion of demonstration plants will seriously disrupt the
continuity of the current program. Personnel and facilities engaged in plant
and component design and fabrication will be lost by even a few years delay,
and their retrieval will be difficult. The risk of losing this expertise now
and accepting the large expense of reacquiring it later is not prudent

policy. Based on .the experience of the CRBRP, a 5-year delay in construction
of the developmental plant schedule implies a 1ikely delay of even greater

magnitude in possible deployment.

A long-term delay of construction involves significant losses and risks.

Most important, it will not be possible to obtain integral operating system
data on the operating and economic performance of LMFBRs which is required
for a decision on eventual commercialization. As a consequence, the potential
date of LMFBR deployment is pushed back with the increased risk to the
nation's energy security and the potentially high economic penalty of not
having the LMFBR available when it is needed. In addition, the surviving
base technology program may begin to lose focus without well defined perfor-
mance objectives for its activities. The base program will lose the important
feedback information from plant operating and licensing experience. Environ-
mental impact and safety information to be developed during licensing and
operation of the developmental plants would not be obtained. In addition,
potential measures to mitigate LMFBR powerplant environmental impacts would

probably not be developed.
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Without the CRBRP and the LDP, the utilities cannot be expected unilaterally
to finance and construct another LMFBR plant. Therefore, if and when a
positive decision on the wide-spread deployment of LMFBRs is made, the

state of LMFBR technology in the U.S. would be defined by whatever progress
had been made in basic research and development. The gains from deleting
the construction and operation of all developmental plants are the financial
savings of the construction costs and the operating costs not covered by
electricity sales and avoiding environmental impacts associated with plant

construction and operation.

C. No Action (Terminate the LMFBR Program)

Terminating the LMFBR program implies turning away from 35 years of progress
to develop this technology. Several widely-recognized energy policy studies
have addressed the role of the breeder reactor and have been supportive of
continued breeder development. The Ford-Mitre study conc1uded:9

"While there are good reasons to delay commitment to plutonium
breeders* and such a delay would not be economically consequential,
breeders are a major energy resource. They provide high confidence
insurance against failure of other energy sources in the future.
The breeder option should be preserved since the cost of uranium
will eventually rise, coal may eventually be found to have
unacceptable adverse consequences that cannot be avoided, and
other alternative energy sources may prove to be very expensive."

The Resources for the Future Study conc1uded:10

"Specifically, the United States needs a vigorous R& program focused
on providing candidates for a decision whether to build one or two
large-scale (but not commercial) steam-generating breeder reactors.
The target decision date, given the possibility that a commercial
breeder may need to be deployed by 2010 or so, should be 1985-1990."

*The Ford Mitre report considered LMFBR commercialization as early as 1993.
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The National Research Council's CONAES study said:11

"At relatively high growth rates in the demand for electricity,
the attractiveness of a breeder or other fuel-efficient reactor is
greatest, all other things being equal. At the highest growth rates
considered in this study, the breeder can be considered a probable
necessity. For this reason, this committee recommends continued
development of the LMFBR so that it can be deployed early in the
next century if necessary. Any decision on deployment, however,
should be deferred until the future courses of electricity demand
growth, fluid fuel supplies, and other factors become clearer."
Current government policy is along the lines suggested in the National Research
Council recommendation; a decision by the private sector on commercialization
of the LMFBR, and that decision to be made later as development program

results and other factors become clearer.

As discussed in WASH-1535, it has been proposed that another alternative would
be for the U.S. to purchase foreign technology rather than to pay for our own
domestic LMFBR fuel cycle development program. Such proposals often neglect

to account for the extensive domestic development work that would still be
necessary to assure that foreign breeder designs would satisfy unique U.S.
licensing requirements. This may involve, among other things, the need to make
substantial plant modifications to key safety features such as the reactor con-

tainment building, reactor safety systems, and shutdown heat removal systems.

Some foreign LMFBR development programs, particularly in France, are aimed
more vigorously at commercialization than that in the U.S. It might seem
that the U.S. could forego LMFBR development expense by purchasing foreign
technology. However, one of the central features of U.S. energy policy

of the past four Administrations has been to reduce U.S. reliance on
foreign sources of energy supply. Regardless of current alliances, politi-
cal or commercial barriers 20-40 years hence could prevent a foreign LMFBR

supplier from selling to the U.S. Even if reactors were sold, without a
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complete domestic fuel cycle capability, the U.S. would have to rely on
foreign sources of reactor fuel supply. This could have national security
implications that are not unlike those associated with current U.S. dependence
on foreign supplies of oil (see Vol. IV, page 11.1-18 of WASH-1535 for addi-

tional material on importing foreign breeder reactor technology).

The major gain from termination of the LMFBR program is the saving of about

10 billion dollars over the next 20 years or so. Environmental impacts asso-
ciated with the program would bé avoided. The loss to the nation's long-term
energy supplies is potentially severe. Significant work has already been done
to bring U.S. LMFBR technology to its current state. The technology has been
proven and no fundamental scientific breakthroughs are required for its future
development. While the money saved from the LMFBR program might be spent on
other potential inexhaustible electric energy supplies, no other large-scale,
long-range electricity supply option has achieved the advanced state of the LMFBR.
No other long-range electricity option is close enough to large-scale deployment
for reasonably certain cost projections to be made. Finally, the LMFBR option

is needed as insurance against the failure of other alternatives to develop.

D. Alternate Long-Term Technologies

Solar electric and fusion were the two technologies singled out in ERDA-1535
as major candidates, in addition to the breeder, to provide an essentially
inexhaustible source of energy to help meet the Nation's electrical energy
needs in the next century. These are still the primary candidates for meeting
long-term U.S. energy needs. Government policy is that public spending is
appropriate in long-term energy research, where the risks and potential

12

payoffs are high. The LMFBR, solar electric and fusion programs are all

being pursued. Al1l three technologies may be needed in the 21st century.
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There is no need to choose among these three long-term alternative energy
technologies now. Instead, the marketplace and/or electric utilities will
make selections based on environmental, economic, regulatory and other grounds,

when the technologies are developed.

The Government strategy is, and has been, to pursue a broad program of research
and development, to ensure that these technologies can be deployed when they are
needed.13 The solar and fusion energy programs are described in the following
subsections. This material is revised and updated replacements for the com-

parable material presented in ERDA-1535.

(1) Fusion Energy

MAGNETIC FUSION PROGRAM

The goal of the magnetic fusion energy program is to develop fusion's highest
potential; i.e., to realize the most promising commercial opportunities for
fusion energy. Historically, the primary approach of the fusion program

has been toward the single goal of developing systems for the commercial
production of central-station generated electrical power. However, there are
other applications of fusion systems apparent today such as the production of

chemical fuels.

Within the program itself, a number of alternatives are being examined. Such
alternatives include different fuel cycle concepts (deuterium-tritium, deuterium-
deuterium, etc.) and several varying technological approaches to magnetic
confinement (tokamaks, mirrors, etc.). At present the most likely near-term
fusion reaction involves two isotopes of hydrogen: deuterium (D) and tritium

(T). The fuel atom deuterium is present in water in sufficient quantities to
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be available for many millions of years. The isotope tritium does not
naturally occur in the environment in sufficient quantities to fuel a fusion
power economy. Therefore, it will be necessary to "breed" the tritium from
1ithium, which is an abundant element both on land and in seawater, in a layer

of material called a "blanket" surrounding the plasma region.

A number of reactions other than D-T fusion, referred to as alternate fuel
concepts, are of potential use and are being studied in the program. However,
because of the relatively low temperature required and the high reaction
energy, a favorable energy gain Q is far easier to achieve with D-T fusion
than with any of the alternate fuel reactions. When greater temperatures,
densities, and confinement times can be achieved, alternate fuel concepts

will have major advantages. For example, they may eliminate the need for
tritium by using only naturally occurring fuel (e.g., deuterium), and allow
the design of reactors that would produce electricity directly (i.e., without
the use of a thermal heat cycle). Thus, these alternate fuel cycles may
favorably influence the environmental impact of fusion power many years hence,

but will follow development of the D-T cycle.

To establish the viability of magnetic fusion energy as a commercial power
source, the National program is directed toward construction of a demonstra-
tion or prototype reactor that will demonstrate the safety, reliability,
environmental acceptability, and economics of fusion power in a manner that
extrapolates to commercial reactors. Scientific feasibility or breakeven
levels of fusion energy have not as yet been demonstrated, but recent research
developments in magnetically confined plasmas give a high degree of confidence
that net fusion energy devices can be built. In fact, the significant achieve-

ment of fusion breakeven conditions is expected to take place in the mid-1980's
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with the operation of the Tokamak Fusion Test Reactor at Princeton Plasma

Physics Laboratory in Princeton, New Jersey. Within this time frame, the

magnetic fusion program is expected to begin moving from basic and applied
research into technology development. The Magnetic Fusion Energy Engineering
Act of 1980 (H.R. 6308) targets 1990 as the latest date for the operation of
a magnetic fusion engineering device and the early 1990's for demonstrating
the engineering feasibility of magnetic fusion. The implementation of this
act will signal a shift in program focus from plasma physics to engineering

and technology development.

INERTIAL FUSION PROGRAM

The goal of the inertial fusion program is to develop the maximum potential of
inertial fusion for application to weapons physics research and to commercial
fusion power. Energy production by inertial confinement of fusion reactions
has already been demonstrated with the hydrogen bomb. The challenge is to

achieve and support such reactions on a scale millions of times smaller.

The focus of the program in the near term is on a thorough understanding of
driver-target interactions in the range of laser or particle-beam energies
obtainable with experimental facilities presently under construction. The
knowledge gained will support a decision in the mid 1980's on the most prom-
ising driver-target approach to pursue toward the milestones of thermonuclear
ignition of small fuel masses, scientific feasibility, high energy gain, and

engineering feasibility.

Three different driver technologies are currently being pursued: short-wave-

length lasers at Lawrence Livermore National Laboratory with support from

KMS Fusion, the Naval Research Laboratory, and the University of Rochester;




long-wavelength lasers at Los Alamos National Laboratory; and pulsed power
(1ight-ion) generators at Sandia National Laboratory. Experiments with each
kind of laser will measure and verify theoretical understanding of important
energy coupling properties and will extend existing scaling data 1 - 3 orders
of magnitude higher in driver energy. Pulsed-power experiments will allow a
determination of beam focus capabilities with the current technology, which is

the critical issue for this approach.

One of the significant advantages of inertial fusion from an engineering point
of view is that the bulky and complex parts of the reactor are separate from
the reactor vessel itself, and can be removed some distance. This means that
an inertial fusion reactor may have a relatively small containment volume;

that its operation, maintenance, and repair should be fairly simple; and that
the most expensive components, including the massive inner wall of the reactor,
need not be subject to neutron bombardment and activation. The potential also

exists for a wide variety of power plant sizes and configurations.

(2) Solar Electric Systems

The program is organized into four sub-programs:
0 Wind Energy Conversion Systems (WECS)
o Solar Photovoltaic Conversion
o Solar Thermal Conversion

o Ocean Thermal Energy Conversion (OTEC)

This priority ranking is based on the near-term power production capacity
objectives of the four types of solar electric systems and on their present

state-of-the-art. Summary information on these programs, primarily covering

changes since ERDA-1535 was issued, is given in the following paragraphs.




Wind Energy Conversion

The intermittent nature of the wind and the wide geographical and seasonal
variations in the availability of this energy source require either supple-
mentary energy storage capabilities or interties of wind energy conversion
systems (WECS) with conventional energy systems. The projected high capital
costs of initial large-scale WECS prototypes (i.e. 100KWe, rated, or larger)
need to be reduced by a factor of approximately 2 for such systems to be
competitive over very large regions with conventional systems in utility
applications. Cost reductions in the area of rotors, hubs, and advanced
systems configurations could achieve this goal. Estimates of lifetime of
large-scale WECS are uncertain because of insufficient data on operational
dynamics of rotors and other components. At present, there are inadequate
capabilities to estimate accurately the annual energy output of WECS units,
of a specific design, located at a specific site. In addition, there is
limited information on utility interties and operational requirements and

almost no experience with large scale windfarms.

Present institutional problems include: (1) incomplete information on possible
environmental effects of large multi-unit WECS such as television interference
caused by rotating WECS blades; (2) insufficient information on legal and
regulatory questions and (3) uncertainties in the availability of sufficient
investment capital and experienced personnel to meet the WECS growth rate
required to produce a significant impact on the Nation's energy requirements

in the near- and mid-terms. In addition, the present acceptability to public
utilities of large-scale yECS is lTimited by their intermittent operational

characteristics. These are acceptable when WECS are used in a "fuel saver"
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mode; however, their use to supply base l1oad capacity for utility networks
will require large associated energy storage capabilities or backup by conven-

tional systems for electrical generation.

Extensive utility applications of WECS will require reliable, cost-effective,
large size wind machines frequently employed in a cluster or windfarm. The
Federal program has supported the development, test and demonstration of a
series of WECS systems of increasing sizes and power output capabilities,
advanced the technology through R& projects, and addressed barriers to large
scale implementation through studies of institutional constraints. 100-KWe to
2-1/2-MWe systems have been demonstrated. In the mid-1980's multiple individ-
ual units or windfarms with total output capacities of 10- and 100-MWe may be

installed and tested in privately sponsored projects.

Methods of improving the performance-to-cost ratios of the types of WECS
systems described above will be explored through a series of projects that
address rotor dynamics, aerodynamics, improved components and system economics.
Advanced system designs, using vertical axis rotors, diffusers and vortex

concepts, will be examined.

Projects may be undertaken that examine various possible agricultural
applications of WECS including electrolyzing water to produce hydrogen for
on-site fertilizer manufacturing, space heating, and crop drying. The capa-
bility to rapidly locate and assess sites with sufficiently high average wind
velocities for WECS viability will be addressed through modeling, methodology
development, and wind resource and forecasting studies. Separate studies of
environmental effects will be undertaken to determine the possible impact of

large-scale WECS applications.
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Solar Photovoltaic Conversion

Photovoltaic technology is well-developed and proven for relatively small
electric power systems and remote area needs (e.g., space satellites and
telecommunication relays), but the present installed system costs are about
a factor of ten too high to compete with more common electric power systems
for general U.S. electric power needs. The present high cost of installed
systems arises mainly from the high cost of solar arrays and the need for
large collector areas because of the relatively low energy density of the
solar energy radiation reaching the earth's surface. In addition, the design
of practical systems must address the problems of providing power from a
resource that varies diurnally, seasonally, and geographically, as well as
with weather conditions. Thus, photovoltaic systems normally require the
availability of either supplementary energy storage capabilities or inter-

connection with conventional energy systems.

The 1981 costs of commercially available flat-plate silicon photovoltaic
arrays are about $7000 per kW peak, which is one-half to one-third the nominal
cost of an installed system. An installed photovoltaic system would cost
$15,000 to $20,000 per kW peak, which is a factor of 10 too high for such
systems to be competitive with conventional systems for widespread applica-
tions in U.S. residential use. These cost estimates include the nominal costs
of converting the Tow voltage DC output of existing photovoltaic collectors to
the requirements for many applications. Present photovoltaic arrays convert
solar energy to DC electricity with efficiencies of about 10 percent and have
endurance and lifetimes in terrestrial environments of about 20 years.

Various possible constraints to rapid system implementation include possible
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ecological impacts of large arrays, although these impacts do not appear to be

significant.

Projects are planned through the mid-1980's to improve technical design

efficiency, reliability, 1ifetimes and energy payback times of solar photo-

voltaic conversion systems through studies on:

0 Crystal growth

0 Low-cost silicon solar arrays

o Encapsulation

0 Alternative materials

0 Promising concentrator devices

o Operating and maintenance procedures

0o Testing and standards

0 Long-term energy storage for independent operations

0 Power conditioning and electrical utility grid interfacing

Automatic array manufacturing and testing processes and improved design and
installation techniques for solar photovoltaic conversion systems need be
pursued by industry. Industrial objectives are to achieve a production of
solar arrays with a cost goal of $700/peak kW by 1986 for a solar array
production rate of about 500 kW peak per year, and with a cost goal of $150 to
$400 per kilowatt in the 1990's at a production rate of about 2 GW peak per
year. A research and technology transfer program is underway as a Federal
responsibility. A series of federally-sponsored tests, experiments, and
applications of solar photovoltaic conversion systems was initiated in 1979
and are providing performance data in selected user environments. A series

of studies have been conducted to determine possible environmental, legal,




societal, or institutional impacts, as well as means of removing these types

of constraints, if any, on public and user acceptability.

Solar Thermal Conversion

Solar thermal conversion systems collect the sun's radiant energy for the
direct production of process heat, the generation of electricity or the
manufacture of transportable fuels and industrial feedstocks. Such systems
entail the use of concentrating collectors (point-focus central receiver,
parabolic troughs, parabolic dishes and hemispherical bowls) and salt-gradient
solar ponds. Each concept is expected to satisfy important segments of U.S.
energy requirements, for example, central receivers for large utility electric
power generation and high temperature heat, troughs for mid-temperature
on-site process heat or electricity generation, and dishes for mid- and
high-temperature process heat, and small or remote electrical applications.
The integration of low-cost thermal storage with concentrating collector
systems permits system operation during periods of intermittent insolation and
the extension of such operation to meet conventional intermediate load require-
ments. Salt-gradient pond systems are expected to operate in the peaking,
intermediate or base l1oad mode, depending on system design, due to inherent

thermal storage in the pond fluid and associated containment.

Solar thermal system concepts are in various stages of development. For
example, parabolic troughs are entering the commercial market, a central
receiver pilot plant will begin operations in 1982, parabolic dish sub-
systems are being tested, and the first U.S. solar pond prototype powerplant

is under design. Consequently, from a broad perspective, technological
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issues related to solar thermal systems may be generally categorized as
follows:

o Systems operating experience that provides assurance of availability
and reliability to meet demand requirements and that allows projection
of operating and maintenance costs of full-scale systems;

o Systems, subsystems, components and materials testing sufficient to
verify achievement of lifetimes comparable to conventional energy
systems;

0 Materials, components and subsystems research to reduce costs substan-
tially and to increase efficiencies, thereby enabling solar thermal
suppliers to enter the marketplace at the accelerated pace necessary
for "take off" as private endeavor; and

o Identification and proof of technical feasibility of processes for
bulk production of fuels and chemical feedstocks made from solar
thermal energy.

Some electric utilities are contemplating the introduction of solar thermal
systems that operate in the fuel-saving mode, i.e., by repowering existing gas
or 0il fired powerplants. Such systems are not expected to be impacted by
periods of low insolation. At least one utility is contemplating a "stand
alone" plant in which the grid would compensate for low insolation. Extensive
use of "stand alone" systems in a particular utility network will require
comparable reserves, either in the form of conventional capacity or storage,
and the ability to dispatch it economically. Such dispatch capability can be
developed and will not adversely impact utility operations. Moreover, the
integration of solar thermal systems into a utility grid is expected to be

fully compatible with state and local regulations and normal utility operations

and maintenance procedures.
1976-1979

o System, subsystem, materials, environmental and socio-economic
studies conducted to identify cost-effective technical concepts
and address institutional issues.
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0 Successfully built and tested small but first-of-a-kind parabolic
trough systems in electricity-generation application (irrigation
pumping).

0 Successfully tested highly reliable 150kWe trough system (irrigation).

0 Established test facilities for all concentrating collector concepts:
Central Receiver Test Facility, Mid-Temperature Solar System Test
Facility, both at Albuquerque; Advanced Concepts Test Facility,
Georgia Tech; Parabolic Dish Test Facility (Edwards AFB).

0 Began design of first-of-a-kind central receiver and parabolic dish
systems (10 MWe pilot plant and "Shenandoah" total energy/cogeneration
facility).

0o Initiated series of field tests for application of parabolic troughs
to low- and medium-temperature Industrial Process Heat requirements.

0o Initiated diverse program for low-temperature heat utilization in
agricultural applications.

1980-1981

0 Completed construction of 10 MWe proof-of-concept central receiver
pilot plant; operation scheduled in 1982.

0 Completed construction of total energy dish project; operation
scheduled in 1982.

0 Improved cosg and efficiency characteristics of parabolic troughs in
200°F to 500°F experimental applications at numerous industrial
sites.

0 Progressed towards developing dish systems with a solar/fuel hybrid
capability.

0 Mobilized teams of scientists, engineers and managers at universities
for innovative contributions to solar thermal research.

o Completed second-generation heliostat design, checkout and qualifica-
tion efforts.

o Completed test of first-of-a-kind molten salt receiver (central
receiver subsystem).

0 Successfully tested, at 2600°F, Brayton-cycle receiver for use in
parabolic dish systems.

0 Established scientific feasibility of "sunfuels" processes for fuels
and chemicals production.
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1982--(plans)

0 Conduct sodium receiver subsystem experiment (central receivers).

o Complete conceptual design of large-scale salt-gradient solar pond
(Salton Sea project).

o Conduct Stirling engine tests at Edwards (dish test site).
o Complete molten salt storage experiment (at CRTF).

o Operate 10MWe pilot and Shenandoah projects.

Ocean Thermal Energy Conversion (OTEC)

Problems
Technological:

o Design and testing of large diameter cold water pipes for deployment
to depths up to three thousand feet must be demonstrated.

Institutional:

o Environmental impacts associated with circulating large quantities
of ocean water need to be determined and weighed. Implications
of navigational rules, maritime certification and licensing require-
ments* and resource-recovery structures associated with maritime law
need to be examined.

Implementation

The development program for ocean thermal conversion systems is comprised
of system definition and the development of critical components, followed

by proof of concept and demonstration units.

Facilities have been established on both Tand and sea for test and evaluation
of critical components and subsystems. Supportive studies are being conducted
for identifying possible barriers to optimum implementation and to explore

energy conversion, storage and delivery systems. Based on test results and

*The National Oceanic and Atmospheric Administration (NOAA) has published the
licensing requirements for commercial OTEC plants (15 CFR Part 981).
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supporting studies, OTEC proof-of-concept experiments are planned for deploy-
ment in the mid to late 1980's. These experiments could simultaneously
investigate the feasibility of electricity production and the capability to
produce energy - intensive products, such as ammonia for fertilizer and fuels
such as methanol and hydrogen. The following projects have been conducted:
0 System design, critical component research and development and
studies of biofouling, materials problems, energy delivery, and legal

and environmental issues.

o Conceptual and engineering design of a land-based test facility
and operation of a sea-based engineering test facility.

0 The land-based facility is designed for continuing tests on heat
exchanger designs and cleaning techniques.

Projects planned for the 1980's include:
0 The design, construction, deployment and testing of proof-of-concept

ocean thermal energy conversion systems.

Other Solar Energy R&D Activities

Research and development and financial incentives for the solar electric
energy field are performed by government agencies in cooperation with DOE. A

brief description of these complementary activities follows:

a. National Aeronautics and Space Administration *

0 Manage the project to establish feasibility of low-cost silicon
solar arrays.

0 Manage projects on large experimental wind energy systems.
0 Satellite Solar Power Systems Study.

o Parabolic dish thermal electric R&D.

*Reference to National Science Foundation activities deleted.




b. Department of Commerce

0 Study feasibility of selected alternative materials for low-cost solar
cells (for example, cuprous oxide).

0 Provide ocean engineering support for OTEC R&D activities.

0 Administer one-stop licensing for OTEC commercial plants (P.L.96-320).

c. Department of Defense

0 Advanced Solar Cell Concept Evaluation.

0 Purchase of solar cells for isolated stations.

d. Department of Agriculture

o Investigate farm and remote area wind energy applications.

e. Department of Transportation

0 Administer mortgage loan guarantees for OTEC plants and plant-
ships (P.L. 96-320).

f. Department of the Interior

0 Solar/hydroelectric hybrid system feasibility studies.

g. Department of State

o Support of CESA I (Spanish central receiver pilot plant).




The following table is an updated version of Table S-4 in ERDA-1535:

Table 4
KEY DECISION POINTS - SOLAR ENERGY PROGRAMS

Energy System Decision Points Calendar Year
Wind Energy Conversion Experimental units -
200-KWe 1977-1980
MWe scale (1st generation) 1979

MWe scale cluster (2nd generation) 1981
Solar Photovol taic

Large Scale Production -

silicon arrays 1985
thin - film cells 1990's
Solar Thermal Conversion Central receiver plant -
pilot 1981
Distributed collector plant -
field test 1979-1981
Solar total energy system -
pilot 1981
*0cean Thermal Energy 40-MWe proof-of-concept experiments 1986
Conversion (100-MWe total)
Demonstration power plants 1989

(500-MWe total)

*National goals stated in Public Law 96-310
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V. Affected Environment

The affected environment remains unchanged from that discussed in WASH-1535

and ERDA-1535. For the case of radioactivity and other releases from model
fuel cycle facilities (LMFBR power plant, fuel fabrication plant, fuel
reprocessing plant, and various radioactive waste management facilities), the
generic data on meteorology, hydrology, and populations within a 50 mile radius
of these facilities has not changed. For transportation of nuclear materials,
the population densities along shipping routes and the routes themselves are
also unchanged. Thus in these cases the affected environment has not changed

since ERDA-1535 was issued six years ago.

For the special case of releases of transuranics, the population of the north
central and eastern U.S. has not changed significantly since the analyses of
meteorological transport, deposition, resuspension, and resulting population
intakes were completed (1974). Thus the resulting doses and health effects
would have been unchanged as far as the affected environment is concerned.
However, as discussed in Section VI.A (4) and Appendix D, these resulting dose
estimates and health effects have been changed due to changes in dosimetric
models and risk estimates. But, the affected environment, even in this case,

was essentially unchanged.




VI. Environmental Consequences of the LMFBR Program and Alternatives

A. Environmental Impacts of the LMFBR Program

In his review of the Proposed Final Environmental Statement for the LMFBR
Program (see ERDA-1535, Section IV A), the ERDA Administrator defined certain
considerations for a determination on the acceptability of the technology for
widespread deployment of breeder reactors. Among them he identified four sig-
nificant environmental issues--reactor safety, waste management, safeguards,
and health effects--that must be resolved before any decision on widespread
commercial deployment of LMFBRs can be made. Although the Federal Government
no longer plans to decide on the question of breeder deployment, the Department
of Energy is charged with the responsibility for conducting a comprehensive
breeder research and development program and plant demonstration program to
establish the sound engineering basis for a decision by the nuclear industry
to commercialize the breeder. Considerable progress on these matters has been
made but additional work remains. The purpose of this section is to provide a
status report on the progress made since ERDA-1535 was issued and a discussion
of how results from the R& programs, studies, and analyses bear on environ-
mental impact analyses. None of the new information developed since ERDA-1535
indicates a significant change in the environmental consequences of the LMFBR

Program over those analyzed in WASH-1535 and ERDA-1535.

From an environmental impact standpoint, the analyses in WASH-1535 and ERDA-1535
represent the best available information on a widely deployed breeder economy.
This information also represents a conservative analysis of environmental conse-

quences for all cases except the routine release of transuranics. For this

special case, new analyses are presented in Section VI.A.(4).




The descriptions of model LMFBR fuel cycle facilities (fuel fabrication,
reprocessing, and various waste management facilities) contained in WASH-1535
are still valid. The environmental control technologies (e.g., HEPA filters)
and estimated routine and accidental releases are unchanged. Thus calculated
radiation exposures (except for the case of transuranics) are also unchanged.
However, health effects resulting from these calculated radiation exposures
would be changed since risk estimates (used to convert exposure/dose esti-
mates to health effects) have changed since completion of the WASH-1535 and
ERDA-1535 analyses. Changes in dose estimates are presented in Appendix H
for the convenience of reviewers of this supplemental EIS. The various risk
estimates have not changed significantly and thus it was decided that no
additional analyses were required in this supplement (except for the case

of transuranics).

In addition, the only health effects calculated in WASH-1535 and ERDA-1535
(and thus the only risk estimates used) were for routine and accidental
releases of transuranics. This was due to the controversy concerning the
health effects of these transuranic releases. The risk estimates presented
in Appendix H can be used to calculate health effects for the various radia-
tion exposure estimates given in WASH-1535 and ERDA-1535 for radioactivity

releases (other than transuranics).




(1) Reactor Safety

Introduction

Over the past three decades, an extensive set of safety-related LMFBR plant
design requirements and corresponding sets of design and quality assurance
principles and procedures have been developed and are being applied to guide
the design and operation of LMFBRs. The safety-related design requirements
and operating procedures take advantage of the many characteristics of LMFBRs
which tend to make them intrinsically safe and also take cognizance of those
characteristics which do not enhance safety. These are discussed in some
detail in Section 4.2.7.4 of WASH-1535. It has been and remains the
responsibility of the LMFBR Safety Program to translate an understanding of
the safety characteristics of LMFBRs into safety-related design requirements
and operating procedures. Past efforts within the Safety Program have been
focused on providing the requisite safety-related technology for FFTF and
CRBRP. The program is now focusing on the task of extending this safety
technology so as to provide an adequate base for future large LMFBR plant

projects, such as the LDP.

Three fundamental and related questions need to be answered regarding the
safety implications of an LMFBR: (1) How safe is the plant? (2) What, if
anything, can be changed in the design or operating procedures of the plant
to make it safer? (3) Is the plant safe enough? These lead to consideration
of a number of more specific questions: What external events or system
failures could initiate a sequence of events that would lead to an accident?

What is the probability of occurrence of each of these events or failures? Is

the plant designed so that it can stop the sequence before the accident occurs




or accommodate the consequences of the accident? Can the plant design be
improved at an acceptable cost so as to improve the reliability of its systems
and/or its ability to accommodate the consequences of system failures? All

of these considerations have to be woven together using the concepts of risk

assessment and risk reduction.

In order to provide adequate answers to these questions, the technology must

be available to permit designers and safety analysts to determine the following
information for a given plant: (1) failure modes and failure probabilities

for its systems and structures; (2) reliability of the safety systems, given
the range of events to which they must respond; (3) the scenario that each
accident would follow, given safety system failure in the face of all credible
challenges; (4) the extent of damage to the plant and the response of the
reactor containment system in these various accident situations; and (5) the
nature and cost of the various feasible design changes that could be made to
the design to improve its overall reliability and its ability to contain the

consequences of accidents.

A great wealth of LMFBR safety technology is available today as a result of
past Safety Program efforts to obtain this information for present and future
LMFBR plants. This technology is reviewed comprehensively in Section 4.2.7 of
WASH-1535, and additional information is provided on selected safety issues

in Section III.B of ERDA-1535. There are certain safety-related areas where
the availability of additional information would permit the designers of
future large LMFBR plants to provide more cost-effective designs while meeting
all safety requirements. Present and future Safety Program efforts will

concentrate on providing these elements of improved safety technology.
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The balance of this section on safety concentrates on updating the safety
questions which were addressed in ERDA-1535. Most of these questions were
associated with postulated severe accidents that would lead to core disruption.
It is essential to appreciate the massive efforts that have been devoted to
assuring that LMFBRs can be and are designed, constructed, and operated to have
an extremely low probability of occurrence of core disruptive accidents. The
strategy that has peen used to accomplish this objective is to provide a design
that is sound, conservative, and intrinsically safe during normal operation,
and has sufficient margin to safely accommodate anticipated, unlikely, and
extremely unlikely events (the three levels of design safety approach discussed

in Section 4.2.7.3 of WASH-1535).

The LMFBR Program has accumulated much valuable experience on how to design
systems and structures in LMFBR plants so that they have the requisite
safety-related design features and margins. Exhaustive lists of possible
external events and system and structural failures which could fall in the
three event categories (anticipated, unlikely, and extremely unlikely) have
been prepared. Events within the anticipated category include loss of off-site
power and small sodium leaks or spills. In the unlikely category, representa-
tive events include accidents involving radioactive waste treatment system
failures, fuel handling accidents, small sodium fires, local fuel assembly
faults, and steam generator failures. The more severe extremely unlikely
events include natural phenomena such as seismic events, tornados and floods,
large sodium fires, refueling accidents, and heat transport system failures.
Sections 4.2.7.5 through 4.2.7.7 of WASH-1535 provide a comprehensive discus-

sion of the implications of these events on LMFBR designs; this discussion

remains valid today.




For each LMFBR plant designed in the U.S., an extensive range of systems
and features has been included in order to assure that the plant can safely
accommodate these events within the requisite damage levels and that any
radioactivity releases are within the 1imits set in 10 CFR 100. The
discussion of the design features included in CRBRP that is found in

Section III.B.3 of ERDA-1535 remains applicable.

While some residual uncertainties remain as to how best to design these
systems and features for future large plants, sufficient conservatism is
employed in the design of present plants to ensure that they can meet safety
requirements. This conservatism is provided by requiring that significant
margins be provided in the design of these systems and features and by
providing redundancy and diversity of systems and structures. Operation of
FFTF and CRBRP will provide additional evidence of the adequacy of the design
of these plants with respect to safety. As stated earlier, present and future
efforts in the Safety Program are aimed at reducing uncertainties and further
improving designs so that plant capital and operating costs can be reduced by

eliminating excessive conservatisms while still meeting safety requirements.

In the material which follows, each subsection of ERDA-1535, Section III B,
Safety Research and Development Program Information, is addressed in turn.
First, subsection content is briefly summarized. Then, areas in which changes
have occurred since ERDA-1535 was issued are identified. Finally, information
explaining these changes and describing the current status of the particular

topic is presented. These subsections are the following:

III B.1 Additional Information Relative to the RRD Development Plan for LMFBR
Safety
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IIT B.2 Additional Information on Energetic LMFBR Core Disruptions

IITI B.3 Additional Information on the Basis for Proceeding with the Design,
Licensing, and Operation of LMFBRs While the LMFBR Safety Program

Progresses
III B.4 Additional Information on LMFBR Risk Assessments Methods Development

I. The DOE LMFBR Safety Research and Development Program

I.A. Summary of Subsection III.B.1, ERDA-1535

The objective of the Safety Program was described as development of technology
that could be applied in the design process to contribute to the safety of
LMFBRs. The Program was planned to make timely contributions to the LMFBR
plant design and development program, ranging from completion of documentation
of the technical base for the FFTF FSAR and the CRBRP PSAR in June 1976 to
establishment of the technical base for the Commercial Breeder Reactor (CBR)
FSAR in January 1985. ~The necessary analytical and experimental work would
continue to be performed by national laboratories, industrial contractors, and
universities. For experimental work, existing and new facilities would be
utilized. The need for a new Safety Research Experiment Facility (SAREF) was

identified.

Past Safety Program activities resolved some significant issues and reduced
the uncertainties associated with other issues. Important remaining open
questions included: the quantitative reliability of plant shutdown and decay
heat removal systems and plant structures; quantitative understanding of the
movement of fuel from breached fuel pins, including fuel sweepout; the charac-

teristics of the extensive and extended fuel motion associated with a postulated
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whole core meltdown; uncertainty in the upper 1imit which can be placed on the
energetics of a potential whole-core accident recriticality; and uncertainties
over the content and attenuation of radioactive aerosols that could be released

from fuel and containment as the result of a severe reactor accident.

Plans of action to resolve these remaining safety uncertainties, along with

milestones supportive of the LMFBR plant development program, were presented.

I.B. Areas of Change Since ERDA-1535 Was Issued

Substantial progress has been made in the resolution of issues related to the
initiation and progression of major reactor accidents. This has been enhanced
by completion of the FFTF safety review interaction with NRC, and by partial

completion of the CRBRP licensing interaction with NRC.

A change in the timing for anticipated large-scale deployment of LMFBRs,
coupled with progress in the accident energetics area, has warranted a reversal
in the earlier position that a new, large reactor safety test facility (SAREF)

is needed.

The Program work schedule and key milestones have changed to reflect the modified

LMFBR plant design and development program.

I.C. Current Status

I.C.1. Safety Issues

I.C.1.A. Introduction

In the period since ERDA-1535 was published, Safety Program work, coupled with

experience in the FFTF and CRBRP design and safety review activities, has
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significantly advanced our understanding of the safety-related behavior of
LMFBR plants. Progress toward resolution of particular LMFBR generic safety
issues is discussed in the remainder of this section. Background for these
discussions is provided by the listing of Safety Program accomplishments,

1976-1981, included as Appendix E.

I.C.1.B. ERDA-1535 Issues

As stated in Section I.A., ERDA-1535 identified a number of important open
questions on LMFBR safety (see pp. III B-24, -25, ERDA-1535). The first

ERDA-1535 gquestion related to the quantitative relijability of plant shutdown

and decay heat removal systems and plant structures. Reliability is factored

into LMFBR designs by application of basic quality assurance and reliability
principles, which include independence, separation, redundancy, and diversity
of systems, subsystems and components. Reliability is then demonstrated
analytically, by laboratory testing, and by the accumulation of plant operating
experience. While the quantification of reliability can be made with analyti-
cal methods using generic LMFBR component data at any stage of plant design,
construction, or operation, confidence in these reliability assessments is
strongly influenced by the quality and depth of data bases from testing and

operating experience.

Extensive hardware testing programs have been conducted for both primary1

and secondary2 control rod systems and associated logic circuits. The testing
programs with thousands of successful scram operations have demonstrated with
high confidence that the probability of failure to scram due to hardware
failures is extremely low. The reliability assessment for the CRBR shutdown

3 6

system” estimates the failure frequency to be well below 107" per year.
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A systematic identification of potential common-cause failures has also been
carried out4, and the reliability estimates still have margin for unlikely

failure modes not yet identified.

The shutdown heat removal system for LMFBRs is also designed to be highly
reliable. Emergency power supplies and alternate heat sinks are added to the
normal heat transport system to provide redundancy in these critical areas.
In addition, special redundant and diverse residual heat removal systems,
such as the direct heat removal and air-cooled condenser systems, have been
designed for CRBR, and alternative designs are being developed for large
LMFBRs. Existing programs related to SHRS reliability include testing

of CRBR SHRS components and large plant component development tests. The
data gathered from these test programs, along with a more 1imited data base
gathered from operating plant testing and operating experience (EBR-II and
FFTF), support analysis which predicts an extremely low probability of CRBR

SHRS failure, about 1076 per years.

Recently, reliability analysis models and computer codes have been improved
by the incorporation of models of such elements as test and maintenance
periods, a greater spectrum of operating and failure modes, and capabilities
to handle human errors and dependencies. These developments allow more
realistic and comprehensive modeling, thereby increasing the confidence in
results. Progress has also been made in the identification and qualitative
analysis of common-cause fai1ures4, for which significant margin is allowed

in current designs. Learning from operating experience also continues to

be an important part of reliability and analysis data improvement.
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A diverse means of shutdown heat removal was demonstrated at FFTF in March
1981 when a primary system natural circulation test from 100% power was
successfully completed. This and earlier natural circulation tests confirmed
that the FFTF has the capability to safely remove heat by natural circulation
during postulated events such as loss of electrical power. Furthermore, the
series of tests verified the ability of the analytic model IANUS to accurately
predict system behavior from the pump coastdown phase to the steady state

natural circulation condition.

The second ERDA-1535 question related to quantitative understanding of the

movement of fuel from breached fuel pins, including fuel sweepout. Such an

understanding is necessary to assess the likelihood that a transient overpower
(TOP) or loss-of-flow (LOF) event with failure to scram would inherently
terminate its progression prior to whole-core disruption. Experiments designed
to provide observations of fuel motion under these accident conditions have
been performed both out-of—reactor6 and 1'n-reactor,7’8 and diagnostic tools

for measuring fuel motion under test conditions9 have provided important data

10 These computer codes pro-

for development and validation of computer codes.
vide the analytical methods for a quantitative understanding of fuel motion

under hypothetical core disruptive accident conditions.

The experimental data base and the computer codes extrapolating this data to
prototypical conditions support the conclusion that an overpower event with
failure to scram would most 1ikely terminate inherently with 1imited core
damage by fuel sweepout leading to a subcritical core. The data and codes
also indicate that a loss-of-flow event with failure to scram would most
likely progress to whole-core disruption because coolant would be voided from

many subassemblies prior to extensive fuel disruption, leaving much of the
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core uncoolable. This conclusion on the loss-of-flow event has resulted from
an extensive investigation conducted in 1978 and 1979 using the more sophis-

11 The

ticated computer codes and more extensive data base then available.
current approach to accommodating the l1oss-of-flow event with failure to scram
is to demonstrate that the potential for it to result in energetics that would

threaten the integrity of the primary system boundary is Tow.

Integral tests such as the TREAT L-series have demonstrated the dispersive
capability of irradiated fuel subjected to elevated power levels under

LOF conditionslz, minimizing concern for positive reactivity insertion in
the early stages of the scenario. Phenomenological tests including the

TREAT F-seriesl3’14’15 16

and the direct electrical heating (DEH) tests "~ have
provided additional confirmation of the mechanisms which inhibit fuel com-
paction and promote fuel dispersion. Phenomenological guidance has been
provided to analytical modeling efforts and the results have demonstrated the
ability to predict successfully both the material redistribution patterns and
their neutronic integral feedback effect as used in whole core ana]yses.17
Post-test analyses of additional in-pile tests in the L-series and pre-test
18,19

analysis and planning for upcoming unprotected loss-of-flow tests is

currently. underway.

The third ERDA-1535 question had to do with the characteristics of the fuel

motion associated with a postulated whole core meltdown. These characteristics

must be understood in order to provide assurance that fuel motion associated
with a melting or molten LMFBR core would be sufficiently dispersive to pre-
clude an energetic power burst which would challenge the structural integrity

of the primary system.
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It was stated in Section III.B.2 of ERDA-1535 that substantial efforts within
the Safety Program were being directed toward demonstrating that energetic
recriticalities would be very unlikely to occur during the whole-core meltdown
phase of postulated core disruptive accidents in LMFBRs. The existence of
several fundamental physical phenomena was cited as the basis for believing
that these efforts would be successful. In the years since ERDA-1535 was
published, significant progress has been made toward realizing this objective.
However, recriticality events during the whole-core meltdown phase still
cannot be completely ruled out because the occurrence of phenomena such as

collapse of boiling regions due to excessive heat transfer to boundaries,20

21 and reentry of

partial separation of the molten fuel and boiling steel,
large quantities of material previously ejected from the core and solidified
in the above-core structure cannot be absolutely precluded. Because these
phenomena are rate-limited and because of the nonuniform conditions that
would exist under such scenarios, none of these phenomena, should they
occur, are expected to result in reactivity insertion rates yielding large

22,23 Both in-reactor and out-of-reactor experiments now planned

18,24

energetics.

are intended to provide an expanded data base to support this position.

A precise analysis of fuel motion under these accident conditions requires
large computer codes capable of calculating the integrated effects of

neutronics, multi-phase fluid dynamics, and thermodynamics. Such codes

25 and SIMMERZG) are under development and are being validated with

27,28

(TRANSIT

out-of-reactor experiments which attempt to simulate accident conditions.

The fourth ERDA-1535 question, uncertainty in the upper 1imit which can be

placed on the energetics of a potential whole-core accident recriticality, is

addressed in Section II, Energetic LMFBR Core Disruption.
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The last ERDA-1535 question related to uncertainties over the content and

attenuation of reactor accident-produced radioactive aerosols. Resolution

of these uncertainties will permit improved assessment of the consequences
of postulated severe accidents. Since 1975, improved understanding of
aerosol behavior has been obtained as a result of extensive out-of-reactor

29,30,31,32 33,34 Ine major

testing and advances in analytical methods.
advancement has been the generation of new test data which broadens and

extends the data to higher sodium aerosol densities (+1000 ugm/cc in the

High Temperature/Concentration Aerosol experiments30’31) and recent test

data for U02 aeroso]s.32 Use of these data for code validation will reduce
conservatisms in radiological assessments and allow analysts to take credit
for inherent depletion mechanisms which 1imit the quantity of fuel and sodium
aerosols that can be transported from a breached primary system or reactor
containment building following a postulated core disruptive accident. Although

34,35 additional out-of-reactor tests are

a substantial data base exists,
planned to refine computer codes and to better characterize aerosol behavior
under special accident conditions. These tests include a steam-sodium aerosol
test to form the basis for a code comparison study, a test of the efficiency
of a turbulent agglomeration concept, and additional tests of high density

U02 aerosol agglomeration and settling.

I.C.1.C. Additional Safety Issues

Safety Program work and other events occurring since ERDA-1535 was published

have focused attention on additional safety issues.

FFTF and CRBRP safety review activities highlighted the need for more research

on core debris accommodation. The purpose of this research is to support
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improved assessments of the capability of LMFBR containments to withstand
loadings from core meltdown accident debris and to develop design features
for enhancing containment capabilities. Core debris accommodation work
involves a broad range of technologies addressing issues associated with both
in-vessel and ex-vessel core debris phenomena.36 These phenomena include
particulate core-debris behavior, sodium-concrete interactions, water release
from heated concrete, hydrogen release and burning, and the response of
structural concrete to elevated temperatures for long times. Experiments
conducted in a variety of out-of-reactor facilities have provided substantial
insight into the nature of these phenomena and have enabled integrated com-

037 and HAa-38,38

puter codes which model containment response, such as CACEC
to be validated. The current technology base supports the position that the
CRBRP has the core debris accommodation capabilities necessary to meet

39 At the

licensing requirements associated with core disruptive accidents.
same time, a number of issues in core-debris accommodation technology must
be studied further in order to assure that questions on optimal containment
designs and licensing concerns for large plants can be adequately reso]ved.40
These questions arise for large plant designs due to the much larger fuel
inventory and the associated decay heat loads. Questions regarding the
distribution of debris over the cross section within the reactor vessel and
within the reactor cavity, the carryover of debris into the piping, the
performance of in-vessel and cavity structures in contact with molten core
debris, the structural behavior of concrete at high temperatures, sodium

natural convection and the reliability of long-term decay heat removal

systems under post-accident conditions must be studied further to assure that

large plant designs can control accident progression and that, should a




core-disruptive accident occur, radiological releases will remain within

prescribed Timits.

The Three Mile Island accident highlighted the safety importance of the

man-machine interface. The initial efforts within the nuclear industry to

address this issue were focused on 1ight water reactors, but it became clear
that the LMFBR program would be able to apply much of the new technology
developed for such reactors. Nonetheless, in order to advance understanding
for LMFBRs, research and development on the LMFBR man-machine interface was
initiated in selected areas. Progress to date includes the development and
initial aperation at FFTF of an automated system for control of plant main-

tenance work.41

This system is designed to provide plant operators with
real-time information as to which plant components and systems are unavailable
because of maintenance operations, and information on the functional relation-
ship between plant subsystems and on the relationship of equipment to plant
safety functions. It is intended that this body of information, presented in
a clear, organized way, will enable plant operators to make better-informed
decisions on when and how to change the operational condition of the plant for

maintenance or other reasons. Demonstration of operational safety improvement

produced by use of this system is currently underway at FFTF.

Another recent man-machine interface R& product is the completion of a
comprehensive study42 to establish, for a future large LMFBR plant, the
optimum set of parameters that should be displayed to plant operators for the
purpose of monitoring plant safety status and initiating necessary corrective
actions. This effort is analogous to the safety parameter display system

efforts of the LWR industry.
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In parallel with these early LMFBR man-machine interface R&D activities, an
overall p'Ian43 for continued work in this area has been prepared. This
plan provides a task structure, perceived priorities for execution of these
tasks, and near-term and long-term plans based on these priorities. 1In
preparing this plan, it was recognized that the LWR man-machine technology
which is expected to apply in large part to LMFBRs is itself still in an
evolutionary phase, so that the degree of this applicability and any special
LMFBR needs for new technology cannot be firmly established early on. Thus,
a major task within the program is to develop and maintain familiarity with
ongoing man-machine technology developments in the LWR and other areas, and
to appraise these for applicability to LMFBRs. The appraisal function will

be closely coordinated with LMFBR project design activities.

Another Three Mile Island-related issue is that of the adequacy of provisions

for emergency response in the event of a serious reactor accident. Because

this matter is both plant- and site-specific, and requires interaction with
local government entities, it is addressed by particular LMFBR plant projects.
CRBRP has considered all applicable emergency preparedness requirements, and
envisions no difficulty in implementing these requirements. Emergency
preparedness facilities and arrangements for CRBRP will be similar to those
for a 1ight water reactor. Emergency response capabilities of future LMFBRs
will likely be substantially the same as those for LWRs and will meet NRC

regulatory requirements.

[.C.2. Safety Test Facilities

ERDA-1535, on pages III B-45 through -49, described major facilities used or
anticipated to support the LMFBR Safety Program. Of these facilities:

o TREAT, in use since ERDA-1535 was issued, continues to be
the principal test facility for advancing understanding of
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initiating phase accident phenomenology and validating integral
accident analysis codes. Coolant dynamics, pin failure, and fuel
relocation have been investigated for oxide fuel under LOF and

TOP conditions, and integral experiments and phenomenological tests
have investigated the effects of parameter variations, such as

fuel pin fission gas release, on accident sequences. In 1983, TREAT
will be shut down for completion of the TREAT Upgrade modification
to permit testing of larger bundle sizes, to investigate scale-
dependent phenomena such as fuel sweepout during a TOP accident and
provide a more prototypic thermal-hydraulic environment to validate
extrapolation of the current data base.

0 SLSF experiments were conducted in the ETR from 1975 to 1981. These
experiments addressed fuel disruption and relocation under LOF
conditions, fuel pin response and relocation under LOF conditions,
slow ramp rate TOPs, fuel pin survivability under sodium boiling and
detection and propagation of fuel bundle local faults. Experimental
data have been used for model development and validation of accident
analysis codes.

0 PBF has not been used for Safety Program experiments, because it was
determined that the use of this reactor would not be cost-effective
as compared to SLSF/ETR.

o FFM, renamed THORS, and OPERA both-have used electrically heated
fuel pin simulators for out-of-reactor safety experiments. The
combined program has addressed inlet and heated zone blockages,
steady state and transient boiling behavior, and normal thermal-
hydraulic characteristics of test assemblies up to 61 pins. These
data have been used for assessing applicability of one-dimensional
and multi-dimensional coolant behavior codes.

The last major facility called for by ERDA-1535, SAREF, would have provided
in-reactor capability for experiments much larger than possible in any other
facility, including TREAT Upgrade, in a highly prototypic LMFBR reactor
environment. The experiment size capability, up to the equivalent of four
full-length LMFBR subassemblies, each consisting of 217 fuel pins within a
hexagonal structural housing, was considered necessary "...to permit under-
standing of controlling size dependent phenomena within a subassembly during
the progression of postulated accident sequences" (page III B-36, ERDA-1535).
Table III B-1 in ERDA-1535 uses the name "Safety Test Facility" to represent

SAREF .
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Acquisition of the Safety Test Facility has not been implemented, because:

o In contrast to the situation that existed when ERDA-1535 was issued,
it is now anticipated that the late 1990's would be the most likely
period for a utility commitment to large-scale deployment of LMFBRs.
This schedule permits the Safety Program to proceed to address the
safety issues that the Safety Test Facility was intended to resolve
along a lower-cost path that does not include the construction of
major new in-reactor facilities beyond TREAT Upgrade. If the early
results of this program disclose significant safety uncertainties
for the deployment of a family of commercial LMFBRs, time would be
available to redress the shortcoming.

o Significant improvements have been made in the understanding of key
accident-related phenomena as the result of an aggressive program of
analysis, out-of-reactor experiments, and experiments in TREAT. It
is believed that the combination of planned analytical and out-of-
reactor experimental activities and larger-scale in-reactor tests
in TREAT Upgrade will be successful in bringing about the required
further reduction in uncertainty in the understanding of accident-
related phenomena on a schedule consistent with the needs of the
current LMFBR plant development program.

o It is now believed that only a marginal additional reduction in
uncertainty could be gained from testing in the Safety Test Facility,
given the current understanding of the relationship between test
bundle size and uncertainties introduced in the scaling of results
to a commercial-sized LMFBR.

[.C.3. Program Milestones

The LMFBR plant development program includes construction and operation of
CRBRP. Also, the program contemplates the future design, construction,

and operation of a near-commercial size LMFBR plant, the Large Developmental
Plant (LDP). This project would be carried out in cooperation with the
private sector. Experience gained from CRBRP and LDP would be used in

decisions on LMFBR commercialization.

The CRBRP design and Preliminary Safety Analysis Report (PSAR) are essentially
complete; the Final Safety Analysis Report (FSAR) is to be submitted in early

Cy 1987. The latter event provides the basis for a major Safety Program




milestone: completion of the safety technology base for the CRBRP FSAR by
late CY 1986. Similar milestones would be developed from key LDP Project
events such as start of preliminary design, PSAR submittal, and FSAR submittal.
It is expected that these events would occur in the period from the mid 1980's

to the early 1990's.

The LMFBR Safety Program P]an44, prepared in 1980, is the principal basis
for ongoing safety R&D planning. The R&D work plans contained in this
document will be revised to achieve consistency with the major milestones

discussed above.

[I. Energetic LMFBR Core Disruption

[I.A. Summary of Subsection III B.2, ERDA-1535

[t was stated that R&D directed toward identification and elimination of
accident initiators and toward provision of design characteristics and engi-
neered features to mitigate accident consequences, coupled with conservative
design, construction and operation, provides high assurance of LMFBR plant
safety relative to energetic hypothetical core disruptive accidents (HCDAs).
[t was also stated that it should be possible to demonstrate that HCDAs in

large LMFBRs would not result in damaging energy releases.

[I.B. Areas of Change Since ERDA-1535 Was Issued

Since 1975, there have been substantial improvements in the understanding of
HCDA phenomena through extensive out-of-reactor and in-reactor experiments,

and in the analytical methods for predicting HCDA consequences through advances
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in computer code technology. These improvements have led to significant
reduction in uncertainties in HCDA energetics assessments and have substantially
increased confidence that licensing requirements associated with HCDAs can be
met. While the state-of-technology in 1975 was adequate to support qualitative
arguments for the benign nature of HCDAs, the current technology base provides
much greater confidence in the ability to quantify HCDA energetics consequences
and thus to address HCDAs in the perspective of quantitative risk assessment.
For example, in determining the range of consequences of HCDAs, analyses were
performed which parametrically varied phenomenologically based parameters which
affect fuel motion.45 In homogeneous cores with moderately large sodium void
coefficients, loss-of-flow scenarios involving prompt critical excursions and
resulting in several hundred megajoules of work-energy in expansions to one
atmosphere were calculated. Transient overpower and loss-of-flow driven
overpower (LOF/TOP) scenarios were also calculated in this parametric fashion,

resulting in similar concerns about energetics potential.

Since the time of that assessment, experimental information has been obtained
and incorporated in more sophisticated analytical tools which now tend to
confirm the position of early dispersion and minimal energetics. Integral

tests such as the TREAT loss-of-flow tests L6 and L712

provide a data base

for minimizing concern about initial fuel compaction and for predicting
dispersion under overpower conditions. Such tests provided preliminary
confirmation of the ability of retained fission gas to provide the dispersive
mechanism. Additional confirmation was provided by phenomenological overpower

T.13’14’15 By analyzing the coolant and fuel

tests in the F-series in TREA
motion reactivity effects in the LOF/TOP simulation in the L8 TREAT tests with
the new PLUTO 2 module of SAS4A, it has also been demonstrated that energetics

enhancement by within-pin compactive fuel motion was overestimated in
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previous parametric ana]yses46. Such analyses provide a rational basis for
substantially limiting the positive fuel motion feedback and suggest that the
LOF/TOP scenario may be of small concern in lTow to moderate void worth LMFBRs.
Material motion information in the transient overpower scenario has also been
extended by both in-pile tests such as the TREAI‘U} slow TOP test,47 and

48 “such information is being

the out-of-pile CAMEL TOP fuel-sweepout tests.
used in the continuing validation of modules of the SAS4A Code, and confirm

the hydraulic sweepout potential in this scenario.

In addition to the advances that have been made in developing more sophisticated
analytical tools and acquiring experimental information to validate the models
and support the application of these tools, an improved understanding has been
gained of the relationship between certain LMFBR core design features and the
predicted behavior of LMFBR cores under HCDA conditions. It has long been

known that the level of energetics predicted for the LOF accident in an LMFBR
was somewhat sensitive to the sign and magnitude of the overall sodium void
reactivity worth of its core. A scoping study of the response of a preliminary
heterogeneous core design for CRBRP under HCDA conditions conducted in 197649
revealed that the potential for energetic power excursions during the initi-
ating phase of the LOF accident for CRBRP with this core seemed to be markedly
reduced compared to that predicted for CRBRP with a homogeneous core. It was
subsequently determined that a number of characteristics associated with these
heterogeneous core designs, including the reduced overall sodium void worth
and the fact that a significant portion of the void worth is tied up in the
internal blanket subassemblies which would not experience voiding until much
later than the fuel subassemblies, contributed to the predicted reduced ener-

getics potential. This conclusion has subsequently been reinforced for

CRBRP with its current reference heterogeneous core50 and confirmed for
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51

commercial-sized LMFBRs. For this reason, the reference design for LDP now

includes a heterogeneous core.

II.C. Current Status

HCDAs are treated as accidents beyond the design basis for containment systems
because of their extremely low probablity of occurrence. However, HCDAs still
receive a great deal of attention because of their potentially severe conse-
quences.* For CRBRP, NRC has required that the primary system be capable of
accommodating an energetic HCDA, and that analysis supported by experimental
data be performed to demonstrate this capability. The major issue associated
with such requirements is the magnitude of energetics which must be accommo-
dated. The related Safety Program objective is to demonstrate that the
likelihood of large energetics is so low that the magnitude of energetics
which must be accommodated to meet safety requirements is not large enough to
adversely impact the design. For a CRBRP-sized core, the current technology
base is adequate to meet this objective. The results of hypothetical core
disruptive event analyses for the CRBRP heterogeneous reactor core have been

reported.50

The analytical results cover a large number of parametric cases
including variations in design parameters and phenomenological assumptions.
Reactor core configurations at both the beginning of cycle one and end of cycle
four were evaluated. The energetic consequences were evaluated based upon

both fuel expansion thermodynamic work potential and a relative probability

assignment. It was concluded that the structural loads which result from

*NRC's Final Environmental Statement for the CRBRP (NUREG-0139, February 1977)
included a discussion of the consequences of HCDAs for that plant. More
recently, NRC has started to include similar information in LWR environmental
statements (e.g., NUREG-0769, August 1981, for Enrico Fermi Unit 2). It is
anticipated that environmental statements for large LMFBRs such as LDP and
future commercial breeders will also address this subject.




101 megajoules of available expansion work at sodium slug impact on the reactor
closure head (equivalent to 661 megajoules of fuel expansion work to one
atmosphere), are an adequate energetic consequence envelope for use in speci-
fying the Structural Margin Beyond the Design Base. Analyses and supporting
model experiments reported in Reference 52 indicate that the CRBRP reactor
coolant boundary would accommodate these structural loads without Toss of
integrity and with 1imited leakage of radioactive materials to the reactor

containment building.

For LMFBRs larger than CRBRP, such as LDP, it is believed to be prudent to
obtain additional confirmation that practical primary system boundary designs
provide adequate capability to accommodate HCDA energetics. Several factors
combine to make the HCDA energetics accommodation problem a more difficult

one to treat in large LMFBRs. The larger cores generally have larger positive
void worths, meaning that more positive reactivity is available for insertion
during the voiding phase of a loss-of-flow accident. The larger fuel inventory
means that a larger mass of fuel could be vaporized and serve as a source of
work-energy in the improbable event that an HCDA would lead to a sustained
superprompt critical transient. In addition, it is more difficult to provide
a given structural capability in the larger diameter primary vessels and
vessel heads these large plants would have. Programs involving the validation

53 25

of current-generation accident analysis codes such as SAS4A,~~ TRANSIT,

26

and SIMMER™™ through analysis and the conduct of in-reactor experiments in

TREAT and out-of-reactor tests in a variety of facilities are in progress or
19,24

These programs are expected to provide the

soon to be implemented.

necessary confirmation.




III. Basis for Proceeding with the LMFBR Plant Program While the Safety
Program Progresses

ITI.A. Summary of Subsection III B.3, ERDA-1535

It was asserted that while the knowledge gained from LMFBR safety R& is not
without gaps and uncertainties, conservatism in design, construction, and
operation provide a satisfactory basis for proceeding with LMFBR projects.
The "three levels of design" approach then being taken by CRBRP was discussed

as a specific example of such conservatism.

IIT.B. Areas of Change Since ERDA-1535 Was Issued

Ongoing Safety Program R&D has reduced the uncertainties over LMFBR safety.

Continued application of the "three levels of design" approach has strengthened

confidence in the safety of CRBRP.

III. C. Current Status

The Safety Program has made substantial progress toward resolution of LMFBR
safety issues. The current status of these issues is given in Sections I.C.1

and II.

The CRBR Project has continued to take a conservative approach to design, with
particular attention to application of experience from other related activi-
ties. An example is the Project's program to apply experience from the design,
construction, and operation of DOE's Fast Flux Test Facility (FFTF) at
Richland, Washington. This program, formally initiated in 1976 and still
active, has resulted in CRBRP review and analysis of experiences at FFTF;

many were found to apply to CRBRP and appropriate action was taken. Beneficial
information transfer has taken place on subjects such as the performance of

the Plant Protection System, the need to modify large sodium check valve




design as the result of hydraulic testing, and inoperability of sodium level

indicators due to moisture in wiring insulation.

A second example of application of experience is the work of the CRBRP Key
Systems Design Review Task Forces. The design reviews addressed decay heat
removal systems, containment isolation systems, systems to mitigate the
consequences of hypothetical core disruptive accidents, the control room
system, and others. Event tree and fault tree methods were used to search
for unforeseen events or interactions that could lead to unsafe conditions.
The Three Mile Island experience was fully considered.* The reviews concluded
that the systems are designed to permit safe operation with a minimum possi-
bility of serious plant accidents. However, a number of system and procedural
changes to enhance operational safety were recommended. Several of the
recommended changes are being implemented in the CRBRP design, including the
relocation of some of the gaseous radwaste processing system equipment into
containment (mainly for plant operating staff protection), a redesign of the
main control room panel to enhance the man-machine interface aspects for
plant operation, incorporation of emergency response facilities into the

design, and procurement of a simulator for operator training.

*The CRBRP Project has closely followed the developments that resulted from
the 1979 incident at Three Mile Island, including the findings of the NRC
Lessons Learned Task Force, the Kemeny Commission, and the Rogovin Report.
New regulatory requirements emanating from these findings are contained in
NUREG-0718, Rev 1, "Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing License (August 1981)." While the
requirements of NUREG-0718 were written specifically for application to
1light water reactors, there are many underlying engineering principles which
may be applicable to the LMFBR. Consequently, the CRBRP Project has
reviewed all of the NUREG-0718 requirements to determine the requirements
which CRBRP should consider. Al1 those which were found have a degree of
applicability to LMFBR technology have been applied to CRBRP.
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IV. LMFBR Risk Assessment Methods Development

IV.A. Summary of Subsection III B.4, ERDA-1535

It was stated that exploratory R&D on risk assessment methodology was under-
way, aimed toward development of credible methodology by the mid-1980's. An
important companion objective was to gain understanding of the level of
confidence that can be placed in the results of application of this methodology.
When available, risk assessment methodology would verify and quantify our
belief in the safety of LMFBRs; it may also enable plant design improvements

and guide R&D program selection. The safety approach described was to take
advantage of the inherent safety features of the LMFBR, to use conservative

design practices, and to apply probabilistic risk assessment when appropriate.

IV.B. Areas of Change Since ERDA-1535 Was Issued

Soon after the publication of ERDA-1535, a comprehensive risk assessment was

carried out for CRBRP.54*

The objective of this risk assessment was "to
provide a realistic evaluation of the risk to the public from the Clinch River
Breeder Reactor Plant, to place that risk in perspective relative to other
societal risks, and to provide a basis for asssessing the comparability of the
risk from the CRBRP with risks associated with previously licensed reactors.”
This study concluded CRBRP risks are comparable to those from light water
reactors of the then-current generation as pharacterized by the Reactor Safety
Study55 and that'the risk associated with postulated accidents in the CRBRP

is negligible when compared with non-nuclear risks to which the local popula-

tion is already exposed. Additional information on the CRBRP risk study is

*Comparable assessments have not been performed for nonreactor facilities
of the LMFBR fuel cycle.




given in Appendix C. This study is being revised to account for changes in
plant design and improvements in risk assessment methodology, and to address
earlier comments. Although changes in the detailed results of the earlier study
are likely, the overall conclusion on comparability with light water reactors is
not expected to change. It should be understood that the detailed results of a
risk analysis for an LMFBR plant larger than CRBRP are likely to differ from

those for CRBRP because of differences in plant size, design, and siting.

The role of probabilistic risk assessment has been enlarged since the CRBRP
Safety Study was completed in that it is now used as an aid in the design

of LMFBRs. A risk allocation mode]56

has been developed which allows a
comparison of design alternatives in terms of reduction in risk and cost of
implementation. This model has been used to date primarily to examine safety
design tradeoffs concerning prevention and mitigation of accidents which involve
severe core damage. The application of this model to the LDP in the CDS phase
provided the basis for determination of safety-related reliability goals and the
screening of available safety alternatives. The comparison of design options
indicated that accident prevention features are generally more cost-effective
than accident mitigation features. It was determined that the most significant
design-related contributor to risk reduction is enhancement of the reactor
shutdown system and shutdown heat removal system reliabilities. Mitigation
features required to minimize total energy generation costs and satisfy safety
objectives were identified as a core design with a low probability of high
energetics and a strong containment building. A containment vent/filter scheme
also appeared desirable. The study developed the reliability goals of 1 x 10'5

and 3 x 10'5 mean failures per year for the LDP reactor shutdown and shutdown
5

severe core damage

heat removal systems to obtain a total value of 4 x 10~




events per reactor year. This total value satisfied the risk allocation results
which indicated that the mean frequency of severe core damage events should be
limited to no higher than about 1 x 10'4 events per reactor year to protect

the plant investment.

IV. C. Current Status

A large breeder reactor risk model was developed in FY 1980 and has been
improved since that time. The current status of this risk model and approach
is described in Reference 57. The single plant risk model provides a sound
risk evaluation capability for application to large LMFBR plants. It provides
for the quantification of input data uncertainties as probability density
functions for both initiating event frequencies and safety system failure
frequencies. The input uncertainties are propagated by the model to the risk
estimate outputs to provide a measure of output uncertainty. Further improve-
ment of credible risk assessment methods requires a reduction of uncertainty
in risk analysis input data. The integrated test programs for LMFBR safety
systems (RSS and SHRS) and the LMFBR data base development activities (CREDO

and SACRD)* will contribute to the reduction of these uncertainties.

*CREDO58 (Centralized REliability Data Organization) was established by DOE

at Oak Ridge National Laboratory as a national center for the collection,
evaluation, and dissemination of reliability/availability data on advanced
reactors. The system operates by first collecting and storing comprehensive
engineering (design and operational) data on reactor components and then
tracking the performance (operating hours/cycles, failures, maintenance

along with other parameters) of the components thoughout their lifetime. A
versatile computerized system makes it possible to search the stored records,
extract and compile different types of data, and prepare varied output
reports to serve users.

SACRD59 (Safety Anlysis Computerized Reactor Data) is a data base of material

properties and other handbook data needed in computer codes used for fast
reactor safety studies. Data are available in the thermodynamics, heat
transfer, fluid mechanics, structural mechanics, aerosol transport, meteorology,
neutronics, and dosimetry areas. Tabular, graphical, and parameterized data

are provided.




10.

11.

12.

13.

14.

15.

16.

References

"Assessment of LMFBR Primary Control Rod Systems Test Program," T-SCT-LHC-
80-20, Westinghouse Advanced Reactors Division, August 29, 1980.

"Integrated Test Program Plan for the Large Breeder Reactor Secondary
Control Rod Unit," GEFR-00519(DR), General Electric Company, Advanced
Reactor Systems Department, Revision 1, November 1980.

"Reliability Assessment of CRBRP Reactor Shutdown System," WARD-D-0018,
November 1975.

W. S. Woodward and R. J. Baloh, "Common-Cause Failure Assessment
Specification for the CRBRP Reactor Shutdown System," WARD-D-0195,
Westinghouse Electric Corporation, March 1978.

"An Update of the Preliminary Reliability Prediction for CRBRP Shutdown
Heat Removal System," NEDM-14082, General Electric Company, January 1976.

D. H. Cho and G. M. Hauser, "An Analysis of CAMEL C2 Single-pin Fuel
Sweepout Test," ANL/RAS 78-33, June 1978.

R. Simms, "An Interpretation of Fuel Motion in Recent TREAT
Experiments with LMFBR Fuel," ANL-79-88, October 1979.

R. Simms, et al., "Fuel Motion in Experiments Simulating LMFBR Loss-of-
Flow Accidents," ANL/RAS 80-25, November 1980.

A. DeVolpi, et al., "Fast Neutron Hodoscope at TREAT: Methods for
Quantitative Determination of Fuel Dispersal," ANL/RAS 80-17, August
1980.

J. M. Kramer, "Comparison and Evaluation of Transient Fuel Pin Behavior
Codes," ANL/RAS 80-22, September 1980.

D. R. Ferguson, et al., "A Study of the LOA-2 Termination Potential for
the LOF Accident in LMFBRs," Proceedings of the International Meeting on
Fast Reactor Safety Technology, Seattle, WA, August 19-23, 1979.

R. Simms, et al., "TREAT Experimental Data Base Regarding Fuel Dispersals
in LMFBR Loss-of-Flow Accidents," ANS Reactor Safety Aspects of Fuel
Behaviour Topical Meeting, Sun Valley, Idaho, August 1981.

R. G. Palm, et al., "F1 Phenomenological Test on Fuel Motion: Final
Report," ANL-78-50, May 1978.

R. G. Palm, et al., "F2 Phenomenological Test on Fuel Motion: Final
Report," ANL/RAS 80-24, October 1980.

R. G. Palm, "LOF-Initiator experiments F3 and F4," in USDOE Fast
Reactor Safety Program Progress Report, Oct-Dec, 1980, ANL/TMC 81-1.

G. R. Fenske and G. Bandyopadhyay, "Summary Report on Direct Electrical
Heating Experiments with Irradiated Mixed-Oxide Fuel," ANL/MSD 81-2, 198l.

141




17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

References (Continued)

A. M. Tentner and H. U. Wider, "LEVITATE - A Mechanistic Model for the
Analysis of Fuel and Cladding Dynamics Under LOF Conditions for SAS4A,"
Proc. Int. Mtg. Fast Reactor Safety Technology, Seattle, Wash.,

August 19-23, 1979.

"ANL Safety Experiments Program Plan," ANL/RAS 80-3, June 1980.

A. E. Klickman, et al., "TREAT Experiment Plan for U.S.-DOE LMFBR Safety
Program," Transactions ANS/ENS Topical Meeting: Reactor Safety Aspects
of Fuel Behavior, Sun Valley, Idaho, August 198l1.

F. J. Martin, "Bottled Transition Phase Analysis-Preliminary Report,"
HEDL-TME-78-64, April 1980.

M. Epstein, et al., "Incipient Stratification and Mixing in Aerated
Liquid-Liquid or Liquid-Solid Mixtures," Chemical Engineering Science,
Vol. 36, pp. 784-787, 1981.

W. R. Bohl, et al., "An Analysis of Transient Undercooling and Transient
Overpower Accidents without Scram in the Clinch River Breeder Reactor,"
ANL/RAS 75-29, July 1975.

E. E. Morris and T. Y. C. Wei, "An Assessment of the Unprotected LOF
Accident in the CDS Phase Il Heterogeneous Core Design," ANL/RAS 81-1,
December 1980.

A. Padilla, Jr. and F. J. Martin, "Transition Phase Issues," HEDL-TC-1865,
December 1979.

S. J. Hakim, et al., "TRANSIT: A Multi-Field, Multi-Phase Computer Code
for the Analysis of the Transition Phase in an FBR," ANL/RAS 78-28, August
1978.

L. L. Smith, et al., "SIMMER-II: A Computer Program for LMFBR Disrupted
Core Analysis," NUREG/CR-0453, October 1978.

B. W. Spencer, et al., "Reactor-Material Fuel-Freezing Experiments Using
Smal1-Bundle, CRBR-Type Pins," ANL-80-22, February 1980.

M. Farahat, et al., "Experimental Simulation of Boiled-up Fuel Pools,"
ANL/RAS 78-24, June 1978.

J. D. McCormack and R. K. Hilliard, "Aerosol Measurement Techniques and
Accuracy in the CSTF," HEDL-SA-1981 FP, November 1979.

H. A. Morewitz, et al., "Experiments on Sodium Fires and their Aerosols,"
Nuclear Engineering and Design, Vol. 42, 1977.

H. A. Morewitz, et al, "Attenuation of Airborne Debris from Liquid-
Metal Fast Breeder Reactor Accidents," Nuclear Technology, Vol. 46,
December 1979.

142




32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

References (Continued)

“Annual Technical Progress Report-Reactor Safety-Government Fiscal
Year 1979," ESG-DOE-13294, Rockwell International Energy Systems Group,
April 15, 1980.

A. K. Postma and R. K. Owen, "Comparison of Aerosol Behavior During
Sodium Fires in CSTF with the HAA-3B Code," HEDL-SA-1982 FP, March 1980.

"Nuclear Aerosols in Reactor Safety," OECD Nuclear Energy Agency,
June 1979.

"Proceedings of the CSNI Specialists Meeting on Nuclear Aerosols in
Reactor Safety," NUREG/CR-1724, Oak Ridge National Laboratory,
October 1980.

E. L. Gluekler and L. Baker, Jr., "Post-Accident Heat Removal in LMFBR's,"
Symposium on the Thermal and Hydraulic Aspects of Reactor Safety, Vol. 2:
Liquid Metal Fast Breeder Reactors, Edited by 0. C. Jones, Jr. and S. G.
Bankoff, 1977, p. 285-324.

R. D. Peak, "Users Guide to CACECO Containment Analysis Code," HEDL-TME
79-22, June 1979.

R. S. Hubner, et al., "HAA-3 User Report," AI-AEC-13038, Atomics
International Division, March 1973.

"Hypothetical Core Disruptive Accident Considerations in CRBRP--Vol. 2:
Assessment of Thermal Margin Beyond the Design Base," CRBRP-3, March
1980.

L. Baker, et al., "Core Debris Accommodation Program Plan," USDOE, July
1981.

S. E. Seeman, "MIDAS Documentation," TC-2073, Hanford Engineering
Development Laboratory, September 1981.

S. M. Divakaruni, et al., "Safety Status Information System: A Critical
Parameters Display Study," GEFR-00569(DR), General Electric Company,
Advanced Reactor Systems Department, August 1981.

"Man-Machine Interface Program Plan," Fast Reactor Safety Technology
Management Center, Argonne National Laboratory, September 1981.

"LMFBR Safety Program Plan," Office of Reactor Research and Technology,
U.S. Department of Energy, August 1980.

W. R. Bohl, et. al., "An Analysis of the Unprotected Loss-of-Flow
Accident in the Clinch River Breeder Reactor with an End-of-Equilibrium-
Cycle Core," ANL/RAS 77-15, May 1977.

143




46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

References (Continued)

H. U. Wider, et. al., "The PLUT02 Overpower Excursion Code and a
Comparison with EPIC," Proc. Int. Mtg. Fast Reactor Safety Technology,
Seattle, Wash., August 19-23, 1979.

R. J. Page, et. al., "Preliminary Data Report for TREAT Test J1,"
ANL/RAS 79-27, 1979.

B. W. Spencer, et. al., "Fuel Motion in the CAMEL TOP-Simulation
LMFBR Safety Tests," Int. Mtg. Fast Reactor Safety Technology, Seattle,
Wash., August 19-23, 1979.

R. J. Henninger, et al., "An Analysis of Selected Transient Undercooling
Accidents Without Scram for the Clinch River Breeder Reactor with a
Parfait Core," ANL/RAS 77-16, May 1977.

"An Assessment of HCDA Energetics in the CRBRP Heterogeneous Reactor
Core," CRBRP-GEFR-00523, December 1981.

J. E. Cahalan, "Homogeneous/Heterogeneous LMFBR Core Design Safety and
Licensing Trade-offs," ANL/RAS 80-2, February 1980.

"Hypothetical Core Disruptive Accident Considerations in CRBRP--Vol. 1:
Energetics and Structural Margin Beyond the Design Base (Rev. 3)," CRBRP-3,
August 1981.

J. E. Cahalan, et al., "The Status and Experimental Basis of the SAS4A
Accident Analysis Code System," Proceedings of the International Meeting
on Fast Reactor Safety Technology, Seattle, Wash., August 19-23, 1979.

"CRBRP Safety Study--An Assessment of Accident Risks in the CRBRP,"
CRBRP-1, March 1977.

"Reactor Safety Study," Main Report, WASH-1400 (NUREG-75/014), October
1975.

J. A. Hartung, "Risk Allocation Status Report," N323TI000056, Rockwell
International Energy Systems Group, July 1980.

"Single Plant Risk Model Development and Application," GEFR-00573(DR),
Advanced Reactor Systems Department, General Electric Company, August
1981.

T. F. Bott, et al., "Development of the Centralized Reliability Data
Organization (CREDO)," Proceedings of the Third European Reliability
Data Bank Seminar, NCSR-R24, July 1980.

N. M. Greene, et al., "SACRD: A Data Base for Fast Reactor Safety
Computer Codes - General Description," ORNL-5477/V1, January 1979.




(2) Safeguards

Introduction

Historically, the Munich incident of 1972 marked the start of a period of
increasing concern with the external adversary, particularly the terrorist,
that would threaten or assault institutions of society. It was clear that
at least some terrorist groups were and are sufficiently well trained, well
financed, and well organized to engage in a limited number of sophisticated
paramilitary operations. Thus over the last 6 years the development of
safeguards and security systems to deter, prevent, and respond to such threats
has been a major, although certainly not exclusive, focus of research and
development. A variety of other adversaries with varying objectives and
capabilities have also been identified. Development of sensors, hardening of
sites, and effective training of guards, have all been part of this response

to the threat of armed assault.

However, it is important to put these concerns in perspective. While a recent
study1 found actions against nuclear facilities have occurred, mostly during
the last 10 years, these have been relatively low level acts.z’3 Even the
more violent acts in Europe, such as bombings in Spain, have occurred at
reactors in construction. Thus, it is important not to exaggerate their
significance. There is an important difference between lTow level actions and
those designed to produce vast casualties through sabotage or utilization of
special nuclear material (SNM). The latter would be an escalation fraught

with grave implications. It should be observed that political terrorists

generally have not engaged in mass destruction.
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A few additional, initial overall points need to be made:

0 No attempts to quantify risk were made. Although acts with serious
consequences can be identified, the vulnerability techniques and
threat characterization analyses do not lend themselves to accurate
probabilistic estimates of success or failure needed for a quantified
societal risk projection; i.e.,

Risk = Threat (probability of occurrence) x vulnerability
(probability of success) x consequences

Attempts at quantifying intentional acts in terms that could be used
for comparison with other societal risks would be misleading rather
than fruitful.
0 The discussion of consequences and vulnerabilities is general. Specific

vulnerability or consequence evaluations are in many cases classified
and thus cannot be discussed in detail in a public document of this

type.

0 The discussion presents the state of the art in safeguards and security
technology and approaches. Its purpose is to provide to a decision-
maker a clear picture of the applicable safeqguards technology and
approaches, illustrating that sufficient reliable safeguards-related
information relevant to a DOE decision on the acceptability of the
LMFBR for future commercial use is available.

With this brief overview, the remaining discussion describes the type of
technology and analytical methods applicable to the LMFBR that have been

developed over the last 6 years (since ERDA-1535 was issued).

Forward

A primary mission of the DOE safeguards program is to provide overall support
in terms of development and design of components and systems that can be
effectively utilized to safeguard DOE fuel cycle facilities and transport.
However, to apply the technologies and methodologies which evolve from the
safeguards development program requires firm information on the characteristics
of future fuel cycle facilities, in particular the reactor plants and the fuel
fabrication and reprocessing facilities. Given this kind of information,

feasible safeguards systems can be designed, their effectiveness can be
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evaluated, and a management decision can be made with respect to the acceptability

of the systems.

Safeguards development includes consideration of measures which can be taken
to minimize or reduce the harmful consequences of postulated successful
adversary actions against a fuel cycle. Section III C of ERDA-1535 discusses
a number of such measures, and indicates an approach to determining their

effectiveness in reducing overall risks.

Existing safeqguards capabilities presently provide the basis to develop

a system to minimize the effectiveness of adversary actions. However, it

is anticipated that the R&D program will continue to generate safeguards
systems and components adaptations in support of the developing LMFBR require-
ments. These changes would improve cost effectiveness and further reduce

the possibility of adversary actions associated with such considerations as

changing threat patterns and advancing technologies.

Section 7.4.8.1.3 of the PFES described the future safeguards program in

terms of a number of general interrelated activities performed by the research
and development and regulatory arms of the AEC (now DOE and NRC). Since then,
ongoing implementation, development and planning activities have resulted in
an improved and more specific description of the DOE safeguards program, which
follows. For completeness, general information on NRC safequards activities
is also provided, since safeguards comparability between DOE and NRC is one of

our major objectives.
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The DOE safeguards program includes the development of capability to make
improved threat predictions and system effectiveness evaluations, and the
design and demonstration of balanced, flexible safeguards components and

systems and operations for application to future fuel cycles.

Before describing the safeguards program for the LMFBR fuel cycle, it should
be stated that the DOE safeguards program relates to all nuclear fuel cycles.
In general, the policies and techniques developed to protect nuclear material
in one facility or shipment are applicable in a generic sense to protection
of the same kind of nuclear materials in other facilities or shipments.
Physical protection systems, whether for a 1ight water reactor or an LMFBR
fuel fabrication facility, employ technology based on the same principles of
defense-in-depth, although the particular mix of elements will depend on the
specific type of facility and its location. For example, in such facilities
as reactors where special nuclear material (SNM)* is contained in large,
heavy subassemblies (fuel elements), and either positioned in the operating
reactor core or stored under molten sodium, the risk of diversion is less
than in other facilities where material is being processed for the fabrication
of fuel elements. Accordingly, a baseline of experience and capabilities has

already been developed which is applicable to the LMFBR.

Supplemental Information on the Future Safegquards Program

The following sections are related to the subtopics as presented in PFES

Section 7.4.8.1.3, pages 7.4-61 through -64.

*Special nuclear material means (1) plutonium, uranium-233, uranium enriched
in the isotope-233 or in the isotope-235, or (2) any material artificially
enriched.
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(a) Improvement of Threat Definition

A safeguards system is designed to successfully counter a set of defined
threats. Consequently, threat analysis must be based on an understanding

of the properties of nuclear materials which an adversary might seek to
exploit, and inferences as to the motivation and characteristics of possible

adversaries drawn from adversary activities in other fields.

Studies completed or currently underway involve identifying the motivations,
resources, and other attributes of potential adversaries;4 identifying the
range of credible threats;1 and considering the types of actions a partic-
ular adversary might choose against a nuclear target.5 These and related
studies are designed to provide information regarding the range of threats
and adversary behavior which might be encountered. Studies provide a basis
for understanding the range of threats which present or future safeguards
systems should be designed to counter. Experience indicates that the

threat is dynamic and will evolve and change with time--requiring systematic

review.

(b) Improvement of Safeguards System Design and Evaluation Capability

Safeguards system design is an iterative process which includes: assessment
of threats, assessment of the capability of existing safeguards to effectively
counter the threats, and improvement of the system to remedy existing or

anticipated weaknesses.
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The methodology for estimating the public and occupational health consequences
of events of concern is well defined, primarily as the result of extensive DOE
and NRC (formerly AEC) experience in nuclear safety design and accident and
weapons effects evaluation. Thus, work in this area consists of application

of existing analytical techniques to specific instances.6’7’8’9’10

With respect to methodology for evaluating the vulnerabilities of safeguards
systems, several analytical methods have been developed for this purpose.
These include: diversion path analysis, developed under contract with the
National Bureau of Standards; "black hat" techniques, developed by Sandia
Laboratory to evaluate protection systems for weapons materials; and
computer-aided systems to evaluate facility protection plans, developed at
the Lawrence Livermore, Sandia (ASM, SVAP, SAFE, SNAP, FESEM, ISFM) and

11,12 These efforts are directed toward

Brookhaven National Laboratories.
identifying as exhaustively as possible the range of vulnerabilities of
a safeguards and security system. Some focus on the insider, others the

outsider, and others can be used for a variety of adversary problems.

The analytical methods mentioned above have been applied to determine the
strengths and weaknesses of existing safeguards systems at specific DOE
facilities. The application of these analytical methods themselves is

being continually refined and improved.

(c) Application of R&D to the LMFBR Fuel Cycle

As shown in Figure 3, the LMFBR fuel cycle contains a number of elements:
fuel preparation and fabrication; the reactor; reprocessing; plutonium
storage; waste storage; and associated transportation. Each component of the

cycle creates specific demands for safeguard capabilities. However, certain
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aspects of (a) physical protection (including guard forces); (b) personnel
access/monitoring; and (c) materials accountability and control technologies

have general application to all fuel cycle elements.

General Safeguards Applicable to LMFBR

Physical Protection (including guard forces)

Over the last 6 years, there has been a concerted effort to improve the
performance of physical protection components, such as barriers, interior and
exterior intrusion sensors, closed circuit television (CCTV) for surveillance
and assessment, personnel identifiers, and automatic protective mechanisms and
guard force performance. Al11 of these developments are designed to 1imit the

effectiveness of adversary actions, particularly external assaults.

A number of sensors, such as microwave, ultrasonic, and buried cable motion
detectors, have been tested and proven effective at identifying intrusions
while producing 1ow false alarm rates. Effective systems of sensors for
surveillance and evaluation of an incident (assessment) have also been

developed, as opposed to 6 years ago.

Combinations of these technologies have been used at various commercial and
government facilities, such as at Pantex at Amarillo, Texas and at the FFTF
at Hanford, Washington. Protection against forceful intrusion by vehicles,
such as embankments and reinforced fencing, has been improved and tested.
Demonstrations of a variety of barriers, sensors, and automatic protective
mechanisms have been conducted at Sandia's test laboratory and various DOE

sites. Thus, an extensive data base presently exists and is available for
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design, installation, operation, and maintenance of effective, in-depth,

physical protection systems in support of the LMFBR Program.13’14’15’16’17

In addition, technology to improve the performance of guard forces during an
incident has been implemented and utilized extensively in training within

the DOE system. A sophisticated system for simulating actual combat, initially
developed by the military and called the Multiple Integrated Laser Engagement

System (MILES), is available for use.

Other developments that can improve guard response and performance are the use
of technologies to improve central communication and incident evaluation. In
particular, a Sandia system to allow a central guard communication station to
more effectively evaluate an incident, called Experimental Computerized Alarm
Display System (ECADS), is being developed as a design tool. The focus of the
system design is to account for the problems of man-machine interaction. This
was one of the problems identified as contributing to confusion during the
emergency at Three Mile Island (TMI), i.e., the organization and physical
design of the control panels. The ECADS system is an attempt to "human
engineer" this interface to minimize those types of problems during a

threatening safequards incident.

Transportation of nuclear materials has been considered an area of critical
concern, because of perceived vulnerability. When plutonium is transported, a
variety of protective techniques can be used. DOE now has substantial experi-
ence with its Safe Secure Transportation (SST) system. This includes vehicles
with immobilization devices, hardened driver cabs, and penetration resistance
features in the trailer where plutonium is stored. In addition, DOE has

accumulated several years of experience in utilizing technologies for
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effective emergency communication, and the use of mobile guard forces. Thus,
technology and operational approaches to secure plutonium in transit are

available and currently being employed in the field.

Finally, LMFBR spent fuel and high level waste should not present any different
problems than 1ight water reactor (LWR) spent fuel and high level waste. Theft

18 of the seriousness of

is not considered a common threat. Experimental studies
sabotage will be completed by FY 1983. Capabilities to protect spent fuel and
high 1evel waste should be less demanding than those already in place for the

protection of plutonium in transit.

Personnel Access/Monitoring

Another focus of concern is the control of access into sensitive parts of
LMFBR facilities. Reactors, reprocessing plants, plutonium storage facili-
ties, and fuel preparation and fabrication facilities all have sensitive areas
which must be protected from sabotage or SNM losses. It is necessary to
assure: (1) that only those who have a need to have access can enter these
areas, (2) that contraband (such as explosives or weapons) cannot be brought
into the area, nor SNM taken out, and (3) finally that those that have access
can be monitored to detect and help prevent a hostile or malevolent act from

occurring.

With regard to the control of access not only will the present badge or card
key identification systems be available but technologies that would include
more sensitive indicators of identity such as hand geometry (physical dimension
of the hand) have been tested. These technologies would be available for
application in the future. To prevent the removal of nuclear material from a

facility, or the introduction of contraband, personnel portal monitors have
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been developed and are now commercially available (in contrast to 6 years ago)
which can detect gram quantities of plutonium (unshielded), as well as metallic
objects. Sensitive instrumenfs have also been developed to search for nuclear
materials in vehicles and other hiding places. Commercial explosives detectors
are available and R& is underway to further increase the detection sensitivity

of such devices.

Finally, motion detectors that can monitor movements, particularly unusual
ones, within, or into or out of, sensitive areas have been demonstrated.
CCTV surveillance and assessment can also be used, in contrast to 6 years
ago, and the two man rule (no single individual allowed in a sensitive area)
can be implemented to assure increased protection against an "insider"

adversary.

To deal with potential "insider" sabotage involving manipulation of equipment
or operational controls, tamper-indicating devices and time delays on critical
components such as switches can be developed and implemented with existing

technology. An alarm signal and override control in a central location could

be part of an effective system.

A variety of design tools to minimize such problems have been developed over
the last 6 years at Sandia National Laboratory. These techniques or tech-
nologies can prevent an individual having access to materials and facilities
from engaging in criminal acts, making it exceedingly difficult and thus
undesirable to attempt the theft of plutonium or engage in acts of sabotage.
Thus, the 1ikelihood of a successful malevolent act is small, although not

zZero.
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Materials Accountability and Control

Another important component of the overall safeguard system for the LMFBR will
be accounting for plutonium moving throughout the system. The critical points
of potential accessibility are in fuel fabrication, plutonium storage, and

spent fuel reprocessing.

With regard to fuel fabrication, a variety of automated destructive and
nondestructive instruments for assay of uranium and plutonium have been
installed and successfully tested. Data from the instruments can be fed
into a computer-based accountability system. Several commercial and DOE
facilities have similar systems in operation. The Los Alamos plutonium
processing facility (TA-55) contains an automatic computerized measurement
system designed to detect immediately small diversions from the process

19,20,21,22 Other systems are designed or in operation. By use

lines.
of these automated devices, direct personnel access can be reduced or

eliminated.

Systems are being developed for operation of plutonium storage vaults with
increased security and to facilitate the performance of inventories which will
rapidly detect material discrepancies. These have been demonstrated at the
Rockwell International Plutonium Storage Facility in Hanford, Washington, and

at Sandia and LANL (Los Alamos National Laboratory).

For reprocessing plants, material accounting procedures for separated plutonium
are well developed. On-line non-destructive analysis (NDA) techniques are

being developed to give near real time analyses that are comparable in preci-

sion and accuracy to more time consuming wet chemistry methods. Similar




techniques will be used for the storage and accounting of Pu02 in process

1ines.

The generic type studies, applications and demonstrations mentioned above,
together with other safeguards measures in place and under evaluation at

DOE facilities, will provide an increasingly extensive inventory of technology
which can be drawn upon to design safeqguards systems for application to a
future commercial LMFBR industry. Additional details are given in Table 5

(a revised version of Table III C-1 in ERDA-1535).

Demonstration of reprocessing plant advanced safeguards systems will initially
be implemented in a breeder head end reprocessing facility, coupled with an
LWR safeguards demonstration. In a joint effort, Allied General Nuclear
Services (AGNS) and the Oak Ridge National Laboratory have been cold testing
safeguards instrumentation and procedures at the Barnwell Nuclear Fuel Plant

(BNFP).

Specific Aspects of LMFBR Safeguards

The above three main categories of safequards, i.e., Physical Protection
(including guard forces); Personnel Access/Monitoring; and Materials Account-
ability and Control, are applicable in varying degrees to the following
elements of the LMFBR fuel cycle. The general safeguards discussed address
most needs of these fuel cycle activities. Some safeguards aspects of
specific LMFBR facilities and functions are summarized in the following

paragraphs.
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Table 5
DOE SAFEGUARDS PROGRAM FOR LMFBR--ACTIVITIES AND MILESTONES

cY
(a) Threat Definition e
o evaluate criminal adversary capabilities 718**
0o evaluate adversary motivations and intentions 80**
o match adversaries to generic nuclear criminal actions 81%*
0 continuing review into 80's
(b) System Design and Evaluation Capability 19
0 design near-real time material accounting systeTlfor TA-55 17%%*
o develop comprehensive system evaluation program 80**
o establish operatiop,of,nggrsreal time material accounting
system at TA_55§6,21,52,53,25 25 26 .27 81**
0o complete integrated system design for TA-55"7°""* 81**
o begin application of comprehensive system evaluation to
DOE facilities 81**
0o continue comprehensive systems evaluation and d§§e1opment
of cost-effective approaches for DOE facilities into 80's
(c) Interruption and Consequences Reduction Capability (Generic
System Demonstrations)
0 Prototype computerized Pu accountability system at Los
Alamos facility 29 80**
0 Physical protection at Sandia Test Reactor 718**
0 Pu storage protection system at Atlantic Richfield facility 719**
0 Physical protection system technology into 80's
o Demonstration of prototype SNM measurement instruments/ into 80's
system
(d) LMFBR System Evaluation
o Synthesis and compgﬁhensive evaluation of future LMFBR
safeqguards systems 78-84*
o Start long-term demonstrations
FMEF (SAF) 84(87)
CRBR 83
Breeder Reprocessing Head End early 1990's

* Based upon availability of LMFBR facility design information per the following
schedule:

o Clinch River Breeder Reactor (CRBR) complete in 83
o Secure Automated Fabrication (SAF) Line in FMEF complete in 83
0 Hot Experimental Facility (HEF) completed in 81

[conceptual design study]

** Completed milestones




Reactors

The Hanford Engineering Development Laboratory, which includes the Fast Flux
Test Facility, initiated a construction 1ine item for safeguards improvements
in FY 1979 which is to be completed in FY 1982. The improvements include
construction of new fences, electronically-monitored fence alarms, 1ighting,
additional guard stations, personnel monitoring, closed-circuit television

monitoring, door alarms, and an emergency control center.

At the Test Reactor Area (TRA) at the Idaho National Engineering Laboratory,
construction of a nuclear material inspection and storage facility was
completed in 1981 in order to provide upgraded safeguards capability for
nuclear material storage, accountability assay, measurements, and quality
assurance functions. In addition, guard facilities protecting the TRA

were hardened.

At Argonne National Laboratory (ANL)-East and ANL-West, an overall upgrade
project was completed in 1981 that included addition of nondestructive
assay equipment, installation of area intrusion detection systems, fencing,
alarms, lighting, access control systems, and construction of a security

building.

The safeguards aspects of the Clinch River Breeder Reactor Plant (CRBR)
are in accord with applicable regulations for nuclear power plants; i.e.,

10 CFR 73, Parts 1 and 55.
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As directed by the regulations, the CRBR plant area is apportioned into the

requisite owner controlled, protected, and vital areas defined as follows:

1. An owner-controlled area which is the area contiguous to the protected

area with limited control for security purposes. The perimeter of this
area shall be marked by signs or other means to ensure that persons
entering the area are aware that they are on private property. Existing

roads will facilitate locating and removing persons from this area.

2. A protected area which is an area within the controlled area. This

area shall be enclosed by a security barrier through which access shall be
strictly controlled. An isolation zone shall be maintained on both sides

of the barrier with sufficient illumination for monitoring and observation
at night. Employee and visitor parking areas shall be located outside the

outer isolation zone.

3. Vital areas (as defined by ANSI N18.17) which shall be located within the
protected areas, and shall be protected by building walls, roofs and
floors, which constitute a second physical barrier. Vital equipment and
facilities shall be isolated from non-vital equipment and facilities to
the maximum extent practical. The second physical barrier enclosing vital
equipment shall be capable of deterring intrusion by unauthorized persons

and shall provide reasonable resistance to penetration.

Security measures incorporated include, as a minimum, a perimeter physical
security barrier enclosing the protected area and all vital areas,
intrusion-detection systems, closed-circuit television systems, 1ighting
systems adequate for effective surveillance, patrol roads, buildings

designed to resist forced entry and fire bombing, and a card-key system




¥

for access control to certain sensitive and vital areas 6’ the plant.
Guard forces trained to meet the requirements of 10 CFR 73, Appendix B,
are integrated into the system. It is anticipated that the safeguards
features of the Large Development Plant (LDP) will be generally similar

to those of the CRBR.

! - Pe fe S.c\- [2 cacnand s
Reprocessing Plants (1o d pa gt s éﬁ ¥ 3

An LMFBR fuel reprocessing plant will reprocess and recycle fuel for several
reactors and will handle relatively large amounts of plutonium. Safeguards
measures which will be needed for LMFBR fuel reprocessing will include physical
protection systems, which are similar to those in use and planned for other
nuclear facilities, and material control and accounting measures which rely
largely on technology well-demonstrated in past reprocessing operations.

These will be supplemented by the latest measurement and control technology

and advanced safeguards concepts, which are now under development.

One place where these systems have been developed is the Barnwell Nuclear

Fuel Plant (BNFP). A plant reprocessing Fast Breeder Reactor (FBR) fuel will
differ only in some details from those required at an LWR fuel reprocessing
plant. BNFP provides a base of experience in material control, accounting,
and physical protection systems developed during the past 6 years including
near-real-time accounting, voice ID check, all-around television surveillance,
remote monitoring of all access to separated Pu-nitrate product and elaborate

physical protection capabﬂit_y.31’32’33’34

The variety of physical and chemical forms of fuel, and the various process
vessels and flow paths in a reprocessing plant require the use of several

unique safeguards measures. However, the economic incentives for high
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operating effid#%ncy in LMFBR reprocessing plants will cause extensive use
of process instrumentation, and that same instrumentation will provide

valuable information for safeguards measurements and control.

Therefore, standard process monitoring and control data will be available to
provide expanded safeguards protection of nuclear fuel cycle facilities. The
methodology identifies process events by recognizing significant patterns of
changes in on-1ine measurements. The goal is to provide information on
process status useful to other facility safeguards operations. Use of such
information to supplement safeguards has been demonstrated at the BNFP, and
the feasibility of the concept was established. The process monitoring

concept is being expanded and further demonstrations are planned.

Penetration monitoring is a material control strategy that involves
monitoring penetrations of containment boundaries to detect anomalous move-
ments of material through the boundaries. The concept has been extensively
developed and documented, and one detailed study was done for a conceptual

plant design.35

Each of the safeqguards measures which can be used in reprocessing plants
involves large amounts of data and requires complex decision analyses.
Consequently, future safeqguards systems for reprocessing plants will rely
on extensive use of computers. Considerable effort is planned to achieve
the reliability and security needed for safeqguards applications. Also,
many of the instruments which may be needed for some of the safeguards

measures are not fully developed, and additional effort is planned.




Fuel Preparation and Fabrication Facilities

A}

The area requiring special attention in fuel fabrication is the integration of
availabile safeguards accounting technology with measurement information
generated by the requirements of remote fabrication. Successful meshing of
these elements should provide real time accountability of special nuclear

material.

The Fuels and Materials Examination Facility (FMEF) will be a fuels facility
with supporting laboratories to develop and demonstrate LMFBR fuel fabrication
processes, equipment, and related technology. The Secure Automated Fabrication
Facility (SAF) will be installed in the FMEF at Hanford, Washington. The SAF
1ine incorporates the capability to control processes in this manner and to
demonstrate near real time accountability. SAF will provide the technical

base for development of the necessary long-term commercial manufacturing
capability for LMFBR fuels. Safeguards demonstration will be preceded by
analysis of vulnerability to overt and covert access to SNM, as well as
sabotage; design of countermeasures to suitably strengthen desired areas; and
design of the physical security system. Safeguards design will also involve
application of advanced techniques for materials control and accountability

and protection of plutonium inventory. Process operations and vaults will be
designed to resist diversion and will incorporate alarms, warning systems, and
tamper-safing features, as well as make extensive use of on-1ine nondestructive
assay methods, on-line inventory, and highly automated and protected process
operations minimizing access to SNM. A systematic design of the total system,
interfacing with the requirements of a highly automated, high through-put
process line operation, will achieve maximum protection. Development of

design principles and criteria for this system is underway. Installation
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of SAF is scheduled to start in 1984 and the 1ine is scheduled to begin
operation in 1987, at which time the safeguards system will be operating as

an integral part of the facility and will be subject to further evaluation.

Nuclear Waste Management

The safeguards applied to reactors and special nuclear materials are sufficient
for radioactive waste considerations. Storage of spent fuel at reactor sites
is within the physical protection systems for each reactor. High level
radioactive waste is stored in underground tanks and bins within the physical
boundaries and protection systems at DOE sites. Similarly, transuranic (TRU)
wastes are packaged in DOT approved shipping containers and transported from
points of origin to retrievable storage facilities, where they are handled and
processed within existing physical security systems. The TRU operation now
exists only within the DOE system. Once commercially generated TRU waste
exists, the technology employed by DOE will be available to the commercial
sector. No special safeqguards measures need to be developed or employed for

Tow level radioactive waste.

Physical transportation of spent nuclear fuel is accomplished using DOT and

NRC approved shipping casks. These specially designed casks provide radiation
and thermal protection and are designed and tested to survive transportation
accidents. Shipment of spent nuclear fuel is performed in accordance with
existing DOT and NRC regulations. Movement of solidified high level waste will
be accomplished in similar fashion using approved shipping containers specially
designed for the solidified high level waste. Existing transportation systems
satisfy current requirements and will be adapted to satisfy future requirements
for the safe and secure transport of spent nuclear fuel and high level radio-

active waste.




(d) Coordination with NRC and Other Organizations

The Energy Reorganization Act transferred the licensing and inspection
operations for privately-owned nuclear facilities from the regulatory arm of
AEC to the Nuclear Regulatory Commission. Responsibility for promulgation of
safeguards requirements and inspection of Government-owned nuclear facilities
was transferred from the AEC to DOE (except for new demonstration power
reactors and nuclear waste disposal sites, which are subject to NRC licensing

and inspection).

DOE is charged to develop and to demonstrate the effectiveness of safeguards
for new fuel cycles. NRC is conducting confirmatory research to determine
whether the safeguards plans submitted to NRC by DOE for facilities subject to

NRC licensing, and plans submitted by private facilities, satisfy NRC criteria.

Since the CRBRP is subject to NRC license requirements and inspection, ongoing
activities and design have been, and will continue to be, closely coordinated
with NRC. To facilitate this endeavor, the NRC has established a Program
Office specifically for the CRBRP Project. Progress to date includes the
preparation of an essentially completed conceptual design for the CRBRP
safeguards system which is in full compliance with NRC requirements as set
forth in the Code of Federal Regulations (e.g., 10 CFR 73, 10 CFR 70) and
applicable Regulatory Guides. The safeguards for this facility are expected

to further demonstrate the high standards of protection capabilities applicable
and available to future facilities to assure that LMFBR commercial power plant

safeguards will be highly effective.

While the regulatory responsibilities of NRC and the developmental

responsibilities of DOE must be clearly separated, the activities of the two
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agencies toward improved safeguards are being coordinated. To the extent that
safeguards measures applied to DOE facilities also apply to licensee facilities
(which is usually the case), DOE has the responsibility not only to optimize

such systems but also to make safeqguards system design and operating experience

available to the nuclear industry and to NRC.

DOE continues to cooperate with NRC and other Government agencies in those
aspects of nuclear safeqguards which transcend individual agency responsi-
bilities. DOE will assist in the development of plans and procedures for
deterrence, interdiction and response and recovery where nuclear materials
are involved. DOE technical capabilities will be developed and maintained as
required to support interagency emergency preparedness plans covering nuclear
sabotage, dispersal, or explosion and to support any search and recovery
procedures conducted by or with other agencies. DOE considers that it has a
responsibility to insure the development and maintenance of all interagency

programs that relate to safeguarding of nuclear materials.

DOE is the lead U.S. Government Agency for providing U.S. support to the
International Atomic Energy Agency in developing and implementing an effective
safeguards system for nuclear materials and equipment as required by the
Nuclear Non-Proliferation Act of 1978, among others. The objective of the
international safequard system is the timely detection of any diversion of
significant quantities of nuclear material from peaceful nuclear activities to
the manufacture of nuclear weapons or for other purposes. Early detection is
a significant deterrent to diversion by an individual nation. DOE supports
R&D to develop instrumentation, equipment and procedures for safeqguarding all
phases of the nuclear fuel cycle which include uranium enrichment, nuclear

reactors and chemical reprocessing of spent nuclear fuel. Specifically, the




products of the R& include approaches and instrumentation that will assure
the control and accountability of significant quantities of uranium and

36 Included are non-destructive assay instruments and téchniques

plutonium.
for near real-time accountability as well as equipment for containment and
surveillance of nuclear material and facilities. The hardware developed
includes advanced radiation detectors, closed circuit television, security
seals which indicate tampering, personnel identification devices, and nuclear
material monitors. The Department of Energy through its Office of Safeguards
and Security works closely with international organizations (IAEA, EURATOM)
and other governments (Canada, UK, Japan, Germany, etc.). DOE exchanges
technical safeguards information with the IAEA and provides technical experts
in the areas of materials control and accounting and containment and surveil-
lance. The objective and results of this work are the establishment of an

effective safeguards system for the prevention or detection of the unauthorized

diversion of nuclear materials.

(e) Nonproliferation

The subject of international safeguards has been studied intensively in

recent years as part of an overall examination of the issue of nuclear
nonproliferation. The fundamental premise of this issue is that the real and
perceived risks of nuclear proliferation constitute a serious threat to
international peace and stability. The concern with regard to civilian
nuclear power systems is that as the reactors, fuel cycle facilities, and
supporting civilian research and development activities become more widespread,

their abuse may provide an alternate route for nuclear weapons capability.

The U.S. LMFBR program was influenced significantly by the nonproliferation

policies of the previous administration. Exhaustive studies of possible
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means of reducing the risk of nuclear proliferation without jeopardizing the
development of nuclear energy for peaceful purposes were conducted. The
Nonproliferation Alternative Systems Assessment Program (NASAP)37 and the

)38 were both directed at

International Nuclear Fuel Cycle Evaluation (INFCE
providing the basis for ensuring that nuclear power programs and systems, as
they evolved here and abroad, did not present an attractive route or make
significant contributions to a nuclear weapons capability. Moreover, these
studies considered many alternative fuel types and techniques to make reactor
fuel a less desirable material for input to a weapons-acquisition effort.

39, the hope of finding a "technical

But, as concluded by Smith and Rathjens
fix" to the proliferation problem proved illusory:
"But to the surprise of few in the technical community, neither
NASAP nor INFCE came up with realistic fuel-cycle alternatives
that would permit reprocessing and reuse in reactors while

making access to weapons materials difficult for nations (as
distinct from terrorists)."

The INFCE conc1uded40

that: "“...technical measures have a powerful influence
on reducing the risk of theft, but only a 1imited influence on reducing the
risk of proliferation." INFCE participants formally recognized the importance
of international safeguards and institutional measures, and judged these
activities more effective in reducing proliferation risks than technical

measures.

With regard to technology, the NASAP study concluded that while a combination
of 1ight water reactor fuel-utilization improvements and tails assay reduction
appeared adequate to support U.S. power needs through at least the first
decade of the 21st century, breeder reactors may become desirable and necessary
before the first quarter of the next century is over. Of the breeder systems

that could be commercially available by then, none was found to be more
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proliferation-resistant than the liquid metal fast breeder fueled with uranium
and plutonium. This system, of which the Clinch River Breeder Reactor Plant
is the forerunner, is also of interest because of its technical feasibility,

commercial potential, and economic and resource use aspects.

The INFCE study concluded that, with certain improvements, complete fuel

cycles with reprocessing, recycle, and breeder reactors can be used without
undue risk and are essential to adequate energy supplies for the world. With
regard to the fast breeder, INFCE concluded that the diversion risk encountered
in the various fuel cycle stages presented no greater difficulties than in the
case of the 1ight water reactor with the uranium-plutonium cycle, or even in

the case of the once-through cycle, in the long term.

The President's Nuclear Nonproliferation Policy Statement of July 16, 1981,
proclaims the critical importance of preventing the further spread of nuclear
explosives to other countries. In regard to nuclear reactor matters, it
proposes to improve the effectiveness of the pursuit of these objectives by
strongly supporting and continuing to work with other nations to strengthen
the International Atomic Energy Agency (IAEA) to provide for an improved
international safeguards regime. Further, current policy is that unless

the U.S. acts as a predictable and reliable partner for peaceful nuclear
cooperation, its support to deal with proliferation problems will be

reduced. Development of LMFBR technology is consistent with these

policies.
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(3) Waste Management

The major waste management issue has been selection of a generally accepted
method for removing and segregating high-level and transuranic radioactive
wastes from man's environment for the long time periods required for these
wastes to decay to safe levels. Because of this, it has been suggested by
some that nuclear reactors be shut down, and the LMFBR Program be delayed,
until a definitive method for permanent disposal of high-level radioactive
wastes has been demonstrated. The problem of waste disposal is not unique to
the LMFBR fuel cycle, but also must be resolved for the LWR or other nuclear
fuel cycles and for the wastes resulting from defense programs. Furthermore,
the quantities of LMFBR high-level and transuranic wastes will be considerably
smaller than the quantities of such wastes from the LWR fuel cycle or from
defense programs until well into the twenty-first century. For purposes of

the waste management program, LMFBR and LWR wastes are essentially the same.

The major waste management issue of how to dispose of high-level and transuranic
wastes has been addressed. There is general agreement among the technical
community, government agencies, elected leaders, and the public that mined
geologic disposal is the preferred disposal method at this t1'me.5 DOE care- 21
fully considered the environmental impacts and concluded that mined geologic
disposal was preferred at this time above all other methods. DOE documented

this decision in its Record of Decision in the Federal Register on May 14, 1981.1

Waste Management Program

The key element of the waste management program which has a bearing upon the
LMFBR fuel cycle is the availability of a geologic disposal facility for
high-level and transuranic wastes. Programs are underway to develop such

facilities in the 1990s. Included in this program effort is the Test and
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Evaluation facility that allows for emplacement of several hundred canisters
of high-level waste in geologic media at proposed depths. The T&E facility
will be used to develop waste emplacement technology, methods for handling
large quantities of waste packages, and to demonstrate on a practical basis
that high-level radioactive waste can be handled and stored safely. The T&E
facility is scheduled to be operational by 1989. Selection of the site for
the first licensed repository is scheduled for 1988 and full-scale operation
by as early as 1998, to meet the requirements associated with the LWR fuel
cycle. This is well in advance of waste disposal needs of the LMFBR Program.
Based upon the schedule for the repository program (see following Figure 4),
there does not appear to be any constraint on the LMFBR Program imposed by
disposal requirements for high-level or transuranic radioactive wastes.
Repositories will be designed to accept solidified high-level waste (HLW) and
transuranic (TRU) waste from commercial power reactors and from the Department
of Energy (DOE) programs, and would also be capable of accepting unreprocessed

spent fuel, if disposal of such materials were deemed appropriate.

Geologic disposal has been selected for the isolation of HLW and TRU waste from
the commercial fuel cycle. The reference option for HLW and TRU waste from DOE
programs is immobilization and disposal in a geologic repository. This approach
for disposal of commercial waste has been suggested and reconfirmed by several

groups, as described be]ow.1

In 1955, the Atomic Energy Commission (AEC) asked the National Research Council,
an advisory committee of the National Academy of Sciences (NAS), to assess the
use of geological formations in the United States for HLW disposal. The

Academy published a report of their findings in 19572 and concluded that

"wastes may be disposed of safely at many sites in the U.S., but conversely
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there are many large areas in which it is unlikely that disposal sites can
be found."2 The report went on to state: "the research to ascertain the
possibility of disposal has for the most part not yet been done. Disposal
in cavities in mined salt beds and domes is suggested as possibly promising

the most practical immediate solution of the prob]em."2

The Academy also
recommended that liquid waste be transformed into a solid stable form prior to
emplacement in a geologic repository. Subsequent reviews by NAS in the 1960's

and 1970's duplicated these initial recommendations.

In 1965, the AEC conducted a series of experiments involving emplacement of
spent nuclear fuel elements in an abandoned salt mine near Lyons, Kansas to
determine the feasibility of waste emplacement in salt. The experiment was
ended and the spent fuel was removed in 1967. Following the analysis of the
Project Salt Vault data and a number of other design studies, the Atomic Energy
Commission in June 1970 announced its intention of establishing a Federal
demonstration waste repository adjacent to and encompassing the inactive Lyons
mine provided that subsequent geological investigations confirmed the suit-
ability of that site. Those investigations over the next two years encountered
technical difficulties associated with past and (then) present mining methods
as well as strong political opposition. For those reasons, investigations of
the Lyons, Kansas, site as a possible repository ceased in 1972. After the
investigations at Lyons, a number of broad geological surveys of several
underground salt formations in the country were undertaken as the first steps
in evaluation of their suitability for waste disposal. In the mid-1970's, the
Energy Research and Development Administration (ERDA) undertook an extensive
review of its nuclear waste management program. As a result of this review,
ERDA developed and undertook a program to locate sites and develop the related

technology.




In 1978, an American Physical Society study group published a report3 which
focused in considerable detail on disposal in a geologic repository. The
consensus of the study group was that "we recommend emplacement of high-Tlevel
and transuranic wastes in a geologic repository. If reprocessing were to be
deferred for the long term, we recommend that provision be made for the
storage of spent fuel in a geologic repository. We expect that many

waste repository sites with satisfactory hydrogeology can be found in the
continental U.S. in a variety of geological formations, including bedded

sa]t.“3

A DOE Task Force was formed in late 1977 to analyze the overall Federal waste
management program and to consider the methods for final disposition of
radioactive waste. Its draft report, published in February 1978, highlighted
the need for a comprehensive Federal approach to waste management. The

Interagency Review Group (IRG) was established in response to this recommen-

dation and released its report in March 19794, as a basis for formulating
policy for radioactive waste management. A key recommendation of this report
was that planning activities in the near term should be based on the assumption
that the first disposal facilities for HLW will be in mined geologic reposi-
tories. Along with this recommendation, however, the IRG recognized "that

a much more broadly based program which addresses fundamental scientific
questions with a systems concept is needed."4 Based on its findings, the

IRG also made specific recommendations that nuclear waste disposal should
proceed on a step-wise basis in a technically conservative manner, and that

a systems approach should be used to select the geologic environment,

repository site, and waste package combination.
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As a part of assessing the overall program strategy, a Draft Environmental
Impact Statement (EIS) on Management of Commercially Generated Radioactive
Waste was published for review and comment in April 1979. Following review
and revision to reflect comments received, it was issued as a Final EIS in

October 1980.°

This EIS evaluates waste disposal alternatives and concludes
that there appear to be no environmental issues that would reasonably preclude
a program strategy favoring disposal in mined geologic repositories. Based on
this EIS, a Record of Decision was issued by the Department of Energy in May
19811 adopting the mined geologic repository strategy for disposal of

commercial ly-generated high-level and transuranic radioactive wastes.

In 1977, the U.S. Geological Survey (USGS) published a critique of the status
of the technology for radioactive waste disposa16 and identified many areas

in which it was felt more emphasis should be placed. Following publication of
this review, a joint technical working group from DOE and the U.S. Geological
Survey (USGS) was formed to define the major technical issues related to perma-
nent isolation in mined geologic repositories. This working group reviewed

7 The resulting report8

the USGS report and also a report issued by the EPA.
reviewed ongoing earth science research and plans and reached the following
major conclusions:

0 A review of all earth science research found no major areas in which

research was lacking.

0 The current technical plans should result in a resolution of major
technical issues concerning repository development.

o Available technology is adequate to proceed with identification and
characterization of potential sites.

The Nuclear Regulatory Commission (NRC) is conducting a rulemaking proceeding

for the purpose of assessing "generically the degree of assurance now available




that radioactive waste can be safely disposed of, to determine when such
disposal or off-site storage will be available, and to determine whether
radioactive wastes can be safely stored on-site past the expiration of existing
facility licenses until off-site disposal or storage is available." This
rulemaking was initiated in response to the decision of the United States

Court of Appeals in State of Minnesota v. NRC, 602F. 2d 412 (1979), but it

also is a continuation of previous proceedings conducted by NRC in this area

(42 FR 3491, July 5, 1977). A Notice of Proposed Rulemaking was published in

the Federal Register on October 25, 1979.9’13

The national strategy for permanently isolating high-level radioactive waste
contains the following major elements:
0 The repository system will undergo a rigorous regulatory review since
it is required to be licensed.
0 A technically conservative approach to development and evaluation of

the repository will be followed to compensate for perceived repository
system performance uncertainties. This approach includes the following:

A "step-wise" approach to repository development will be implemented,
which means proceeding cautiously through each phase of development
and operation by taking advantage of information, data, and experi-
ence gained in previous phases.

- The concept of a multi-barrier system (developed since ERDA-1535)
for isolation of the waste will be used. This system, composed of
several man-made and natural-barrier components, provides "defense
in depth" against the release of radionuclides to the environment.

- Conservative design and operating margins will be utilized to
compensate for residual uncertainties in the repository system.

- The capability to retrieve all emplaced wastes for a limited period
of time will be designed into the repository system.

0 Throughout all phases of the program, approaches will be subjected
to a continual review. This will be accomplished through regularly
scheduled technical and non-technical reviews.

0 The repository will be capable of handling and disposing of either
immobilized HLW or unreprocessed spent fuel, and TRU wastes, thus
providing a firm basis for licensing regardless of any future decision
on reprocessing.




0 Repositories will be regionally sited to provide for equitable
distribution of the impacts of disposal including minimization of
transportation risks.

0 Multiple geologic environments will be considered prior to selecting
a site for any repository.

0 The program is committed to providing an effective role for States,
local governments, and Indian Tribes in the decisionmaking process.
States and Indian Tribes will have a timely and continuing role
in the Federal decisionmaking process on the siting, design, and
construction of repositories.
Additional details concerning the waste management program are given in

Appendix B.

Status of Technology for Isolating Nuclear Wastes

A report on the status of technology relevant to long-term isolation of
high-level and transuranic wastes in a mined geologic repository has been

1‘ssued.10

This report identifies and evaluates additional information and
identifies topics where work is underway or needed to reduce uncertainties.

The major findings and conclusions foilow.

1.1 Importance of the Systems Approach

The fate of radionuclides over thousands of years in a geologic repository
will be determined by the cumulative effect of geohydrologic, geochemical,

and tectonic characteristics of the repository environment and by human
activities in the future, as well as by the physical and’chemical properties
of the rock chosen for waste emplacement, the waste form, and other engineered
aspects of the repository. Because no single property, characteristic, or
human action alone will determine the fate of the radionuclides, the waste

package, the repository, and the geologic environment of the repository are
11

analyzed as a system.




Adoption of a systems approach implies that:

(a) To the extent that they are independent, natural barriers to radio-
nuclide migration can provide significant assurance of waste isolation
and to some degree can compensate for imperfect predictive ability of

engineered barriers.

(b) The waste form and other engineered components of the repository system
can also provide significant barriers to radionuclide migration, but
only to the extent that they are tailored to be compatible with the

repository environment.

(c) Geologic environments and formations heretofore not considered could

prove to be suitable for repository sites.

Scientific and technological knowledge is adequate to identify potential
repository sites for further investigation.4 No scientific or technical
reason is known that would prevent selecting and characterizing sites that
would be suitable for a repository, provided that the systems approach is

used to evaluate the suitability of the sites and the repository designs. A
suitable site is one at which a repository would meet predetermined criteria
and which would provide a high degree of assurance that radioactive wastes

can be isolated from the biosphere for periods of thousands of years. General
guidance on program objectives, functional requirements, performance criteria,
and specifications intended to ensure that the program is consistent with
national policy and that it results in the safe and environmentally acceptable
disposal of radioactive waste has been estabh’shed.12 These, plus site specific
criteria, are intended to follow the approach of the proposed NRC regulatory

criteria for a licensed repository (10 CFR Part 60).
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Successful isolation of radioactive wastes appears feasible for periods of
thousands of years. A thousand years is sufficient to permit decay of most
of the fission products that represent the largest fraction of the radio-
activity of the waste. Beyond a thousand years, and during the time in which
actinides and a few long-lived fission products remain, the ability to predict
repository behavior, and therefore, the assurance of successfully meeting

isolation criteria diminishes.

Some uncertainties can be bounded or compensated for and, therefore, need not
be resolved in detail before selecting a site or constructing a repository;
other uncertainties can be resolved during repository construction. The status
of technology for site selection and characterization is adequate to meet the
requirements for selecting a site to dispose of radioactive wastes in a mined

geologic repository.13 Current mathematical mode]s14

adequately represent the
more important processes involved in radionuclide transport; they aid technology
development by identifying factors most important to waste isolation, and can
be used in site selection and in preliminary performance assessments of site-
specific repository designs. Verification of modeling of flow in fractured
rock and of waste/waste package/host rock interactions remains to be achieved.
Transportation and emplacement of spent fuel have been demonstrated. Although
evaluation of potential metal barrier materials is not complete, available data
indicate that several alloys are capable of maintaining their integrity for
long periods under anticipated repository conditions. The current research and
development program is expected to provide the remaining technical data needed

for the design, 1icensing, and operation of a waste repository as required.10

Isolation Barriers. Extensive design, testing, and development studies15 on

individual components of the waste package system under expected repository
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conditions have been in progress for several years. These studies, conducted
in universities as well as in industrial and national laboratories, indicate
that some of the available components of the waste package system can prevent
or minimize release of radionuclides to the natural system by functioning

as effective chemical and physical barriers.

Experiments that simulate repository conditions and integrate the behavior
of waste package components and the geological environment are in progress.16
Laboratory efforts are being directed toward more complex tests, including

testing to meet long-term requirements.

Various aspects of required testing have been described by the Department
of Energy (DOE) and the U.S. Geological Survey (USGS) in the "Earth Science
Technical Plan" which discusses the types of data required and the needed

sequence of laboratory, large scale engineering, field, and in situ tests.8

A Waste Package Design, Development, and Test Plan has been formulated to
direct the development of improvements in the waste package. An integral
part of this plan is the development of coordination among, and standards to
be followed by, researchers and waste management organizations with respect
to testing procedures and materials certification. Newly created organiza-
tions have been charged with supporting waste package design, development,
and testing programs to produce suitable packages that meet established

requirements.

Performance Assessment. Current work in refining and coupling individual

models is in progress to develop a more complete and more versatile system
of models to describe complex phenomena. These advanced mode1s8 will be

available in late 1981, and their coupling will be completed in 1982 (with the
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exception of thermomechanical and hydrologic models which will be coupled by
1985). 1Insights gained from sensitivity and uncertainty analyses will be used
to plan further development; verification by laboratory and in situ tests

will continue throughout the process. In the meantime, analysis of the
response of the hydrologic system to thermomechanical effects will be conducted
using uncoupled models with more conservative parameters to compensate for the

added uncertainty that is involved.

The use of these continually improving models, along with the improving body
of experimental data, will permit more complete performance assessments to
be made. These assessments will contribute to site selection and verification

of repository design, and confidence in the safety of the repository system.

Models have also predicted the consequences of releases of radionuclides from

17,18,19 The majority of credible release

repositories in the distant future.
scenarios would not deliver any significant doses to people. The only studies
that have predicted large doses to people have been based on what seem to be
unrealistic assumptions, such as the occurrence of highly unlikely breaching

phenomena or the omission of engineered barriers from the repository system.

Site Selection and Characterization. Site selection and characterization

include all the exploration and testing that is required to determine the
acceptability of a site for a waste repository. Current technology is avail-
able to pursue testing during the excavation of the repository; continuing

examinations will develop information in ever increasing detail.

Characterization of a repository site is interdisciplinary in its approach and

includes many aspects of earth sciences, engineering, safety analysis, health

physics, biology, and the social sciences. These studies include theoretical,




laboratory, field, and in situ research, with each step designed to confirm
the preceding one, as the emphasis shifts from the general to the specific. A
national screening process has been established to examine successively smaller
units of land. A detailed plan for national site characterization and site

selection has been prepared to describe these activities.zo

Potential Host Rocks. The DOE program leading to site selection in 1985 for

the Test and Evaluation Facility, described earlier, is currently considering
salt (both bedded and dome), basalt, and tuff as potential host rocks. Of
these rocks, the level of scientific knowledge is highest for salt. Any

of these rocks can prove to be acceptable for a mined geologic repository;
however, no rock type, on strictly technical grounds, is a first choice at

this time.

Investigations of other potential host rocks, such as granite, anhydrite
unsaturated rocks, and shale and related rocks are being conducted with a
smal ler effort. Additional rock types may be identified through screening
of geologic environments that will be conducted by the DOE and the USGS.
However, for budgetary reasons, granite, anhydrite unsaturated rocks, shale,
and other rock types not yet identified, are not expected to be involved in

the 1985 selection of a site for the Test and Evaluation facility.

Specific LMFBR Radioactive Wastes

Section 4.6 of WASH-1535 discussed facilities and techniques for handling
specific LMFBR wastes (contaminated sodium wastes, plutonium contaminated
wastes and noble gases). These facilities and the environmental impacts

associated with their operation are unchanged.
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Low Level Wastes

Low level wastes from LMFBR program activities will be sent to existing

commercial or DOE burial grounds, as appropriate.
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(4) Health Effects

INTRODUCTION

The purpose of this section is to describe information and uncertainty regarding
the human health effects from plutonium and other transuranic elements released
to the environment during the operation of an LMFBR fuel cycle. This risk is an
unfamilar one, with certain unusual features, and for this reason it is a cause
of public concern and deserves the special attention provided in this section.
Among the unusual features of this risk are the following: (1) large quantities
of radioactive materials will be produced, and their containment will have to be
rigorously insured; (2) radioactive half-lives are long, so that some risk may
persist for over a hundred thousand years; (3) although the toxicity of these
materials is well demonstrated in experimental animals, there is no direct
knowledge of effects in man; and (4) such effects as might conceivably occur

will be indistinguishable from the normal i11s of mankind.

This effort to estimate the health consequences of exposure to plutonium and
other transuranic elements released during operation of the LMFBR fuel cycle
is somewhat modified from that employed in WASH-1535, in 1ight of more recent
developments. However, it still follows the general model portrayed in Figure
5. The model starts with an input of radionuclides, the source term, from the
LMFBR fuel cycle; there has been no reason to change this source term. These
radionuclides are dispersed to air, soil, and water, and then follow along
pathways leading to man. After inhalation or ingestion by man, there is a
distribution to organs of concern, in which the radionuclides decay to produce

a radiation dose.
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TRANSURANIC PATHWAYS
Figure 5




The model of Figure 5 simplifies the real-life processes and, as described
in the caption, is even further simplified in its application by neglecting
certain pathways. Justifications for this simplication, and for the choice of
values assumed in the quantitative application of the model, are summarized in

this Section and supported by more detailed information in Appendix D.

The choice of values for the many parameters involved in the quantitative

application of the model is often difficult. Several changes have been made

from values employed in WASH-1535. Where data are not available to support

the choice of a "most probable" value, estimates have been made that are

clearly "conservative." This approach leads to conservative estimates of 11
transuranic deposition in man, which must be kept in mind in considering the

final results.

The estimation of health consequences, based on the model's prediction of
radionuclide accumulation in the environment and in man, is also an uncertain
procedure because of the total lack of direct experimental data on effects at
these low exposure levels. Recognizing this uncertainty, predictions of risk
have been made, based on comparison of predicted radiation doses in man with
the dose-response data from animal experiments with plutonium, at much higher
dose levels, and with the dose-response data from human exposure to other
sources of radiation, also at much higher dose levels. Risk comparisons
involving fewer extrapolation uncertainties have been made between the pre-
dicted doses due to releases from the LMFBR fuel cycle, and occupational
exposures to plutonium, exposure to particulate plutonium from weapons test
fallout, and exposure to natural background radiation. These comparisons of
health consequences are summarized in this section and considered in greater

detail in Appendix D.
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SOURCE TERM

A release of 0.36 mCi of alpha-emitting transuranic elements is assumed for
each 1000 MWe-year of LMFBR operation (Table 6). The derivation of this
source term is described in detail in WASH-1535. The major fraction of the
release occurs from the fuel reprocessing operation. The release is airborne
and predominantly particulate in nature, with an assumed activity median
aerodynamic diameter (AMAD) of 0.3 ym. Although relatively high releases

may result from an individual accident, such accidents are predicted to occur
so infrequently that they contribute insignificantly to the total source term;
this conclusion is supported by detailed discussion in WASH-1535 (in Appendix
I1.G). WASH-1535 also discusses the source term that might be associated with

deliberate acts of sabotage or of enemy attack.

ENVIRONMENTAL DISPERSAL

For this generic consideration, all of the source term was assumed to be
released to the atmosphere. The initial release to the aqueous system, as

well as all subsequent transfers from air to water or from soil to water, was
ignored. While such a simplification might not be appropriate if one were
concerned with the siting of a specific plant, it seems justified for treatment
of the general case, because of the small fraction initially released to water,
the low solubility of most transuranic compounds, and the great dilution

volume ultimately provided by the world's oceans. Any small risk neglected by
this approach should be more than counterbalanced by the conservative assumption
that terrestrially deposited transuranic elements are not depleted in the

soil, but remain for their total radiological lifetime, fully available for

root-uptake by plants.




Table 6

QUANTITIES OF TRANSURANIC ELEMENTS RELEASED TO THE
ATMOSPHERE PER 1000 MWe-YEAR?

Half Life B-Activity a-Activity Mass
Radionuclide (years) (mCi) (mCi) (ug)
Pu-238 86.4 0.18 10
Pu-239 24,400 0.04 650
Pu-240 6,600 0.05 220
pu-241° 13.2 5,40 48
Am-241° 458 0.01° 3
Cm-242 0.44 0.07 0.02
Cm-244 17.6 L 0.01 0.01
Total 5.4 0.36 930

The quantities enumerated for each radionuclide are estimates of the

routine release from fuel reprocessing operations. Quantities released in
other operations or in accidents make a comparatively insignificant contribu-
tion to the total.

In evaluating health consequences, the B-radiation from Pu-241 is insigni-
ficant compared to the a-radiation from other transuranic elements. However,
the 5.4 mCi of Pu-241 decays to produce an additional 0.16 mCi of Am-241,
which is included as a part of the source term, where appropriate.
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Atmospheric Dispersal: For modeling the dispersal of the source term within

the atmosphere and its deposition from the atmosphere, a single point of
release in the North Central United States was assumed. As described in
WASH-1535, this choice was based on the availability of a model developed

for, and the availability of actual data from, this site. There is a
relatively large population downwind from this site, such that the population
density considered is higher than the average U.S. population density by about
a factor of 10. In the 1ight of this conservatism, it was not considered
necessary to revise WASH-1535 calculations to account for 1980-census changes

or for refinements in our understanding of meteorological processes.

Application of the meteorological model, as detailed in WASH-1535, results

6 of the source term will be

in the prediction that a fraction of 4 x 10
inhaled by the exposed population of the United States before the material
reaches the ground. After reaching the ground, the material may be resuspended,

and it is estimated that an additional fraction of 9 x 10'6

of the activity
released will eventually be inhaled as a consequence of this resuspension,
about one-fourth of this within 2 years following the initial release. A
total fraction of about 1.3 x 10'5 of the source term is therefore predicted
to reach the exposed population via inhalation, half of this during the first
2 years following release and the remainder at later times, extending for the

1ifetime of the radionuclides involved.

This estimate of the total fraction of the source term inhaled by the total
exposed population of the United States is, of course, sensitive to the point
of release; it will be higher for points of release closer to downwind popula-

tion centers and lower for sites located upwind of sparsely populated areas.




It is based upon average meteorological conditions and upon somewhat uncertain
theory, particularly as regards the resuspended fraction. As considered in
Appendix D, a smaller fraction of the fallout plutonium from weapons tests
seems to have been inhaled by man. While the behavior of this fallout pluto-
njum cannot be assumed to exactly match that of the transuranic releases from
LMFBR operations, it does provide a check on the calculations which suggests

that these calculations may overestimate the fraction inhaled.

Terrestrial Dispersal: A simpler model than that employed for atmospheric

dispersal was employed for the transport of transuranic elements via food
chains. In this case the entire source term was assumed to be uniformly
distributed over the surface of the United States, and uniformly dispersed in
the soil to a depth of 20 cm, where it remains for the lifetime of the
radionuclides involved. There is assumed to be no downward movement in the
soil beyond the root zone of plants and no loss due to runoff. This is a very
conservative assumption, since, as discussed in Appendix D, fallout plutonium
from weapons tests has already penetrated to soil depths of greater than 20
cm. The assumption of uniform distribution over the United States will, of
course, underestimate the deposition immediately downwind from the source; and,
if this area is used extensively to produce food crops, may underestimate the
transuranic elements reaching man via food chains. An opposite effect will
occur if the heavier deposition occurs on land unsuitable for agricultural
use. Such uncertainty is inevitable in generic evaluations and would need to

be considered in evaluations of specific sites.

TRANSPORT VIA FOOD CHAINS

Transuranic elements in soil may reach man via a number of food chain routes,
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the more important of which are indicated in Figure 5. O0f these, the most
significant is the direct pathway involving absorption of the radionuclide
from the soil by plants (or external contamination of the plants by soil) and
ingestion of the plants by man. For estimating ingestion by man, it is
assumed that plant-derived food will include transuranic elements at a concen-
tration that is 1 percent (plant wet-weight basis) of the concentration of
these elements in the soil. This is Tower than the 10% concentration assumed
in WASH-1535, but, in 1ight of accumulating data on the uptake of plutonium in

agricultural crops, is still considered a conservative estimate (see Appendix D).

Because of the conservative assumption of permanent plutonium retention within
the root-zone of soil, and 1 percent plant uptake, no attempt was made to
model the finer points of food chain transport to man. It was assumed that
all plant-derived food ingested by man will have a concentration of LMFBR-
released transuranic elements equal to 1 percent of the concentration of

these elements in the top 20 cm of soil. This leads to a total ingestion by
the U.S. population, over the lifetime of the radionuclides involved, of about
10'3 of the released activity. This total quantity ingested will contribute
significantly to human exposure in comparison with the contribution via

inhalation.

METABOLISM AND DOSIMETRY IN MAN

Since the publication of WASH-1535, the International Commission on Radiological
Protection (ICRP) has recommended new models for the behavior of transuranic
elements in man and for the calculation of radiation doses to organs.1 These
new ICRP procedures are employed in this document; the details of their

application are described in Appendix D.
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For the case of inhaled radionuclides, the ICRP Lung Model distinguishes
between various solubility categories; plutonium oxide falls in its least
soluble category (Class Y), other plutonium compounds in an intermediate
solubility category (Class W); all compounds of americium and curium are
considered as Class W. For calculating dose to lTung, the LMFBR plutonium
particles are assumed to fall in the least soluble class, thus maximizing
retention in lung and thoracic lymph nodes, and maximizing radiation dose to
these organs. For calculating dose to other organs, an intermediate solubi-
1ity is assumed for the plutonium particles, which results in more rapid
clearance from lung to blood and somewhat 1arger doses to bone surfaces, red
marrow, liver, and gonads. This insures that dose to a specific organ will
not be underestimated because of uncertainty as to the chemical nature of the
plutonium inhaled. But, since the same material is sometimes assumed to be in
two places at the same time, these assumptions conservatively overestimate the

combined dose to all organs.

For more soluble plutonium compounds, a fraction of 10'4 of ingested plutonium
is assumed by the ICRP to be absorbed from the gastrointestinal tract to blood.
For americium and curium the ICRP absorption fraction is 5 x 10'4. Recent data
from studies in animals suggest that these absorption fractions may be too small
for very low concentrations of transuranics, or transuranics incorporated in

2,3 Thus a conservatively higher absorption fraction of 10'3

organic foodstuffs.
was used for plutonium, americium and curium. Transuranic elements reaching
the blood, whether absorbed from the lung or from the gastrointestinal tract,
are assumed to deposit 45% on bone surfaces and 45% in liver; the transuranics
in bone are retained with a half-time of 100 years and the transuranics in

liver with a half-time of 40 years. A deposition from blood of 0.035% in the

testes and 0.011% in the ovaries, with total retention, is also assumed.




Employing the dose calculation procedures of the ICRP, estimates were made of
the 50-year dose commitment to organs significantly irradiated as a result of
ingestion or inhalation of the calculated fractions of the initial source term
release. These procedures are described in Appendix D. Briefly, they take
account of the physical decay and biological retention of the radionuclide,
including daughter radionuclides where pertinent, and sum the dose over 50
years following initial deposition. The 50-year period was chosen by the ICRP
as a conservative interval of dose accumulation for occupationally exposed
persons. It is less conservative for a member of the general public, who may
be exposed at any age, but will still overestimate total exposure. These dose
estimates for the organs and tissues of critical concern, lung, bone surface,
red marrow, liver, and gonads, are shown in Table 7, expressed in units of organ-
rem. These represent the total cumulative dose equivalent, from transuranic

elements released per 1000 MWe-year* of LMFBR operation.

ESTIMATES OF HEALTH EFFECTS

The various estimates of exposure to transuranic elements released from the
LMFBR fuel cycle are summarized in Table 7. Relating these estimates of
exposure to health effects must necessarily be done indirectly, since there
have been no observed 1ife-threatening effects in man that can be uniquely
related to transuranic exposure. The relationship must also be quite uncer-
tain, since the estimated levels of exposure are far lower than can be studied
experimentally, and because no principles, mechanisms, or established models
exist to support the prediction of radiation effects at such levels. A number
of comparisons can be made, however, which give an indication of the possible
magnitude of effects.

* Equivalent to a 1000 MWe LMFBR power plant (and supporting fuel cycle)
operating for a year at an 80% capacity factor.
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Table 7

SUMMARY OF PRINCIPAL MODEL ASSUMPTIONS AND PREDICTIONS
(per 1000 MWe-YEAR)

Transuranics Released to Air (Ci) 0.36 x 1073
Initial Transuranic Concentration in Soil 1 X 10722
(Ci/g - all in top 20 cm)
Initial Transuranic Concentration in Food (Ci/g) 1 x 10724
Transuranics Ingested by U.S. Population (C1) 4 x 1077
Absorbed from G.I. Tract (Ci) 4 x 10710
Transuranics Inhaled by U.S. Population
Directly Inhaled (Ci) 1.4 x 107
Inhaled After Resuspension
During First 2 Years (Ci) 0.8 x 1072
After First 2 Years (Ci) 2.5 x 1077
Total Inhaled (Ci) 5 x 1072

Radiation Dose to U.S. Population from Transuranics

To Lung (organ-rem) 9

To Bone Surface (organ-rem) 86

To Red Marrow (organ-rem) 7

To Liver (organ-rem) 18

To Gonads (organ-rem) 1.1
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Comparison With Current Levels of Exposure to Alpha-Emitters: Table 8 compares

the exposure estimated to result per 1000 MWe-year of LMFBR operation with
various measures of exposure from (1) natural background radiation, (2)
naturally occurring alpha-emitting radionuclides, (3) fallout plutonium
present in our environment as a result of nuclear weapons tests, and (4) human
plutonium depositions resulting from occupational exposures. The data of

Table 8 are considered in greater detail in Appendix D.

The numbers in Table 8 afford many interesting comparisons. The most extensive

comparisons are those which can be made with the fallout plutonium from

weapons tests. The amount of fallout plutonium exceeds by a factor of about

50 million the estimated LMFBR release per 1000 MWe-year; 1000 LMFBR's each
rated at 1000 MWe and operating for 50 years would release only 1/1000 of the

plutonium deposited from past weapons tests. The measured concentration of

fallout plutonium in plant-derived foods is 400,000 times the estimated

initial contamination of such foods per 1000 MWe-year of LMFBR operation. The

estimated dose equivalent to a single generation from fallout is a million

times greater than the dose equivalent to all future generations from a 1000

MWe-year of LMFBR operation.

Radiation doses from the naturally occurring alpha-emitting radionuclides

dwarf those from either fallout plutonium or estimated LMFBR releases. The

distribution of this natural dose in bone and lung may not be exactly comparable
to that from the transuranic elements. However, the differences are so large

that this factor becomes relatively unimportant. It should be noted also that

the doses shown for naturally occurring radiation sources are doses calculated

for a single generation, while the LMFBR doses are distributed over many

generations.
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Table 8

COMPARISON OF ESTIMATED EXPOSURES FROM LMFBR TRANSURANIC ELEMENT
RELEASES WITH EXPOSURES FROM OTHER SOURCES

1000 MWe- Fallout
Year of Plutonium Plutonium Naturally Total
LMFBR Exposeda from Weagons Occurring Natural |
Units Operations Workers Tests o-Emitters Radiation
|
Total Released to Air 1073 ¢i 0.36 16 x 10°
Concentration in Soil 10022 cizg 1 4 x 10
Concentration in Plant- 10'24 Ci/g 1 4 x 106
Derived Food
. Total Inhaled by U.S. 1078 ¢i 0.5 -- 8 x 10°
ot Population
Total Retained in U.S. 1078 i - 500 6 x 10*
Population
Dose Equiva]eBt to U.S.
Population
6 9 9
Lung organ-rem 9 17 x 106 9 «x 109 11 «x 109
Bone Surface organ-rem 86 88 x 106 2 X 109 3.2 x 109
Red Marrow organ-rem 7 7 x 106 0.5 x 10 1.8 x 10
Liver organ-rem 18 19 x 106 9 9
Gonads organ-rem 1 1 x 10 0.3 x 10 1.3 x 10

@ Numbers derived in Appendix D.

b Dose equivalent from LMFBR release is a 50-year dose commitment to a constant U.S. population exposed
for all time.
Dose equivalent from natural radiation is calculated for a 70-year exposure of U.S. population.
Dose equivalent from fallout plutonium is a 50-year dose commitment to the U.S. population from
exposure during the period 1954-1975.




It is of interest that the estimated total amount of plutonium deposited in a
few thousand plutonium workers is 1000 times the estimated deposition that
would result from 1000 MWe-year of LMFBR operation. These workers were
exposed, mostly via inhalation, to forms of plutonium that may closely simulate
the LMFBR release. Thus far, no effects attributable to the plutonium depo-

sition have been seen in these people.

The comparisons of Table 8 provide no measure of the absolute risk of health
effects from transuranic releases from the LMFBR fuel cycle. They indicate,
however, that such effects will be small compared to whatever effects may
result from fallout plutonium. They also suggest that any effects from LMFBR
releases (or from fallout plutonium) would be totally obscured by the much
larger incidence of effects to be expected from natural background radiation,

if, indeed, any effects are to be expected from any of these sources.

Comparison With Animal Toxicity Studies: Direct information on the toxicity

of transuranic elements is available only from studies in experimental animals.
The radiobiological 1iterature suggests that the biological effects observed

in such animal experiments will approximate those that would occur in man
exposed under the same conditions. For this reason, it is justifiable to look
to the results from extensive animal experimentation for guidance in estimating
the health risks from exposure to transuranic elements. These studies suggest
that bone and lung cancers are the most important effects of exposure to the
lowest levels of transuranic elements thus far studied. Despite the relatively
high radiation doses to pulmonary lymph nodes, there is no indication from
animal studies of significant tumor production in the lymphatic system. For

this reason we have followed the practice of the ICRP and included pulmonary

lymph node deposits as part of the lung deposit for dose ca1cu1at1‘ons.1




The exposure levels employed in animal studies are necessarily very much
higher than the estimated exposures from LMFBR releases. One is also aware
that extrapolation of animal results to man is uncertain under any conditions.
Estimates have nevertheless been made, based on these animal studies, relating
cancer risk to radiation dose. The range of these estimates is given in

Table 9; a more detailed consideration of their origin will be found in
Appendix D. The reasonable agreement among cancer risk estimates from the
extensive animal data, and the 1imited and indirect data from human exposures
to other alpha-emitters, strengthens our confidence in the general magnitude

of the estimates.

Comparison With Human Cancer Risk Data: The human cancer risk data employed

in WASH-1535 was that gathered by the National Academy of Sciences -- National
Research Council Advisory Committee on the Biological Effects of Ionizing
Radiations, and published in 1972 (BEIR I).4 Since then, a revised assessment
of the human data has been published by the successor to this Committee (BEIR
III),5 and other estimates of dose-effect relationships have appeared from

6,7 The more significant of these risk estimates, as

other authoritative sources.
they apply to transuranium element exposure, are summarized in Table 9, and
are discussed at greater length in Appendix D. Also listed in Table 9 are the
conservatively chosen cancer risk estimates employed in this document. Some
confidence in these numbers may be engendered by the extent of agreement
between the estimates from various groups. It must be remembered, however,
that all of the groups had access to the same data, which was limited to
exposures at relatively high dose levels, and the extent of agreement largely

reflects the necessity of making the same kinds of assumptions in the extrapo-

lations required.




Table 9

SUMMARIZED RISK ESTIMATES FOR EXPOSURE TO TRANSURANICS EXPRESSED
AS EXCESS CANCER DEATHS OR MAJOR GENETIC DEFECTS

Per 106 organ-rema

Source of Risk Estimates

Animal
Organ Studies BEIR III ICRP UNSCEAR
Lung 1-80 - 20 25-50
Bone Surface 0.5-10 1.4 5 2-5
Red Marrow 23 20 15-25
N
8 Liver 15
Gonads (for number of 15-225 (1) 300 (2) 189 (1)
generations indicated) 180-3300 (al1) 600 (all) 555 (al11)

Chosen for
Use in This

Documents

35

5
25
15

1,000 (al1)

@ The derivation of these risk estimates is discussed in Appendix D.




Comparison With Genetic Risk Data: The BEIR Committee,5 the United Nations

6 7

Scientific Committee on the Effects of Atomic Radiation (UNSCEAR),~ and ICRP
have published recent estimates of the risk of serious genetic defects. These

risk estimates were all derived from data obtained with Tow-LET radiation exposures,
and in accord with BEIR-III recommendations, have been multiplied by a factor of

three for this application to high-LET alpha-radiation. These adjusted risk esti-

mates are summarized in Table 9 and are discussed at greater length in Appendix D.

LMFBR Estimated Health Effects: The estimates of organ dose to the U.S.

population per 1000 MWe-year of LMFBR operation, taken from Table 7, and the
cancer and genetic risk estimates taken from Table 9, are combined in Table 10
to produce estimates of excess cancer deaths and serious genetic effects
attributable to a 1000 MWe LMFBR operating for 1 year, and occurring over the
lifetime of the released radionuclides. The estimates for total cancers and
genetic effects, being very much smaller than 1, must be thought of as a
probability of occurrence. Thus, there is an estimated probability of about
one chance in one-thousand that a cancer death will result, and a somewhat
smaller probability of a serious genetic defect. For example, an electrical
generating system employing 1000 LMFBR's, each of 1000 MWe rated capacity,
would be estimated to cause about one cancer death for each year of operation

and about one serious genetic defect for each 2 years of operation.

DISCUSSION OF UNCERTAINTIES IN HEALTH EFFECTS ESTIMATES

In arriving at the estimates of health effects just presented, it was necessary
to make many simplifying assumptions. While these assumptions have been
designed to err in the direction of overestimating effects, it is important to
the understanding of these estimates to have some feeling for the magnitude of
the uncertainties involved. The more critical of these uncertainties are

considered in the following discussion and in greater detail in Appendix D.
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Table 10

ESTIMATE OF HEALTH EFFECTS FROM TRANSURANIC RELEASES
Per 1000 MWe-Year

. Estimatgda Risk Facgorb
Irradiated PQpulation (per 10 Estimated Excess .
Organ Dose (organ-rem) organ-rem) Cancer Deaths Genetic Effects”
Lung 9 35 0.00032
Bone Surface 86 5 0.00043
S Red Marrow 7 25 0.00018
Liver 18 15 0.00027
Gonads 1.1 1,000 0.0006
Totals 0.00012 0.0006

S From Table 2.
From Table 4.
The number of genetic effects was reduced by a factor of 2 to account for wasted radiation received

beyond the average age of conception.
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Problems of Averaging Activity and Dose: Throughout this document calculations

have been made as though the radionuclide release was infinitely divisible,
whereas, in fact, it is composed of particles with an assumed AMAD of 0.3 um.
These particles are not of a single diameter, but exhibit a distribution of
sizes and shapes. There is no way of predicting particle sizes or composi-
tion. In fact, the particles originally released may contain uranium or other
diluting material. Therefore, it would be unreasonable to attempt to employ

a "particle model" for distribution of the source term beyond the initial

atmospheric phase.

I[f the transuranic elements entering soils as particles remain in this form,
transuranic availability would be diminished compared to the case where the
particles are subdivided and dissolved by physical and chemical weathering
processes. On the basis of present information, it is not possible to quantify
the extent of particle subdivision and chemical dissolution which will occur

as a function of the time periods of concern. It would appear likely, however,
that entrance into the soil as an oxide particle would have the effect of
reducing, at least initially, transuranic availability to plants below the

levels assumed in this document.

Of greater interest are the possible consequences of inhaled particles. Is the
intense radiation dose to tissue surrounding a particle more hazardous than the
dose from the same quantity of radiation dispersed more uniformly throughout

the Tung? This question, the so-called "hot particle problem", has been
addressed by several specially appointed groups and international bodies.7’8’9’10
As referenced in greater detail in Appendix D, these groups have found neither 11
theoretical nor experimental grounds for confirming the extreme toxicity attributed

to "hot particles" by Tamplin and Cochran.11 The possibility of enhanced effects

from particulate irradiation of specific tissue regions cannot be excluded, but
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uniform exposure to total organs would generally be predicted to be more
hazardous than exposure to "hot particles." The lack of any unusual incidence

of health effects in workers that have inhaled plutonium (usually in particulate
form) also argues against any surprisingly large hazard due to these particles.12
The use of an average lung dose in the estimation of health risks is therefore

considered an appropriate procedure, which is not expected to underestimate risks.

PROBLEMS OF AVERAGING PEOPLE

Consideration of the number of particles available for inhalation, the fact
that these particles will be released from a small number of fuel reprocessing
plants, plus the fact that most of the direct inhalation of particles will
occur within 50 miles of the release, combine to insure that LMFBR-derived
transuranic element concentrations in the lungs of different people would

be expected to vary widely. Whether this fact alters the acceptability of

the very small total risk of health effects is a question pertinent, primarily,

to decisions concerning the siting of individual fuel reprocessing plants.

Another type of people-averaging is implicit in the lack of separate considera-
tion of the fetus, infant, or child. Data bearing on this problem are
considered in WASH-1535, and it is concluded that risks to the very young

are adequately covered by adult criteria.

PROBLEMS OF AVERAGING TIME

Estimates of health effects have been noted, as in Table 10, without regard to
their distribution in time. It is important to have an estimate of the total
effect over the lifetime of the radionuclides involved, but it is also important
to know how these effects are distributed in time. About one-third of the
estimated cancer deaths would be expected to occur to the generations alive

during LMFBR operations. About one-third of the genetic effects would be
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expected to occur by the end of the first generation following LMFBR operation.
The remaining two-thirds of the estimated health effects would be spread over
subsequent generations, at a much diminished rate, decreasing with radioactive
decay. Because of the greater conservatism reflected in the long-term aspects
of the model, it is probable that considerably more than the predicted one-
third of the total nongenetic effects will be evidenced in generations exposed

directly to LMFBR releases.

Uncertainties in Environment Dispersal, Transport, and Metabolic Model

Parameters: Thirty percent of the estimated inhalation of transuranics by

man occurs during the primary phase of atmospheric dispersion (Table 7). The
assumptions involved in estimating this initial inhalation will principally
affect the pattern of dispersion. Since the areas downwind from the reference
release site are rather uniformly populous, the quantity ultimately inhaled is
relatively insensitive to these assumptions. It is therefore felt that the
total quantity inhaled from the dispersed plume by the exposed U.S. population
is a reasonable estimate for the site selected, but might vary over a 10-fold
range depending upon the exact location of the release site with respect to
population centers. This is primarily a matter to be evaluated in specific
plant siting. The remaining 70% of the total estimated inhalation occurs as a
result of resuspension, and is probably a substantial overestimate, since it

assumes no loss of availability subsequent to an initial 2-year weathering.

The fraction of the LMFBR release that is estimated to be inhaled by the
exposed U.S. population is about 30 times larger than the measured fraction of
fallout plutonium inhaled (Table 8). It is reasonable that the LMFBR estimate
should be larger, because of the higher population density of the heavy
dispersal area for the LMFBR release, as compared to the U.S. average; and

because the long-term inhalation of resuspended material is not reflected in




the 20-year experience with fallout plutonium. These factors might not

explain the total discrepancy; however, the agreement seems reasonably good.

About 0.1% of the LMFBR release is estimated to be ultimately ingested by the
U.S. population (Appendix D). This value results from a combination of
conservative assumptions necessitated by the absence of pertinent data. Thus,
it is assumed that the transuranic elements remain available for root uptake
or resuspension, in the upper 20 cm of the soil, for their lifetime; no sink
is provided. It is further assumed that plant-derived food will contain a
transuranic element concentration equal to 1% of the concentration of these
elements in soil. This level of accumulation is about 10 times higher than
that measured for fallout plutonium or americium.13 The models employed
indicate that cumulative organ radiation doses, over all time, from ingested
transuranics are comparable to those from inhaled transuranics; the dose from
inhaled transuranics will, however, predominate during the period of direct
exposure to LMFBR releases, for which period the model parameters are most
certain. For the case of gastrointestinal absorption, a higher absorption
fraction was chosen than that recommended by the ICRP, in light of recent

experimental resu]ts.z’3

With regard to the assumed absorption and distribution of the transuranic
elements in man, the parameters employed in ICRP models are, in general, "best
estimate" models. Some conservatism results from the duplication of exposure
involved in maximizing both retention in, and movement from, the lung, and
from the practice of assuming a 50-year period for accumulation of dose,

regardless of age at deposition. These are minor factors, however, compared

to those involved in the dispersal and transport models.




Uncertainties in Dose-Effect Extrapolations: A major uncertainty is that

involved in translating estimates of dose to estimates of specific health
effects. Without doubt, the most valid approach involves those comparisons
which avoid the uncertainties of extrapolation to exposure levels far lower
than can be experimentally studied. Thus, the most convincing comparisons are
those in Table 8, which contrast the Tow levels of predicted LMFBR releases
with the much higher levels of plutonium deposited in the U.S. from weapons
tests; and with the even higher levels of naturally occurring alpha-emitters

present in the exposed population.

The effort to place absolute numbers on specific risks must be looked upon as
an exercise lending qualitative support to the conclusions implicit in Table 8.
The numbers of cancers and genetic defects 1isted in Table 10 have no precise
quantitative significance. They are based upon conservative estimates of
exposure. Whether the actual risk approaches these numbers, or is zero, can

in no way be inferred from our present knowledge.
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B. Environmental Impacts of Alternative Long-Term Technologies

Some qualitative comparisons* are possible for magnetic fusionl’z, wind

3’4, solar photovoltaic conversions’s, solar thermal

energy conversion
. 71,8 . 9,10 . -

conversion >~ , and ocean thermal conversion , using existing DOE

Environmental Development Plans, Environmental Readiness Documents and related

information.ll’12

Comparative quantitative analyses of alternative long-term technologies are
difficult due to differences in types of impacts. However, all long-term
technologies require land for generating facilities, transmission lines, etc.
It would be expected that land use for the LMFBR and supporting fuel cycle
would be roughly comparable to land use associated with magnetic and inertial
fusion and wind energy conversion systems (on a unit electrical generation
basis). However, land use for solar photovoltaic and solar thermal systems
would be expected to be considerably greater, due to the large areas required
for solar collectors. On the other hand, land area requirements for ocean
thermal energy conversion systems would be expected to be considerably smaller,
since only shore support facilities are required. Examples of comparable
environmental impacts are given in the Table 11. These estimates, except for
the LMFBR figures (taken from WASH-1535), are quite rough and subject to
revision as additional information on alternative long-term technologies is

obtained. Water use is seen to vary greatly.**

*Previous initial sentence deleted.
**Next-to-last sentence in this paragraph deleted.
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Table 11
RELATIVE ENVIRONMENTAL IMPACTS*

Land Use Water Use Construction
Materials**
Technology (acres) (ft?xr) (MT per GWe)
LMFBR
fuel cycle 30*% 9
plant site 400 “3 x 10 35,000 (steel)
transmission 1ines 1,050 (cooling towers) 730 (copper)
total 1,480
Magnetic Fusion 9
plant sites 400 ~3 x 10 50,000 (steel)
transmission lines 500 (cooling towers) 2,000 (copper)
total 900
Wind Energy
Conversion Systems
plant sites ~1,500 300,000 (steel)
transmission lines 500 —— 13,000 (copper)
total 2,000
Solar Photovoltaic
plant sites ~7,000 Not available
transmission lines *1,000 ———-
total 8,000
Solar Thermal 7
plant sites 20,000 “3 x 10 ~1,000,000 (steel)
transmission lines ~1,000 20,000 (copper)
total 21,000
Ocean Thermal 12
plant sites (onshore) 50 4 x 10 200,000 (steel)
transmission lines 200 (sea water) 20,000 (copper)

total 250

*Per 1000 MWe equivalent plant capacity.
**Generating facilities only.




Most other environmental impacts are different in kind and thus cannot be
compared on the same basis. The major LMFBR environmental concerns--reactor
safety, radioactive waste management, and health effects of radioactivity
releases--are shared only by the fusion energy systems with the D-T cycle.
Even here, there are likely to be significant quantitative differences
between LMFBR and fusion energy systems. The major environmental issues

for the wind energy conversion systems are 1ikely to be safety (blade and/or
tower failure), electromagnetic interference (TV and microwave), noise and

aesthetics.

Environmental concerns associated with the development and deployment of
photovoltaic systems have been identified in the following subject areas:

0 Release of toxic gases during system operation or malfunctions;

o Inhalation of toxic gases and dusts by industry workers; and

0 Solid waste disposal and effects of gases released during material

mining, manufacture, and disposal.

Environmental concerns, other than land use, associated with solar thermal
power systems are likely to be:

o Handling and disposal of system fluids and wastes;

0 Heliostat reflections;

0 Ecological effects of the heliostat field; and

o Potential microclimate alterations.

Environmental concerns associated with ocean thermal energy systems are
expected to be:

o Ocean water mixing (alteration of water temperatures);

0 Metallic discharges (toxic metals released from heat exchangers due
to erosion and corrosion);




o Effects of biocides;
o Working fluid (ammonia) leaks; and

0 Potential climatological impacts.

The following material covers the environmental impacts of magnetic fusion
powerplants, a situation where additional comparative information can be
provided. There would be a wide range of uncertainty in the information,

as discussed.

A general summary of the environmental impacts which would be anticipated

as a result of the development and operation of fusion reactors has been
presented in Section 6A.1.6.6 of WASH-1535. The purpose of the material
contained in this supplement is to update, where appropriate, the discussions

contained in that document.

Magnetic fusion powerplants would require several sets of very powerful
magnets operating on or near the reactor vessel to confine the plasma in
which the fusion reaction would occur. While the magnetic fields produced by
these magnets would be concentrated inside the reactor vessel, significant
magnetic fields would also exigt outside of the vessel. These "outside"
magnetic fields would have the potential to extend for substantial distances
(several hundred meters) beyond the vessel before their intensity would be
reducedAto the earth's natural magnetic field strength (0.5 gauss). Although
workers in certain areas of a fusion plant could be exposed to magnetic
fields of several hundred gauss if shielding or other preventive measures are

not used, exposure to the general population offsite would be negligible and

potentially totally mitigatable by plant siting.




While the mechanisms of interaction that relate magnet field strength, field

direction, field variability, and exposure time to effects on living organisms
are not well known or well understood, research conducted by DOE since WASH-
1535 was published have failed to identify any potentially harmful biological
effects. Some earlier work had suggested potential effects may include long-
term physiological problems, e.g., headaches and disorientation in humans and

interference with migratory orientation in birds and insects.

Microwave (radio frequency) sources for supplemental plasma heating may be
used in fusion powerplants. While microwaves are known to produce serious
health effects in humans, control technology and effective shielding are
readily available. Consequently, no major effects on humans from microwaves

would be expected.

The most serious waste problems, especially with regard to public perception
of hazard, would involve radioactive material. In addition, nonradioactive
waste generated during fusion powerplant operation would require safe

handling and disposal techniques.

While fusion reactors offer a potential for producing small amounts of the
less long-lived radioactive wastes, a number of radioactive waste streams
will exist. Among these are tritium, gaseous activation products generated
in the plasma chamber, activation products produced in the structure that
dissolve into the cooling system, activation products produced in the atmos-
phere within the confinement structure, and the activation products that

remain trapped in the solid structure.

Tritium, present in the gaseous form in the plasma exhaust and in the purge

gas used to collect tritium from the breeding blanket, would be relatively
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easy to recover from these gas streams for reprocessing as fuel. However,
since tritium permeates through most metals readily, special procedures (e.g.,
low-permeability cladding on piping, double containment on process lines (plus
the barrier of the building itself), and maintenance of negative pressure in

all processing rooms) would be required to minimize losses.

For the systems utilizing a steam cycle, any tritium that diffused from the
blanket system would interact with water in the steam cycle to form tritiated
water (HTO) and would require isotope separation processes for recovery. The
problems associated with maintenance and operation of steam cycles in fusion
plants are expected to be identical with those encountered in present conven-
tional steam-electric generating systems. The potential presence of HTO in
the steam cycle is a factor that will require evaluation of the applicability
of current steam cycle design, maintenance, and operational practices to

fusion plants.

During the operation of a fusion powerplant, materials used in the construction
of the machine would become activated through bombardment with the radioactive
particles (neutrons) produced in primary nuclear reactions. The public hazard
from this source depends on the total inventory of induced radioactivity and
the potential for its volatilization and release outside the containment
building. The inventory, in turn, depends on the construction materials used
and, to somé extent, the specific design of systems close to the reacting

plasma.

Estimates based on reference designs of fusion machines indicate an operating
inventory of radioactivity (including tritium) ranging from roughly equivalent
to that for a comparable fission reactor (LMFBR or LWR) to many orders of

magnitude less, depending on materials and design.
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Activation of the atmosphere in the reactor building also could be an issue of
concern. A number of radioactive isotopes having relatively short half-lives
(tens of minutes), are produced by neutron bombardment of the constituents of
air. These isotopes include argon 41 (41Ar), carbon 11 (llc), oxygen 15 (150),
nitrogen 16 (16N), and nitrogen 13 (13N). The residual radioactivity from
these isotopes after reactor shutdown is a consideration for on-site workers

and removal of the isotopes from the reactor building atmosphere is possible.

The effects on public health and safety of release of part of the radioactive
inventory depends on many details of the release conditions, including; portion
released, chemical and physical form of compounds, population density and
location, time between shutdown and release, warning time, energy of release,
height of release, duration of release, and weather conditions at a specific

site.

Depending on material selection, much of the radioactive material may be
recyclable, and some of it is of relatively low activity. The primary source
of higher level waste is the structural material used in the first wall and
blanket. The average annual discharge rate per reactor of this material
would range from being comparable to that expected from a typical fission
breeder reactor to being several orders of magnitude less, depending on

materials and design.

Several nonradioactive products may have to be disposed of either routinely or
infrequently. Major materials may include 1ithium or 1ithium components, 1ead
used as shielding and/or a neutron multiplier for breeding tritium, detergents
for laundry and decontamination, and a large range of possible alloy materials

including beryllium, nickel, bismuth, manganese, molybdenum, and chromium.
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Lithium is routinely used in industry, and there is a long history of its
mining, refining, and processing. Environmental quality standards have been
defined, and adequate technology is available to permit design of waste treat-
ment systems that assure compliance with applicable air and water quality
regulations. The toxicity of lead is understood. Industrial controls for
hand1ing lead and lead compounds are adequate for control of the hazards

from the lead used in magnetic fusion reactors. Nickel, bismuth, manganese,
molybdenum, and chromium exhibit varying degrees of toxicity depending on type
of contact, concentration, and the population at risk. The major potential
environmental impacts from the use of these toxic metals will probably result
from the mining, processing, fabrication, and methods by which they might
ultimately be disposed of and would be identical for any powerplant using

structural metals with these alloy materials.

Wind Energy Conversion Systems

WASH-1535 discussed land use and aesthetic impacts of wide scale use of wind
energy systems, as well as concerns about weather modification. While the
overall impacts of wind energy systems are relatively minor, additional
concerns have also been identified in the areas of safety, electromagnetic

. .1
interference, and noise. 3

As with any type of large, moving machinery, there are several safety concerns
associated with wind devices. The first of these is the danger associated
with structural failures of the tower, rotor, or generator. These dangers
could threaten both onsite personnel and nearby residents. However, system
design features have been developed to minimize the occurrence of structural

failures such as tower collapse, blade throw, and blade-tip throw. Another
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potential hazard associated with wind devices located in northern climates

is that of ice loading and throw.

Another aspect of the safety problem is the potential occupational hazards
to electric utility personnel when large or small-scale devices are inter-
connected with the utility network. Additional controls and disconnects are
necessary to isolate a lineman, working on an otherwise dead 1ine, from the

shock potential of a local wind-powered generator that was still operating.

Although the tallest wind systems will not pose a hazard to aircraft in normal
flight, potential interference could occur from systems located near airports
or on terrain such as high hills or mountains where existing hazard potential
would be enhanced. Federal Aviation Administration Regulations already
govern structures in flight areas, and recommend safety lighting and marking

procedures, which would mitigate potentially hazardous conditions.

A potential problem around large-scale wind generator sites is electromagnetic
interference, particularly with television. The prime cause of this problem
is the reflection of signals from the rotating metal blades. This amplitude-
modulated interference affects only the picture (television sound is frequency
modulated). Under certain conditions, large devices can cause severe picture
bars, snow, and ghosts at distances up to 5 miles. Interference can be
reduced by constructing blades of nonmetallic materials and mitigated through

proper site selection.

Some noise has been reported from almost all wind generators, particularly
the "swishing" noise associated with the rotor blade tips. Research groups

currently investigating noises associated with experimental machines have




linked them to site specific problems related to tower design, blade

configuration, and mode of operation.13

Photovoltaic

A number of potential impacts of photovoltaic systems are noted in WASH-1535
(including 1and requirements, and impacts on ecosystems, microclimate, and
aesthetics). More recently, concerns have been identified about outgassing of
toxic gases in the event of overheating or fire, and about production worker
exposure and waste disposal in connection with advanced photovoltaic materials

- . . . . 5
containing cadmium, copper, arsenic, gallium, or other toxic substances.1

A salient feature of the photovoltaic technologies is the relative absence of
hazardous residuals at the end use. However, the collector and storage sub-
systems can present some health and safety problems in the case of accidents

or where collectors are exposed to extraneous fires.

Mining and cell manufacturing present more severe environmental problems, but
the materials used are mostly byproducts of existing mining and extracting
operations, which should 1imit the additional exposure from these sources. The
potential exists for a variety of chemical and thermal releases during manu-
facturing, dependent upon the type of cell manufactured and the effectiveness
of environmental control technology. Occupational concerns will become more
significant as new photovoltaic cells using arsenic, cadmium, or other

hazardous substances reach production scale.

Silicon cells are themselves believed to be inert, but polymeric concentrating
materials (e.g., methyl methacrylate used in Fresnel lenses) are highly flam-

mable. O0ff-gases and combustion products from these materials have not been

222




characterized. Fires involving gallium arsenide cells may cause vaporization

of the arsenic followed by oxidation to the highly toxic trioxide (A5203).

These issues require ongoing research and mitigation efforts. Overall,
however, photovoltaic technology appears to face only moderate environmental

constraints.5

Satellite photovoltaic systems have been studied extensively since WASH-1535
was issued, and are not considered a viable alternative at this time. Major

questions relating to microwave exposure remain to be answered.

Solar Thermal

Potential impacts of solar thermal electric power systems are discussed

in WASH-1535, including land use impacts, microclimate alterations, and
ecological impacts. Additional areas of concern include the handling and
disposal of system fluids and wastes (touched on in WASH-1535) and impacts

from misdirected solar radiation.

Accidental or emergency release or flushing of working and storage fluids

such as liquid sodium, sodium hydroxide, hydrocarbon oils, and eutectic

salts composed of sodium or potassium nitrates/nitrites could cause fires

and explosions, contaminate drinking water supplies, increase soil salinity,
impact terrestrial and aquatic communities, and reduce the effectiveness of
sewage treatment systems. Resolution of these issues is important so that
serious safety and pollution problems can be avoided during operation of solar

thermal systems.

Heliostat reflections have the potential to cause severe burns, eye injury,

and fires, as well as to create dangerous conditions for nearby ground and
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air traffic during all phases of heliostat fabrication and use. Because
numerous heliostats may be used in solar thermal power systems (both central
and dispersed), it is important to address and resolve this issue to ensure
that safe procedures are used during heliostat manufacture and installation
and that any necessary control strategies are incorporated into system design

and operation procedures.14

It is believed that these potential impacts can be adequately controlled, and

that solar thermal technology faces minimal environmental constraints.15

OTEC

Ocean thermal energy conversion (OTEC) technologies have been further studied
since the issuance of WASH-1535. Major environmental concerns include ocean
water mixing (alteration of water temperatures), metallic discharges (toxic
metals released from heat exchangers due to erosion and corrosion), effects

of biocides used to prevent fouling of pipes and heat exchange surfaces, 1eaks
of working fluids such as ammonia, potential climatological impacts, and the

impingement or entrainment of organisms.
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U.S. Department of Energy by Battelle Memorial Institute. He has been
associated with that laboratory for over 30 years and conducted his first
studies with plutonium at the University of Chicago in 1944. Dr. Thompson's
research has dealt with the metabolism and biological effects of internally
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X. APPENDICES
Appendix A
ASSESSMENT OF U.S. URANIUM RESOURCES

1. The National Uranium Resource Evaluation (NURE) Program

ERDA-1535 discussed the NURE Program, started in 1974, for comprehensively
assessing the uranium resources in the United States. The program was

designed to enhance the data pertaining to uranium deposits in order to

improve uranium resource assessment and to reduce the uncertainties in esti-
mates of the resources. A tremendous amount of information was developed

by the NURE program. The program was terminated at the end of FY 1981, although
much of the information developed during the program will be evaluated over the
next two years. DOE will continue to develop reliable and timely estimates of
U.S. uranium resources by using the data from NURE and commercially confidential

data supplied voluntarily by industry.

Of the 621 2-degree National Topographic Map Series quadrangles in the con-
terminous U.S. and Alaska, 162 entire quadrangles were fully evaluated and
assessed by the NURE program through the end of FY 1981. These quadrangles
contain all uranium resources in the reserves and probable classes as well as

other geologic environments favorable for uranium deposits.

NURE aerial radiometric and magnetic surveys covered over 3.4 million square
miles involving 1.2 million flight-line miles of data acquisition. This
included all of the conterminous U.S. and two-thirds of Alaska. Over seven
hundred thousand geochemical samples of stream sediments and surface and
ground waters, covering more than 1.8 million square miles, were collected.
This included two-thirds of the conterminous U.S. and four-fifths of Alaska.

More than 450,000 feet were drilled and cored in 23 project areas which provided
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subsurface information in specific favorable uranium environments. Moreover,
about 2.2 million feet of gross-gamma and spectral-gamma logging was performed.
In addition, about 1.7 million feet of gamma-ray logging was performed to gain
additional subsurface data on non-uranium industry holes drilled for water,

petroleum and mineral commodities other than uranium.

2. Latest Assessment of U.S. Uranium Resources

In October 1980, the most comprehensive assessment to date of U.S. uranium
resources was issued in GJO-111(80), "An Assessment Report on Uranium in the
United States of America." An improved method for the estimation of potential
resources was developed and utilized for the first time in this report, which
also provided estimated confidence levels. Table A-1 provides updated reserve

data as of January 1, 1981, and other resources data as of October 1, 1980.

A substantial amount of the above-mentioned NURE data was developed since
GJO-111(80) was issued. Al1 of the data will be analyzed together with the
voluntarily supplied industry data, and a major assessment report on the U.S.

uranium resources will be issued by the end of 1983.

3. Comparison of Uranium Resource Estimates

Table A-2 provides an approximate comparison of the current U.S. uranium
resource estimates with those presented in ERDA-1535. The average ore grade

of 0.19 percent U308 for the $10-per-pound-U308 ERDA-1535 estimate is

about the same as the average grade for current $30-per-pound-U308 estimates,

a reflection of increased costs. At this grade, the current reserve and poten-
tial resources, all classes combined, total 2,012,000 tons U308’ about

1.5 times the ERDA-1535 level of 1,320,000 tons at the same grade. Similarly,

the $15-per-pound-U308 estimate of 2,040,000 tons has increased by about




1.6 times to 3,336,000 tons for essentially the same grade; however, this
amount is now in the $50-per-pound-U308 cost category, again because of
increased costs. Likewise, the $30—per-pound-U308 estimate has increased

by about 1.4 times to 4,815,000 tons for nearly the same grade, but because of

increased costs this amount is in the $100-per-pound-U308 cost category.

4. Use of Imported Uranium

Beginning in 1977, U.S. utilities were permitted to use imported uranium in

their power reactors.l

In that year, 10 percent foreign uranium could be used,
which increased to 15 percent in 1978, 20 percent in 1979, 30 percent in 1980,
and 40 percent in 1981, and which will increase to 60 percent in 1982, 80 per-
cent in 1983, and finally no 1imit in 1984 and thereafter. However, the actual
use of foreign uranium in domestic power reactors has been lTow. In over 4 1/2
years of actual experience, only 7.2 percent foreign uranium has been used,
compared with an allowable weighted average of 21.0 percent. Based on market
surveys, the future use of imported uranium should remain lTow as domestic util-

jties continue their preference for U.S. uranium.2’3




TABLE A-1

U.S. URANIUM RESOURCESL/
RESERVES AS OF JANUARY 1, 1981
OTHER RESOURCES AS OF OCTOBER 1, 1980

Short Tons U308
Probability Distribution Values

Cost Category 95th Percenti]eg/ Mean 5th Percenti1eg/
$30/pound U
Reserves 421,000 470,000 528,000
Probable 659,000 885,000 1,161,000
Possible 194,000 346,000 530,000
Speculative 155,000 311,000 600,000
1,562,000+ 2,012,000 7,568,000~/
$50/pound U
Reserves 700,000 787,000 900,000
Probable 1,102,000 1,426,000 1,802,000
Possible 346,000 641,000 973,000
Speculative 251,000 482,000 890,000
7,628,000/ 3,336,000 7,158,000+
$100/pound U
Reserves 902,000 1,034,000 1,180,000
Probable 1,646,000 2,080,000 2,573,000
Possible 521,000 1,005,000 1,526,000
Speculative 378,000 696,000 1,225,000
3,792.000%/ %,815.000 5.962.000%/

1/ Uranium resources are estimated quantities recoverable by mining. Losses
due to processing may range from 5 to 15 percent. In addition to the above
resources, uranium that could be recovered by the year 2000 as a byproduct
of phosphate and copper mining is estimated at 120,000 short tons U308'

2/ The 95th percentile indicates a 95-percent confidence in the existence of
at least the amounts shown. The 5th percentile indicates a 5-percent
chance of the existence of more than the amounts shown.

3/ Includes lower cost resource categories.

4/ The values for resources at the 95th and 5th percentiles are not directly

additive because the estimates are only moderately correlated.




COMPARISON OF URANIUM ESTIMATES

Approximate Average Ore

TABLE A-2

Grade, in Percent U398 Current Estimatesl/ ERDA-1535 Estimatesg/
0.19 $30/Pound U398 Tons U398 $10/Pound U398 Tons U398
Reserves 470,000 Reserves 315,000
Probable 885,000 Probable 440,000
Possible 346,000 Possible 420,000
Speculative 311,000 Speculative 145,000
2,012,00 1,320,000
0.13 $50/Pound U0/ $15/Pound U0,/
.
Reserves 787,000 Reserves 420,000
Probable 1,426,000 Probable 655,000
Possible 641,000 Possible 675,000
Speculative 482,000 Speculative 290,000
3,336,000 2,040,000
0.08 $100/Pound U 0%/ $30/Pound 0.3/
.
Reserves 1,034,000 Reserves 600,000
Probable 2,080,000 Probable 1,060,000
Possible 1,005,000 Possible 1,270,000
Speculative 696,000 Speculative 590,000
4,815, 3,520,000

v In addition to the above estimates, the uranium that could be recovered
by the year 2000 as a byproduct of phosphate and copper mining is esti-

mated at 120,000 tons U

30g-

2/ In addition to the above estimates, the uranium that could be recovered
by the year 2000 as a byproduct of phosphate and copper mining was esti-

mated at 90,000 tons U
3/

3

08'

=" Includes lower cost resource categories.
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Appendix B
ADDITIONAL INFORMATION ON U.S. NUCLEAR WASTE MANAGEMENT PROGRAM

Roles of Federal Agencies

The repository development process involves interactions between several
Federal agencies, State and local governments, and Indian Tribes. DOE has the
lead role for the development and implementation of the disposal system, with
support from DOI. EPA will set generally applicable standards that the
disposal system must meet. NRC will set regulations to ensure that the EPA
standards are met and will review DOE's application to construct and operate a
repository, based upon compliance with those standards. These roles and
responsibilities are expanded upon in this section and summarized in Table
B-1.

Department of Energy (DOE)

DOE has the lead role among the Federal agencies for the management and
disposal of radioactive wastes. Legislation authorizes DOE to provide the
facilities for permanent isolation of highly radioactive wastes from the
biosphere. Therefore, DOE is responsible for the following activities that
will ultimately provide these facilities:

o Site characterization, selection and acquisition.

0 Development of geologic repositories and supporting ancillary facilities.

o Development of supporting technology.

o Development of a timely, continuing, and meaningful dialogue with
affected States and Indian Tribes.

o Applying for the repository license.

o Coordination of supplementary concepts, such as subseabed disposal.

Nuclear Regulatory Commission (NRC)

NRC is responsible for regulating the disposal of radioactive wastes in a
manner that ensure the protection of public health and safety. NRC has
developed proposed regulations (10 CFR 60) for disposal of HLW in a geologic
repository (U.S. Nuclear Regulatory Commission, 1981g). These proposed
regulations implement the environmental standards to be established by EPA.

If DOE satisfies the NRC requirements (as demonstrated through a licensing
proceeding), NRC will grant DOE a license to conduct activities relating to the
disposal of radioactive wastes in the repository. As a basis for its licensing
decisions, NRC also conducts an independent assessment of the technology by
performing confirmatory research and development (R&D) and by exchanging
information with DOE on a continuing basis.
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Table B-1

ACTIVITIES OF FEDERAL AGENCIES IN
THE DEVELOPMENT OF A GEOLOGIC REPOSITORY

ORGANIZATION ACTIVITIES

DOE e Site Characterization and Selection
e Land Acquisition

e Technology Development

e Application for License

e Repository Design, Construction,
Operation and Closure

e Interactions with State/Indian Tribes

NRC e Regulation Promulgation
e Siting Review

e Licensing Proceedings

e Technology Review

e Interactions with State/Indian Tribes

EPA e Standards Promulgation

DOI e Site Characterization Support

e Land Access

e Land Withdrawal




Environmental Protection Agency (EPA)

EPA is responsible for developing and establishing generally applicable
radiation protection standards for radioactive waste disposal. These standards
will provide the basis for NRC's licensing regulations.

Department of the Interior (DOI)

DOI, through the USGS, is providing support to DOE in its site characterization
activities, specifically in the areas of geophysical surveys, geohydrologic
mapping, and geologic/hydrologic evaluation of potential sites throughout

the United States. In addition, the Bureau of Land Management (BLM), within
DOI, may provide access to public lands under its authority for siting evalua-
tions and support the acquisition of such lands through administrative or
Congressional withdrawals under the Federal Land Policy and Management Act of
1976 (FLPMA).

Institutional and Public Involvement in the Decision-Making Process

Permanently isolating radioactive waste from the environment is an issue of
great public interest, which has been expressed by citizens' groups and
representatives of State and local governments as well as the nuclear industry.
Waste isolation spans the jurisdictions of a number of established institutions
and extends into areas of general social concern.

The Federal Government is committed to the principle of State consultation,
which provides that a host State will have a continuing role in Federal
decision-making on the siting, design, and construction of a high-level waste
repository. This "partnership" between the States and the Federal Government
recognizes that the safe disposal of radioactive waste is a national, and

not only a Federal responsibility. The decisions involved in achieving the
long-term isolation of radioactive waste must be made openly, subject to
public scrutiny, participation, and review. These decisions must also be
acceptable to those members of society affected by their implementation and
must take into consideration diverse viewpoints.

A conceptual overview of the steps in the repository development effort is
shown in Figure B-1. In the early phases, the focus is on geologic screening,
which involves characterization of surface and subsurface environments,
leading to increasingly detailed studies of narrowed geographical and geologic
areas until potential sites are identified. The information obtained during
detailed characterization will assess a potential site's suitability and
provide data required for the preparation of licensing documents.

Initial site protection measures will most 1ikely be taken at the conclusion
of the geographic screening phase when sites are selected for detailed site
characterization. Because this characterization phase includes the sinking
of exploratory shafts and in-situ testing in the proposed repository horizon,
DOE will take steps to protect the land in order to protect its exploration
investment. This protection is necessary to ensure that other actions at

or near the site do not render the site unsuitable for use as a repository.
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Protection of a site does not require full ownership rights to the property,
but does require sufficient ownership interest (e.g., short-term lease acquisi-
tion or easement) to maintain the integrity of the site and have full access
for characterization activities.

The detailed evaluation of a site will determine whether the site is qualified
for licensing by comparing its characteristics against established criteria
(U.S. Department of Energy, 1981g). If a site is determined to be suitable,
then additional land protection measures (e.g., long-term lease acquisition)
will be taken to supplement those taken previously to preserve (or "bank") the
site for possible later selection as a repository location. On the other
hand, if detailed site characterization finds that a site is not suitable, any
land protection measures taken previously on the site would be terminated and
the property returned to other uses.

Action to obtain full ownership of the site would not be initiated until

after site selection. An EIS will be prepared as input into the decision to
select a site for development of a repository. When a minimum of three sites
in two different geologic media have been characterized, one or more will be
selected by DOE, and a construction authorization application will be submitted
to NRC. Later in the process, licensing review, construction, and operation of
the repository would take place.

The plan to develop the facilities to permanently dispose of radioactive

wastes involves the coordinated and integrated efforts of several Federal
agencies along with State and local governments. Figure B-2 indicates that

DOE and NRC will be the major participants and that DOI and EPA will play
significant supporting roles. It also indicates that numerous activities of
different types will be underway in parallel. Coordination between the
participants is shown occurring early in the process and will continue through-
out the repository development effort.

Although many different activities will be underway in parallel, the effort

in the early years focuses on finding suitable sites and developing the
required technology. Many groups of people and organizations will be involved
in the decision process. However, the decision process that will be followed
must be established within the context of the roles and responsibilities of
the organizations involved. The scope of the organizational interactions and
the integrated plan are presented below.

Organization Agreements

Memoranda of Understanding (MOU's) and other agreements are used to clarify

the roles of the Federal agencies in repository siting and technology development.
A Procedural Agreement has been established between DOE and NRC and will

be established between DOE and DOI. The DOE/NRC agreement establishes a

formal mechanism to provide NRC detailed information concerning the status of
DOE siting and technology development on a timely basis. Procedures are being
developed to permit a relationship between DOE and NRC on potential issues
without compromising NRC's ability to independently license and regulate

future DOE HLW disposal. The DOE/DOI agreement will provide a definition of
the role of BLM and DOE concerning provision of drilling permits, and access

to and possible withdrawal of Federally controlled land from public access, if
required. It will also formalize the role of USGS in supporting site identifi-
cation activities.
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Regulation Development

The Energy Reorganization Act of 1974 sets forth NRC licensing authority for
receipt and storage of HLW generated from NRC-licensed activities and for the
long-term storage of HLW generated by DOE activities, except those related to
research and development. Therefore, while DOE will be responsible for the
development of HLW disposal facilities, DOE will not construct the facilities
or emplace radioactive waste in the facility until it receives a license from
NRC. NRC must be assured through the licensing process that the public health
and safety and the environment will be adequately protected.

Separate from this regulatory oversight by NRC, EPA is responsible for estab-
lishing generally applicable environmental standards for the management,
storage and disposal of HLW and TRU wastes. While EPA issued standards

for the nuclear fuel cycle in 1977 (40 CFR 190), these standards explicitly
excluded operations involving waste management. A specific standard for
waste management is now under development by EPA. This standard will provide
the fundamental basis for NRC's licensing activities and will determine

the overall performance standard for the repository.

DOE has developed broad objectives and criteria to guide its research and
development programs pending the establishment of formal standards and
regulations by EPA and NRC. DOE's program, while guided by DOE objectives

and criteria, has been designed to accommodate developing regulations and
standards by the regulatory authorities. Figure B-3 illustrates the relation-
ship between DOE, EPA, and NRC, as the regulatory framework is developed.

The NRC is responsible for issuing regulations that implement the EPA standard.
The basic regulations for geologic repositories are presented in 10 CFR 60.

In the procedural portion of 10 CFR 60, the NRC established a series of

steps that DOE must complete to obtain authorization to dispose of HLW and

TRU. Included in this series of actions is a site characterization report on
each prospective site, request for construction authorization, application for
a license to possess and dispose of HLW, and various amendments to the license,
including the final one to close and decommission the repository. DOE is

also required to provide periodic progress reports on the several site char-
acterization studies and on construction and operation of the repository.

Table B-2 specifies the reports and documents to be exchanged.

On July 8, 1981, the sections of 10 CFR 60 covering technical requirements
were published for comment as a proposed rule (U.S. Nuclear Regulatory
Commission, 1981g). The proposed schedule for issuing other regulatory
documents is presented in Table B-3.

In addition to the development of the regulatory framework and participation
in the review in detail of siting activity, NRC will be given the opportunity
to review the status of waste isolation technology. The DOE/NRC Agreement
that establishes the formal interchange provides for periodic presentations
and reviews of specific topics. DOE will make a special effort to document
the issues and technical activities that have led to their resolution.
Included in this formal interchange are a category of documents and reports
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PROCEDURAL INTERACTIONS BETWEEN NRC AND DOE

Table B-2

DOCUMENT

WHEN FILED

CATEGORY OF NRC RESPONSE
(REQUIRED DOE ACTION)

Draft EIS on Commercial Waste
Management Program

April 1979

Review comments. (DOE
must consider comments
in preparation of Final EIS).

National Plan for Siting High Level
Radioactive Waste Repositories

Fall 1981

Review comments. (DOE
must consider comments).

Site Characterization Report and
Environmental Document

When DOE proposes that a
single location within a
geologic region should be
characterized in detail,
including an

exploratory shaft, and that
this location should be
protected.

Advisory response by
director, NMSS. (DCE

will incorporate NRC
comments into final

report. DOE must

issue final environmental
document before site can be
protected or exploratory
shaft can be sunk).

Updated (or Detailed) Site
Characterization Report and
Environmental Document

When DOE has completed its
detailed site studies at one

site, and has determined the

site is suitable for a repository,
and the candidate site should be
protected accordingly.

Advisory comments

Site Recommendation Report and Draft
EIS

When DOE proposes a specific
preferred site for licensing
and authorization for
construction

Informal review of site
to be submitted as pre-
paration for receiving

license application.

Application for Construction
Authorization

When DOE Site Characterization
Report and Final EIA is issued,
and when the Environmental Re-
port and Safety Analysis of the
Repository are completed.

Formal licensing review,
including public hearings.
NRC could request additional
technical information about
site or additional design
WOTK.

Application for License to Receive and
Emplace Waste

When detailed engineering design
angd procurement (Title I & II) and
major construction are completed,
an! the Envirommental Report and
the Safety Analysis Report are
updated

Further review of the
license application,
possibly including public
hearings.

Amendment Application for Closure

When the repository has been
substantially filled and its
performance has been demonstrated
to be satisfactory, and when the
license application and Envir-
onmental Report are updated.

Formal proceedings in-
cluding public hearings,
to determine if long-
term isolation of the
emplaced waste is ensured.

*Depending on timing of suitability determination, this envirommental
document may be combined with the site recommendation EIS,
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Table B-3

REGULATORY DOCUMENT PREPARATION SCHEDULE

DOCUMENT ISSUE DATE
40 CFR 191 - Environmental Standards FY 81
(Proposed)
40 CFR 191 - Environmental Standards FY 82
(Final)
10 CFR 60 - Procedures* FY 81
(Final)
10 CFR 60 - Technical Requirements** FY 81
(Proposed)
10 CFR 60 -~ Technical Requirements FY 82
(Final)

Technical Requirement Rationale Document

and Environmental Impact Assessment*#* FY 81
Site Characterization Report

Format and Content Guide (Draft) Fy 81
Site Characterization Report

Standard Review Plan (Draft) FY 82
Environmental Report Format and Content

Guide Fy 83
Safety Analysis Report Format and Content

Guide FY 83

License Application Format and Content
Guide

*published 2/25/81
**published 7/8/81




to obtain formal NRC feedback on methods of handling and resolving technical
questions that are known to be important for the authorization of construction
and licensing of a repository for operation. Topics proposed to date for
discussion include: (1) performance modeling relative to site selection; (2)
brine migration; (3) volcanism as a factor in siting; (4) pre-application
quality assurance; (5) seismicity as a factor in siting; and (6) human
interference. In addition, a technical interchange between DOE and NRC
concerning program activities will be conducted on a continuing basis. This
mutual interchange will cover major areas--waste packages, repository
development, site characterization, and performance assessment.

DOE Program for Permanent Isolation

DOE's program to establish geologic repositories has been designated by DOE as
the National Waste Terminal Storage (NWTS) Program. The overall objective of
the NWTS Program is to provide for the effective isolation of existing and
future radioactive wastes from DOE and commercial activities so that they pose
no significant threat to public health and safety.

To meet this overall objective, several general performance objectives have
been formulated by the NWTS Program. These objectives are structured to allow
adequate flexibility to meet specific regulatory requirements at the licensing
phase of a repository. The objectives are not intended to negate the need for
NRC and EPA regulations, but merely to provide interim guidance until compre-
hensive final regulations can be issued.

The following waste isolation system performance objectives (for any method of
waste disposal) have been proposed in NNTS-33§1}, Program Objectives, Functional
Requirements and System Performance Criteria (U.S. Department of Energy,

198le):

0 The mined geologic disposal system shall provide reasonable assurance
that waste will be adequately isolated from the accessible environment
for a period of at least 10,000 years with no prediction of significant
decreases in isolation beyond that time. The potential risk to future
generations shall be limited to the extent reasonably achievable.

0 The NWTS program shall be conducted in a manner that will promote
institutional and societal participation and acceptance of the program
plans and activities.

o Technical conservation shall be applied throughout the NWTS program.
The methods used to design, develop, and demonstrate the disposal system
shall be sufficiently conservative to account for residual uncertainties
of potential importance to system effectiveness and shall provide reason-
able assurance that regulatory standards will be met.

o The NWTS program shall provide multiple, regionally sited repositories
insofar as technical considerations permit. Features of the repositories
shall be standardized to the extent practicable to facilitate safe and
economical development and operation.
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0 The system of NWTS repositories shall be capable of receiving and
disposing of all commercial high-level and transuranic (TRU) wastes and
defense high-level wastes in a safe manner, regardless of the amount of
nuclear waste produced and of the specific fuel cycle or reactor that
produced it.

o The safe disposal and isolation of radioactive wastes shall be achieved
in a manner that provides effective utilization of resources.

0 The mined geologic disposal system shall be developed based upon a level
of technology that can be implemented within a reasonable period of time.
It shall not depend upon scientific breakthroughs and shall be able to be
assessed with current capabilities. Active maintenance or surveillance
for unreasonable lengths of time into the future shall not be necessary
to ensure adequate isolation.

In the implementation of the NWTS Program, the above waste isolation system
performance objectives are reflected in formal performance criteria that are
applied in the planning, execution, and evaluation of all program activities.
These criteria are presented in the NWTS-33 series of documents (U.S. Depart-
ment of Energy, 198le, 1981g, 1981h, 19811).

Although mined geological repositories will be the focal point of the compre-
hensive national radioactive waste management program, the Department of
Energy will continue to support a limited program directed toward development
of supplemental disposal options, such as the disposal of HLW by emplacement
in sedimentary deposits beneath the bottom of the deep sea (thousands of
meters below the ocean surface) in areas which have been geologically stable
over millions of years. For more detailed information on alternatives for
permanent disposal, see U.S. Department of Energy, 1980y.

NWTS Program Planning Structure

A description of all activities in the NWTS Program will be presented in the
NWTS Program Plan, which describes in greater detail the individual sub-program
plan documents. The relationships between these documents are shown in Figure
B-4. These documents provide the statement of directions and the framework

for coordinating the NWTS Program activities, and will be available in FY 82.

Program Activities

The following strategy has been established for the NWTS program in order to
best accomplish the program objectives. The program will provide an early

focus on actual alternative sites and emplacement of a few hundred packages of
radioactive waste into an at-depth Test and Evaluation Facility (T&E) by 1990.
Primary focus will be on three sites to allow an early determination that

these sites meet generalized standards compatible with those under development
by the EPA and NRC. These three sites are Hanford Site (basalt), Nevada Test
Site (tuff), and a preferred salt site, to be determined. Work will subsequent-
ly proceed on the detailed site characterization, including exploratory shaft
and at-depth testing to determine site suitability. The T&E, to be located at
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one of the three sites subsequent to exploratory shaft sinking, will allow the
program to gain operational experience with waste handling, emplacement, and
retrieval on a scale representative of a full-scale facility. The information
gained from the T&E will be useful in design, and operation of full-scale
repository. The T&E site, the other two sites at which exploratory shafts
have been completed, and diverse geologies, such as granite, that are under
long-term evaluation should provide multiple candidate sites for a regional
repository system. The first repository location will be selected either
after the first three sites have been deemed suitable (thus meeting the
minimum requirements of 10 CFR 60), or after additional candidate sites in
other media are available. The timing of this selection will be based on the
availability of funding for detailed site characterization, as well as technical
and institutional considerations. The NWTS program activities are being
planned to support this strategy. These activities will be discussed below in
terms of the mined geologic repository system.

As illustrated in Figure B-5, DOE subdivides the mined geologic repository
system into three major subsystems: the waste package, including the waste-
bearing canister and associated overpacks and barriers; the repository,
including retarding backfills and seals; and the site, which consists of the
host rock, the surrounding geologic formations, and the hydrogeologic environ-
ment. The man-made or engineered barriers incorporated in the waste package
and repository subsystems will provide containment of the waste, delaying the
initiation of and retarding the rate of radionuclide release to the host rock.
The host rock and the natural geologic and hydrologic features of the reposi-
tory site, as well as the remoteness of the repository (in terms of depth
below the surface and distance from water supplies), will provide natural
barriers for isolating radioactive waste from people and their environment.

To ensure compatibility and to enhance the effectiveness of the barriers,
these subsystems are analyzed together as a system in the selection of the
host rock and repository site, as well as in the design of the waste package
and repository structure. Each of the components of the mined geologic
disposal system has been designated as a major task within the NWTS program
and is discussed below.

Waste Package. The first of the major barriers to the release of radionuclides
is the waste package, as shown in Figure B-5. Its ability to provide contain-
ment will be based on a system of multiple engineered barriers that include a
leach-resistant waste form, a high-integrity canister, and buffers and radio-
nuclide migration retardants. The functions and performance criteria will be
described in the Waste Package Performance Criteria document (U.S. Department
of Energy, 1981i). The program for R&D, design, fabrication, and testing,
along with a detailed schedule, is presented in the Waste Package Program Plan
(U.S. Department of Energy, 1981k).

Technical criteria proposed in the preliminary version of 10 CFR 60 require
that the waste package contain the radionuclides for a period of at least 1000
years. The waste package program is directed toward developing the test
methods for experimentally verifying the waste package system's performance,
developing the models and calculational approach to predicting the long-term
behavior of the package, and measuring the properties and performance charac-
teristics of materials with which to construct the package. Figure B-6 is the
schematic flow diagram for the development of a waste package.
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Extensive testing and development studies of various individual barrier
components of the waste package under expected conditions of geologic isolation
have been in progress for several years. While most of these studies are not
complete, the data and results generated during the past few years do indicate
that components of the waste package can delay and minimize release of radio-
nuclides to the natural system by functioning as effective chemical and
physical barriers.

Because of the many candidate materials suggested for each component of the
waste package, barrier development programs have been initiated to address
this area in a logical sequence, starting with simple materials screening,
followed by interaction tests of increasing scale and complexity. Presently,
most tests are being carried out in the laboratory, usually on single compo-
nents, with tests focused on modeling the performance of the individual
components. Most of the current laboratory tests are using simulated waste
forms without the influence of a radiation field. Tests using radioactive
materials will be run at a later date to ensure that the effect of radiation
does not have a significant deleterious effect on component performance.

Experiments that simulate repository conditions and integrate the behavio of
waste package components and the geological media are also in progress.
Laboratory efforts directed toward more complex testing of subsystems involving
more than one component are planned. Through such evaluations and accelerated
tests, coupled models of the waste package component interactions will be
developed. The results of such tests will support a decision on the materials
to be considered in package conceptual design studies. This series of stuc-es,
investigating waste package component performance and qualification, will
culminate in a large-scale system test specific to each repository host rock
type, involving all components of the waste package. Such tests may be
performed in the field to confirm the results of earlier detailed laboratory
and large-scale tests. It is currently planned that prototype high-level

waste packages will be emplaced in the Test and Evaluation Facility. Data on
waste package handling in such a facility will provide input into the final
design of the actual waste packages for repositories.

The NWTS program has developed a Waste Package Program Plan that provides the
standards to be followed with respect to testing procedures and materials
certification, and coordination of specific development activities among
researchers and waste management entities. For review and integration, a
Materials Steering Committee (MSC), a Materials Review Board (MRB), and a
Materials Characterization Center (MCC) have been established. The MRB
provides the overall coordination of activities. These organizations have been
charged with supporting waste package design, development, and testing programs.
The final objective is to produce suitable packages that meet established
requirements.

Repository. The second major component of the waste isolation system is the
repository structure, which includes the surface and subsurface facilities
designed to receive waste. While the subsurface portion of the repository is
basically a system of drifts within the natural host rock, this component
contributes to overall system performance by 1imiting adverse impacts of
excavation and emplacement activities on the site by emplacing backfill and
seals in the underground openings at the time of decommissioning. The func-
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tions and performance criteria for the repository are described in the Reposi-
tory Performance and Development Criteria document (U.S. Department of Energy,
1981h). The program for the development of repository technology will be
covered in the Repository Development Program Plan. Details of the program
will be further described and presented in two subtask plans: Rock Mechanics
Plan, and Repository Sealing Plan.

NRC's proposed technical rule, 10 CFR 60, specifies that the release rate from
the repository be less than 1 part in 100,000 per year of the amount present
at 1000 years after the repository is sealed. The EPA proposed standard
provides a 1imit on the quantity of specified radionuclides released from the
repository over a 10,000-year period. Also, the proposed 10 CFR 60 technical
criteria require that the repository shall be designed with the capability to
retrieve all the emplaced waste for up to 50 years after emplacement room
backfill. The repository development program, along with the waste package
program, is directed toward developing the methods and technology to meet
regulatory requirements as they evolve.

The repository structure must be designed to ensure that construction, emplace-
ment of radioactive waste, and the effects of the waste will not compromise
the natural integrity of the site. Also, the repository environment must be
sufficiently defined to show that there are no interactions that will signifi-
cantly compromise the performance of the waste package designs. The models
for waste package and repository performance are integrated into what has been
termed a near-field model. This model is then integrated with the model of
the site, which has been termed a far-field model. These integrated far- and
near-field models will be used to evaluate the effectiveness of the overall
isolation system. Current activities are providing the basis for future
design and performance assessments of repository structures. Rock mechanics
research is being conducted for a broad set of geologic media to provide the
basic understanding of the mechanical behavior of the media. Both laboratory
and field tests are being conducted to provide the basic data on thermal,
mechanical, and hydrological interactions, and combined effects in potential
host media. Laboratory studies are underway to define the interactions
between host rock, groundwater, and emplaced material which may influence
radionuclide mobility and transport. Waste-induced influences, such as
radiation and heat, on chemical reactions, are being investigated. Laboratory
tests to obtain leaching and retardation coefficients for various waste form
and host rock combinations are also being conducted. Improvements in under-
standing the transport mechanisms and predictive capabilities will result from
these studies.

Field testing is being conducted to provide the required technology data base
for assessing the validity of analytical models, comparing in-situ and labora-
tory behavior, and confirming by demonstrating the behavior of radiocactive
wastes emplaced in various geologies. In addition, to support facility
development and licensing requirements for a repository, engineering design
information must be obtained in the various candidate media. Presently, there
are a number of field-testing activities underway or planned in the various
media; Table B-4 is a summary of these activities. As part of the at-depth
test program to be conducted at each potential site following exploratory
shaft sinking, engineering confirmation tests will be conducted in the proposed
repository horizon. The scope of these tests is currently under development.




Table B-4
REPOSITORY PROGRAM TEST FACILITIES

MEDIUM FACILITY LOCATION SCOPE PERIOD COMMENTS
Salt
Dome Avery Island Louisiana e Thermomechanical 1978 - 1980 Three heater tests
® Brine migration 1980 - 1981
Granite Stripa Sweden ® Geohydrology 1978 ~ current| Heater tests,
(abandoned (v.s. e Thermomechanics ventilation drift test
iron mine) partici- ® Rock mechanics
pation) e Fracturing/Frac-
ture Hydrology
Granite Climax NTS o Thermomechanics 1980 - 1985 Eleven canistered
e Handling of spent spent fuel
e Fuel; Radiation assemblies, electric
® effects heaters, tracers and
o ® Radionuclide Mi- radioactive nuclides
gration
Granite Colorado Colorado e Effect of blast- 1979 - 1984 Block tests
School of ing on granite
Mines e Thermomechanics
Experimental
Mine
Basalt Near Surface Hanford ® Thermomechanics 1980 - 1985 Heater and block tests
Test Facility e Rock mechanics
(NSTF)
Tuff G Tunnel NTS e Thermomechanics
e Radionuclide 1980 - 1985 Tracers and radioactive
Migration nuclides

Source: Adapted from U.S. Department of Energy. April 1980v. Statement of Position of the U.S. Department of
Energy: Waste Confidence Rulemaking, U.S. Nuclear Regulatory Commission. DOE/NE-0007.




Studies are being conducted to identify performance criteria for repository
structures, and to identify equipment and instrumentation requirements for
repository construction, operation, decommissioning, and monitoring. Because

of the recognized importance of sealing the repository, borehole and shaft-
sealing laboratory and field tests are also being performed. The following
paragraphs describe these activities in more detail. It is currently expected
that the Test and Evaluation Facility will provide the capability to demonstrate
some of these technologies as deemed necessary.

Engineering activities related to the repository include the development of
specialized techniques and equipment, as well as design of the repository and
related support facilities. An early continuing activity is the development

of engineering design criteria to be used to guide the initial design of the
facility, its equipment, and the testing to obtain operating data on prototype
equipment. Equipment reliability and maintenance requirements will be addressed,
as well as the functional requirements of size, weight, materials of construc-
tion, and performance. Following criteria development, processes and equipment
can be specified and developed in the areas of waste packaging, handling,
emplacing, mining, decommissioning (e.g., room backfilling), retrievability,
security and safeguards, and occupational safety. Much of this work involves
items unique to a repository, such as retrieval equipment and techniques.
Mining processes will be adapted to ensure that containment and isolation
integrity of the host rock are not compromised. Techniques and related
instrumentation will be developed to ensure occupational safety of workers
during the operational phase of the repository.

High-integrity repository sealing is desirable in order to ensure long-term
waste isolation. Therefore, an extensive effort is underway to develop
materials, design configurations, and emplacement techniques for repository
sealing which are compatible with conditions that may be present at the sites
selected for geologic repositories. Laboratory investigations of sealing
material-rock interactions are in progress, as are literature searches and
field investigations into geochemical conditions in candidate sites. These
activities will lead to field testing and demonstrations of satisfactory seal
designs. An initial borehole-seal field test has been completed in salt, and
additional tests are being planned for basalt, salt, and tuff in the future.

Site. The final major component of the waste isolation system is the site.
The site will be selected to include natural barriers that provide containment
and isolation by: (1) maintaining the waste in its emplaced condition for a
given period of time; (2) 1imiting radionuclide mobility through the geohydro-
logic environment to the biosphere; and (3) assisting in keeping man away

from the waste (i.e., minimizing intrusion incentives such as a valuable
resource). The site will contain a host rock suitable for construction of the
repository and containment of the waste, as well as surrounding rock formations
which can provide adequate isolation. General repository site performance
criteria for the NWTS Program are contained in the Site Performance Criteria
document (U.S. Department of Energy, 1981g). These final criteria are summa-
rized in Table B-5. The program for screening characterization, and selection
of sites is described in the NWTS National Plan for Siting High-Level Waste
Repositories (U.S. Department of Energy, 1982).

An Earth Science Technical Plan (U.S. Department of Energy and U.S. Department




Table B-5

SITE PERFORMANCE CRITERIA

I. Site Geometry VI. Human Intrusion
e Minimum Depth ® Resources
e Thickness e Exploration History
e Lateral Extent e Ownership and Control
II. Geohydrology VII. Surface Characteristics
e Hydrological/Geochemical e Hydrological System
Regime/Path Length/Travel Time e Topographic Features
e Aquifer Flow/Construction e Meteorological Phenomena
e Dissolution of Rock e Industrial/Transportation/
® Water Bodies/Climatic Cycles Military Installations
VIII. Demography
ITII. Geochemistry
e Transportation
e Chemical Interactions e Urban Areas
o Radionuclide Retardation
IX. Environmental Protection
IV. Geology
e Wilderness
e Stratigraphy e Rivers
e Host Rock Characteristics e Wildlife
e Virgin Rock Strength e National Parks
e Archaeology
e National Heritage
V. Tectonic Environment e Ambient Conditions
e Seismicity X. Socioeconomic Impacts
® Quaternary Faults
e Quaternary Igneous Activity ® Transportation Impacts
e Uplift or Subsidence Rates ® Management of Impacts
e Tectonic Elements
Source: U.S. Department of Energy. February 1981g. NWTS Program Criteria

for Mined Geologic Disposal of Nuclear Waste:

Site Performance

Criteria. DOE/NWTS~33(2),
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of the Interior, Geologic Survey, 1980dd), which identifies the basic scienti-
fic information necessary to evaluate the suitability of a site for location
of a repository, has been jointly developed by DOE and USGS and is being
implemented. Methods for predicting the ability of potential sites to fulfill
their function in isolation of the waste have been developed and are being
refined and verified.

Technical criteria in the proposed 10 CFR 60 contain specific siting require-
ments, including identification of potentially adverse site conditions and
favorable site characteristics (10 CFR 60.122). The NWTS program is directed
toward the identification, characterization, qualification, and selection of
sites that will meet these regulatory requirements when they are issued.

Several media, including salt, basalt, granite, and tuff, have been identified
as having features that could make them acceptable as host media for geologic
repositories. Evaluation of these media is being carried out by relating them
to the NWTS site performance criteria. These considerations are currently in
various stages of the screening process. As stated earlier, emphasis in the
near-term is on basalt, tuff, and salt, while other media are being considered
over the long-term.

The siting process involves geological and environmental characterization
studies to identify potential sites for mined geologic repositories and to
obtain the technical data necessary to determine suitability of these sites.
Steps in the site screening and characterization process are as follows:

1. National screening surveys.

2. Determination of regions for further study (up to several States in
extent).

3. Recommendation of areas for more detailed investigation (up to a few
thousand square miles).

4. Recommendation of specific locations for in-depth study (up to several
tens of square miles).

5. Recommendation of preferred sites for detailed site characterization to
confirm suitability.

Site searches are initiated by national screening surveys. Starting with the
contiguous United States, the initial step in site exploration and characteri-
zation is to identify places that have some potential for waste isolation.
These places may be regions (up to several hundred thousand square miles in
area) or land areas having a particular suitability feature. National
screening surveys have been structured in different ways, depending on the
site suitability feature that is sought initially, as follows:

0 A geologic approach, beginning with consideration of potentially suitable
host rocks and identification of regions containing these formations.
EarTy in the program, for example, rock salt was identified as a potentially
suitable host medium; thus regions in the contiguous United States
containing salt domes and bedded salt formations were delineated as




starting points for site screening. Recently, DOE has screened the U.S.
for regions containing crystalline and argillaceous rocks.

0o An approach considering current land use. Examples of this approach are
the studies being conducted at the Hanford Site and the Nevada Test Site,
both of which are large tracts of land owned by the Federal Government
and currently used for nuclear activities. These government reservations
are classified as "areas" in the steps in the siting process. Investiga-
tions of both areas were initiated to determine whether geologic and
hydrologic conditions, as well as other considerations, would allow use
of these dedicated lands for waste repository sites.

o An approach, province screening, based on scrutiny of successively
smaller units of land based on geohydrologic conditions, including
multiple natural barriers to radionuclide migration. This approach
provides further assurance that otherwise unexamined geologic formations
having favorable repository properties will not be overlooked where they
occur in a suitable geohydrologic environment. The USGS is initiating
this approach in one of eleven provinces through a Province Working
Group.

o An approach based on the consideration of all site suitability criteria
also is being considered to screen the United States for sites. This
systems screening approach, if implemented, should identify regions or
smaller areas of potential use for repositories by simultaneously apply-
ing safety, environmental, and socioeconomic criteria for which there are
useful data.

The host rock and land-use approaches may identify candidate sites from which
the first site for a repository will be selected. Other approaches may
identify alternative sites for later repositories.

Whether the starting point of the site selection process is selection of
regions according to rock type, land use, hydrology, or some combination of
these factors, the subsequent steps in the screening process are similar. The
process established for proceeding through these subsequent steps is described
in the National Plan for Siting High-Level Radioactive Waste Repositories
(U.S. Department of Energy, 1982).

The status of activities related to characterization efforts as of September
1981 is:

o Final DOE site performance criteria that incorporate public comments were
issued in April 1981.

o The Earth Science Technical Plan was issued jointly by DOE and the USGS

in 1980. The research and development needs identified in the document
are being implemented.

o Development of models for predicting the performance of geologic site
waste isolation systems is continuing. Trial applications of preliminary
models have been made.

B-23




Regions and areas containing salt, crystalline, basalt, and tuff rocks have
been identified. Further studies on crystalline rocks in the Lake Superior
region are pending negotiations with States on the proposed plans for charac-
terization. Regional studies of crystalline rocks in the Appalachians have
been started.

A national screening survey for other potential isolation systems has been
planned but not yet implemented. A draft national survey report of studies to
identify regions containing potentially suitable argillaceous rocks has been
completed, but no siting activity in argillaceous rocks is planned.

Regional studies have been completed for the New York and Ohio portions of the
Salina region. Recommendations for further studies are pending agreements
between the States and DOE. Plans for regional studies in Michigan are being
negotiated with that State.

Area characterization studies of the salt domes in the Gulf Coast region are
nearing completion. DOE has recommended limited study of four of these domes.
These studies will address key issues at each of these four locations to
enable one site to be recommended. Once this choice is made, the recommended
salt dome site may receive additional limited study to enable a comparison of
it with one or more potential sites from the Paradox and Permian salt regions.
One of these salt sites will then be characterized by an exploratory shaft and
in-situ testing.

Area-level studies are currently being conducted in the Paradox region of
Utah. Area studies are nearing completion in the Palo Duro and Dalhart areas
of the Permian Basin in Texas.

Drilling and other field activities as part of location-level studies are in
progress at potential locations on DOE's Nevada Test Site and Hanford Site in
volcanic tuff and basalt environments, respectively.

Schedule

The reference schedule for permanent isolation in a geologic repository is
shown in Figure B-7. The elements in the critical path leading to the first
repository are summarized below:

o 1983 Begin exploratory shafts at three potential sites--Hanford
basalt, NTS tuff, and a salt site.

o 1985 Reach proposed repository depth and begin in-situ investi-
gations. Select one of first three sites for Test and
Evaluation Facility site, and begin site-specific detailed
design of the facility.

o 1986 Initiate construction of the Test and Evaluation Facility.

o 1985 to 1988 Continue underground testing for detailed characterization
at the three sites with exploratory shafts. Continue
characterization of additional potential sites including
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exploratory shafts. Continue technology development to
support the repository.

o 1988 Apply to the NRC for construction authorization at a
site selected from among first three site alternatives.

o 1989 Complete construction of Test and Evaluation Facility and
initiate emplacement of wastes.

o 1992 Issuance of the construction authorization by NRC.

0o 1998 to 2001 Completion of construction and checkout for first repository.

Implementation of NEPA in the NWTS Program

In managing the National Waste Terminal Storage (NWTS) Program, DOE may
undertake actions having potential environmental consequences, the effects and
significance of which vary. Actions range from decisions on the overall
strategy for waste disposal (involving a major resource commitment which
ultimately may have a spectrum of potential environmental effects specific to
that strategy) to the selection of specific sites for waste disposal facilities.
Other actions include the conduct of research, which may have little environ-
mental effect, but which may have important technological, cost, and time
implications on long-term waste disposal.

DOE has developed a NEPA Implementation Plan which is integrated with the
overall DOE planning and decision-making framework for the deep geologic
disposal strategy. A NEPA Implementation Plan is found in the Statement of
Position of the United States Department of Energy (DOE/NE-0007) filed In the
Matter of Proposed Rulemaking on the Storage and Disposal of Nuclear Waste
(Waste Confidence Rulemaking). Modifications to this plan are underway
because of the changes in NRC's requirement for exploratory shaft construction
and in situ testing at three alternative sites prior to DOE submitting a
lTicense application.

The program's NEPA Implementation Plan is based on the "tiered" approach,
which is designed to eliminate repetitive discussions of the same issues and
to focus on the actual issues ripe for decision at each lTevel of environmental
review. This approach allows coverage of general matters in broad EISs with
subsequent narrower EISs or EAs incorporating by reference the general discus-
sions and concentrating solely on the issues specific to the subsequent
decision.

The first major decision process in the NWTS program was the selection of a
program strategy for disposal of nuclear waste. The environmental effects of
selecting a program strategy, including the selection of a preferred technical




concept for waste disposal, are addressed in the Final EIS on Management of
Commercially Generated Radioactive Waste, DOE/EIS/0045F (October 1980). Ten
concepts, including mined geologic disposal, are analyzed in the EIS. The
substantive issues raised through the public comment process were reviewed and
addressed in the Final EIS. The Record of Decision selecting the mined geologic
disposal program alternative was published on May 4, 1981 (46 Fed. Reg. 26677).
The second major decision process is that involving the selection of sites for
the disposal of nuclear waste. The major points in the site selection process
are:

1. Adoption of a National Plan for Siting High-Level Radioactive
Waste Repositories and performance of screening surveys.

2. Detailed site studies (including exploratory shaft).

3. Acquiring an interest in land, including action to protect
potential sites from other uses.

4, Selection of a candidate site for the first, or a subsequent,
repository.

The selection of a site for the T&E Facility is not part of, but is related

to, the repository siting process. Because such a facility may cause impacts

at a site under study for a repository, it is included in the NEPA implementation
planning.

While the appropriate NEPA document is being prepared for the various decision
points, program activities that have been analyzed in previous NEPA documents
may continue. In addition, new site characterization activities may begin, if
it is clear, on the basis of DOE's review, that they do not (1) have an

adverse environmental impact or (2) limit the choice of reasonable alternatives.
These activities could include additional environmental studies, routine
geophysical studies, and borehole drilling.
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Appendix C
EXCERPTS FROM CRBR SAFETY STUDY,
CRBRP-1, MARCH 1977

EXECUTIVE SUMMARY

SECTION 1. INTRODUCTION AND RESULTS

The objective of the CRBRP risk assessment is to provide a realistic evaluation
of the risk to the public from the Clinch River Breeder Reactor Plant, to place
that risk in perspective relative to other societal risks, and to provide a
basis for assessing the comparability of the risk from the CRBRP with risks
associated with previously licensed reactors. The assessment formally and
systematically evaluated the CRBRP risk and showed that

0 the risk associated with postulated accidents of the CRBRP is negligible
when compared with nonnuclear risks to which the local population is
already exposed,

0 CRBRP risks are comparable to those from light-water reactors (LWRs) of ]
the current generation as characterized in the Reactor Safety Study (RSS),

0 the results of this study and those presented in the RSS reveal that the
societal risk from currently defined nuclear power systems (both LWRs and
the CRBRP) is extremely small.

To present a proper perspective on CRBRP accident risk, it is compared with
those risks arising from other sources. Because calculations have predicted
that all early* fatalities caused by highly improbable CRBRP accidents would
occur within 10 miles of the site, nonnuclear risks have been evaluated for
the population (approximately 42,000) 1iving within that region. Some of the
nonnuclear risks occur as a direct result of man-caused activities, whereas
others arise from naturally occurring phenomena. Figures C-1 and C-2 provide
a comparison between several of the nonnuclear societal risks and the risk
from CRBRP accidents; they show that the CRBRP risk is much lower than other
societal risks. For example, explosions are more than 10,000 times more likely
and tornados approximately 1000 times more likely to cause a given number of
fatalities than is the CRBRP.

Risk can also be expressed in terms of individual risk of death per year.
Table C-1 compares individual risks from both natural and man-caused sources
with individual risk from the CRBRP. This table shows that a person living
within 10 miles of the CRBRP site is 100 thousand times more likely to be
fatally injured by lightning and 1 million times more likely to drown than to
be fatally injured by a CRBRP accident.

IEeactor Safety Study, Main Report, United States Nuclear Regulatory
Commission, WASH-1400, (NUREG-75/014) (October 1975).

*
Early fatalities are defined as those occurring within one year of a core-
disruptive accident; they would be due largely to acute radiation exposure
from noble gases.
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Table C-1 a
Individual Risk of Fatality by Various Causes.

Death per Resident per Year

Source of Fatality Probability Chance
Motor vehicles 3.7 x 10'g 1 in 2,700
Falls 8.1 x 10'5 1 in 12,000
Fires and burns 3.1 x 10'5 1 in 32,000
Drowning 2.6 x 10:5 1 in 38,000
Poison 2.5 x 10 5 1 in 40,000
Fi rearms b 1.3 x 10'6 1 in 77,000
Water transport 7.6 x 10'6 1 in 132,000
Air transport b 5.2 X 10'6 1 in 192,000
Railroad transgort 3.3 x 10'6 1 in 303,000
Farm accidents 1.7 x 10'6 1 in 5,900
Electricity usage 5.2 x 107 1 in 192,000
Lightning 3.2 x 10'6 1 in 313,000
Tornadoes 3.0 x 10'7 1 in 3.3 million
A1l accidents 7.2 x 107% 1 in 1,400
Suicide 1.2 x 1074 1 in 8,300
Homi cide 1.4 x 10°% 1 in 7,100
Cancer 1.8 x 1073 1 in 550
LwRsd 4.3 x 10711 1 in 20 billion
CRBRP accidents 1
Ear]yef 2.9 x 107}, 1 in 30 billion
Latent 4.5 x 10° 1 in 200 billion

These probabilities have been derived from data for the population within 50
miles of the CRBRP site for the year 1973 (approximately 700,000). VYear-to-
year variations are expected to be small, as are local population variations
within this region.

bExc1udes persons on duty.
CPer farm residents only.

dBased on RSS estimate of early fatalities for one reactor and all affected
population within 25 miles.

®The estimated probability of early fatalities per resident per year based on
the assessment presented in this report for the population within 10 miles of
the CRBRP site (approximately 42,000).

fThe estimated probability of latent fatality per resident per year based on
the assessment presented in this report for the population within 10 miles
of the CRBRP site.
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The CRBRP risk arises from a number of highly improbable accidents that have
the potential for release of radioactivity from the reactor core into the
environment. Although all those accidents are very low probability events,
some are more likely to occur than others. The potential for release of any
radioactivity exists only for accidents of very low probability. For example,
the most likely such accident is estimated to have a probability of occurrence
of about 1 in 50,000 per year of CRBRP operation. The radioactivity release
associated with that event would be quite small and would cause an insignificant
effect on public health. On the other hand, an extremely improbable accident
that could affect a large number of people is estimated to have a probability
of occurrence of 1 in 200 million per year of CRBRP operation.

As coexisting facets of the nuclear power industry, the LWRs and the CRBRP

make a very small contribution to the overall risk to society. Figures C-3

and C-4 show the distributions of early and latent* fatalities for the CRBRP
and a typical LWR. When considered in the context of the technological and
natural contributions to risk presented in Figures C-1 and C-2, the comparisons
in Figures C-3 and C-4 indicate that neither the CRBRP nor a typical LWR

makes a significant contribution to overall risk.

*Latent fatalities are defined as those occurring during the 30-year period
from 10 to 40 years after a core-disruptive accident.
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2.3 The CRBRP Risk Assessment

2.3.1 What is the CRBRP risk assessment, and why was it carried out?

The CRBRP risk assessment is a formal and systematic study of the risk from
highly improbable accidents in the CRBRP. It has been performed to place
that risk in perspective with other societal risks and to provide a common
basis for comparison between the CRBRP risk and the risks associated with
previously licensed and operating nuclear power plants.

2.3.2 How is risk defined?

Risk has been defined as the probability, per year of reactor operation, that
residents surrounding the CRBRP site will experience consequences arising
from potential accidents in the CRBRP. The concept of risk involves both the
likelihood that some events will occur and the consequences of the occurrence
of such events. The following consequences were considered in the CRBRP risk
assessment:

early death,

respiratory impairment,
development of thyroid nodules,
fatal latent cancer.

O O0OO0o

2.3.3 Was this study specifically performed for the CRBRP, or can the results
be applied more generally?

The study was performed specifically for the 380-MWe CRBRP. It is site-
specific in that actual weather and population data for the area surrounding
the Clinch River site were used to assess the potential consequences of
highly improbable accidents. Since the study was conducted only for the
CRBRP at its particular site, specific results cannot be directly applied to
other breeders. The general results can be used, however, for comparative
purposes to gauge the risk from an LMFBR in relation to other societal
risks.

2.3.4 Since the CRBRP design has not yet been finalized, is the risk
assessment meaningful?

Yes, because the design is sufficiently developed to allow a meaningful risk
assessment. All systems that are significant to plant safety have been
described in the Preliminary Safety Analysis Report. Additional design
documents and supporting information were also available. When design
details were not available, conservative evaluations were made on the basis
of reliability consistent with the performance of existing nuclear plants.
Moreover, studies indicated that minor changes in design details or assumptions
will not significantly affect the results of this assessment. The risk
assessment should be viewed as a continuing effort that can be revised as
more details of the design become available, as more is learned about LMFBRs,
and as experience is gained in building and operating the CRBRP.
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Because the study has been carried out with the CRBRP still in the design
stage, two distinct benefits can be realized: The possibility exists for
significant feedback into the design, which can further reduce reactor
accident risks; and the risk assessment will be useful to help focus on
important areas for further LMFBR safety research.

2.3.5 How does this study compare with the Rasmussen study on present
Tight-water reactors (WASH-1400)7?

The CRBRP risk assessment was patterned after NASH-1400.1 Although there
are important differences between it and WASH-1400, many of the methods and
much of the information developed for WASH-1400 are applicable to the CRBRP

study. To introduce risk assessment experience gained in the WASH-1400 study,
key participants in that study were employed as consultants and reviewers

for the CRBRP study.

Some important differences between the CRBRP risk

assessment and WASH-1400 are summarized in Table C-2.

Table C-2

Comparison of CRBRP Risk Assessment and WASH-1400.

CRBRP Risk Assessment WASH-1400
Number of 1 100
reactors
Type of Liquid-metal fast breeder Light-water reactor*
reactor reactor (LMFBR) (LWR)
Reactor 380 megawatts electric (MWe) 1000 MWe

power rating

Location of
reactors

Status of
reactors

Duration of
the study

On the Clinch River at Oak
Ridge, Tennessee

In the final design stage;
construction not yet started

10 months

At six composite sites
representative of LWR
sites throughout the
United States

More than 60 commercial
LWRs are operating in the
United States, 7 of which
have a power rating of
1000 MWe or greater

3 years

*Includes both pressurized-water reactors and boiling-water reactors.
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Table C-2 indicates that care must be exercised in drawing conclusions

from comparative results of the two studies. It also indicates that the
CRBRP risk assessment results must be regarded as more preliminary than the
WASH-1400 results, since the CRBRP is still in the design stage but a large
number of LWRs are operational.

2.3.6 Who performed the study and how long did it take?

The CRBRP risk assessme