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ABSTRACT Department of Energy [DOE]; the regulatory
mind-set that exists today; the public's perception

This paper explores the issue of regulations of "nuclear" items in general; and the needs of
as they apply to current and future fusion the futurecustomerforfusion power plants.
experimental machines. It addresses fusion
regulatory issues, current regulations used for A. Safety and Environment
fusion, the Tokamak Fusion Test Reactor
[TFTR] experience with regulations, and future Environmental benefits and public safety is
regulations to achieve fusion's safety and the promise and a vital goal of fusion. If fusion
environmental potential, does not meet this goal, it will not be viewed as a

viable option for generating electricity. Fusion
I. INTRODUCTION has significant differences from fission. One is

the method of fueling. In a fission reactor, fissile
Fusion has the potential to supply a limitless material sufficient for nine or more months of

amount of energy in the next century. A major operation, is stored in the reactor vessel.
research effort must be performed to accomplish Criticality control must be maintained. In fusion
this goal. If designed correctly, fusion will create devices, fissile material is not used and criticality
little waste since it combines isotopes of is not applicable. In order for the fusion reaction
hydrogen to form helium and a neutron, to take place, controlled and difficult to achieve

conditions must be maintained. These conditions
Regulations have played a significant role in include a magnetic field, high vacuum and an

the development of commercial nuclear power, extremely small amount of fuel. If one of these
The same will be true as fusion power is parameters is not maintained, then the reaction is
developed and deployed. However, due to the stopped. Another example is the difference in
significant differences between fusion and radionuclide inventories. Fission, by its nature,
fission, a separate set of rules applicable to results in long-lived, highly radioactive fission
fusion, should be developed and codified. This products. In fusion facilities, radionuclide
paper addresses: fusion regulation issues; current inventories will be dominated by tritium that
regulations; the TFFR experience with existing collects on the internal structures and activation
regulations; and future regulations, products in the structures from the neutrons

released in the reaction. Fusion activation
II. FUSION REGULATIONS ISSUES products will be primarily in the solid form and

not easily mobilized except in an extreme
There are issues which affect regulations accident scenario. There are also differences in

applied to fusion machines. These include: safety the relative biological risks of the radioisotopes,
and environmental aspects; previous experiences because no fission products [e.g., radioactive
of the commercial nuclear business and the actinides and noble gases], or plutonium are
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associated with the fusion pi'ocess and tritium is C. Regulatory Mind-Set
much less radio-toxic than fission products.

In regulating new technology, it is important
Compared to other generating facilities [i.e., not to simply follow the practices of previous

fossil fuels], releases to the environment due to technologies. In the past, commercial fission
fusion operations will be significantly less, since power plants have suffered from regulatory
the byproduct of the reaction is helium. Using ratcheting. An example of this is Nuclear
low activation materials, the decommissioning of Regulatory Commission [NRC] Regulatory
this type of facility will also be achievable with Guides, which are meant to suggest ways to
little environmental impact. These safety and comply with NRC regulations. Although not
environmental benefits are the reason for making mandatory, most utilities took the approach
fusion power a commercial reality, specified in the guide rather than have a new

method accepted [more cost effective]. This
B. Previous Experiences same type of action occurs in the DOE system.

As an example, the Radiological Control Manual
Fission facilities have had a number of is being imposed as a requirement on all DOE

occurrences which left an indelible imprint on facilities even though radiological protection
the public. Everyone is familiar with the Three rules are specified in the Code of Federal
Mile Island [TMI] accident and Chernobyl. At Regulations.
TMI, the potential release scenario led to fear in
the public and government officials. Partial Many individuals who worked in the
evacuations were instituted as a result. At commercial power business, including
Chernobyl, evacuations were required and plant regulators, are now in the DOE. Most have
fire fighters suffered severe radiation effects, significant experience in the fission rules. Based
including death. Even though the design of upon this experience, some attempt to apply the
United States commercial reactors is very fission rules to fusion devices because there are
different than Chernobyl, these events as well as no specific fusion requirements. If fusion were to
others, have led to changes in the industry and use the existing rules for fission power plants, it
have convinced the public of the "dangers" of would be regulated into systems and processes
this technology, which will not add value but would be viewed as

"necessary" due to this past practice and mind-
Information released over the last ten years set. Fusion reactors need to be designed to be

regarding environmental releases and safety safe and environmentally benign. If they are, the
lapses at DOE facilities have provided an image rules for fusion devices can be simplified
to the public and congress which is less than compared to fission reactors.
desirable. These problems have created a lack of
trust with the public and a skepticism which is The regulatory mind-set of DOE over the last
evident in the populations surrounding many four years has been one of strict compliance.
DOE facilities. In order to change the culture in There is some indication that this is changing.
DOE, a series of review teams were dispatched Compliance is necessary and required for the
to many of the DOE sites. These Tiger Teams laws and regulations which cover fusion devices.
were introduced to comprehensively review the However, many other requirements such as best
DOE systems and to assure that the various sites management practices, have been imposed by the
improve the management of safety, health and DOE. The regulators tend to treat all
the environment. These groups emphasized requirements with the same level of importance,
compliance to requirements and best when in fact, the best management practices and
management practices. Most of the DOE sites are DOE requirements should be viewed in the
still implementing corrective actions based upon performance mode. As an example, the
these Tiger Team reports. In addition, DOE has Radiological Control Manual is imposed as a
issued many new nuclear safety requirements to requirement regardless of the performance or
address the past practices and congress has hazard level of the facility. This requires
established the Defense Facilities Nuclear Safety additional actions even though they are not true
Board [DFNSB]. require,_ents, and may not add value to the end

product.



' a utility, must meet the economic and risk criteria
D. Public Percep,i, n established by a utility's board of directors.

Public perception is one of the most The ability to license a generating unit is a
important success factors for fusion. If future critical success factor. The current nuclear fission
fusion facilities do not meet the public's real and licensing system is complex and has caused
perceived needs, then fusion will not succeed, many delays in the building of power plants. Any

board of directors for a utility will take a very
The public has developed perceptions of conservative position to building a new

"nuclear" power plants over the years based upon generating facility, especially if it is the "first of
events which have heightened the fear of this a kind" with an unproven track record. Unless the
technology [e.g., TMI, Chernobyl]. This fear regulations provide a clear, unambiguous path to
however is dependent upon the technology that is license a fusion power plant, the economic
being judged by the public. Other types of uncertainty will be too great for any utility. The
facilities, which can be just as hazardous, are not economic risk associated with building a power
viewed in the same light. As an example, plant requires that millions, if not billions, of
chemical plants have caused significant number dollars be borrowed to finance the design and
of deaths when a chemical was inadvertently construction of a generating station. Public
released [i.e., Bhopal] or major evacuations when utilities commissions review utility's decisions to
a chemical tank car on a train has derailed. Even assure that they acted in a "prudent manner". If
with this type of potential hazard, the public does the utility cannot prove it acted prudently, that
not perceive the risk to be as dangerous as a money is excluded from the rate base and the
nuclear power plant. As a result, nuclear power utility stock holders must suffer the
plants are the only facilities requiring planned consequences. Many utilities building
evacuations by the Code of Federal Regulations. commercial nuclear power plants had significant
Other facilities,[i.e., chemical plants] do not portions of the construction costs excluded from
require these elaborate plans even though the their rate bases, since the associated regulations
hazards may be just as [or more] dangerous, were not clear, simple and easily interpreted.
Unless fusion is perceived by the public to be
different [i.e., less hazardous] from fission, Fusion, when commercially available, must
fusion will not succeed, be competitive with other forms of energy

available at that time on a cost per kilowatt hour
The public is concerned about the use of basis. Over the next twenty to thirty years, the

nuclear materials and the waste products that are cost of electricity will probably rise. Commercial
produced. It is important that the unique fission plants will eventually be decommissioned
differences between fusion and fission are [they will have exceeded their life cycle]. New
apparent to the public. It is also important that facilities will have to be constructed to maintain
present and future fusion devices be viewed as, the economic viability of the United States. If the
and prove, the environmental and safety benefits cost of a fusion facility is not competitive, then
that fusion offers, other sources of energy will be used and fusion

will not be considered a viable option.
The public is also concerned with the cost of

any new generating plant. Cost of electricity has Reliability of a power plant is another
risen in the past and will probably rise in the success factor. If a plant is not available, it
future. The public has been effective in cannot produce electricity and therefore cannot
convincing public utilities commissions to generate revenues for the utility. Current
question the utility's costs. This oversight assures experimental fusion facilities are complex due to
that only the most effective means of generating the ongoing research. However, these
power will be considered for future projects, experimental devices can be engineered to

operate with high reliability. Each system
E. Utility Needs required for operations adds to the complexity of

the machine and the potential for reduced
Utilities are the potential customers of fusion availability. In the future, fusion power plants

generating plants. Fusion, in order to be viable to



must be engineered to a'ssure the required requirements specified in DOE Orders and
_eliability. Standards for nuclear facilities has increased

dramatically, with many of the items reflecting
Finally, fusion must be looked upon by the NRC requirements.

public as an acceptable method for generating
electricity. If the public is not convinced this is a Since the DOE has many different types of
good, if not the best, method of generating reactors, facilities and experimental devices, the
power, then the utility will have difficulty siting term "graded approach" is used in the
and building the unit. As a result, designers and requirements. This allows flexibility based upon
researchers must address the perceived as well as the facility, the hazard and risk, and the mission
the real issues as viewed by the public, of that particular project. The approach is noble;

however, the implementation has been very
III. CURRENT REGULATIONS difficult. The interpretation of the gradation leads

to many questions and explanations. Depending
Regulations will impact fusion facilities as it on the reviewers' past experiences, significant

has fission power plants. Since fission power disagreements can occur, introducing potential
plants were introduced, the amount of regulation cost and schedule delays into the process.
associated with them has continued to increase.
This can be seen with the growth of regulations IV. TFTR REGULATION EXPERIENCES
as well as other documents published by the
NRC. The rise in requirements can be seen in TFTR is the largest tokamak in the United
regulatory guides, information bulletins and States. It is one of two machines in the world
notices, and items required for safety analysis capable of using tritium as a fuel. Experimenters
reports. The growth of requirements was propose and conduct specific experiments with
significant after the Three Mile Island accident in the assistance of a technical staff. Diagnostics
March of 1979. It was after this accident that measure the experimental parameters during the
new requirements, such as evacuation plans for reaction which occurs in the "magnetic bottle".
the public were introduced. After the accident, As many as 100 deuterium experiments can be
there were many re-interpretations of the rules conducted over a two shift operation in one day.
which were imposed upon power plants. This is Over a three year period, TFTR prepared for
an example of the regulatory ratcheting invoked tritium operations. In addition to physical design
by the NRC. Since the cost of not completing changes, many regulatory issues needed to be
and operating a plant far exceeded the cost of defined and addressed before tritium operation
complying with the ratcheting process, utilities began. Once tritium operations commenced, a
usually complied with the requests, world record for fusion power was achieved in

December of 1993. TFTR increased the record to
As a result of the regulatory changes in the 9 megawatts of fusion power in May 1994. The

commercial facilities, the regulations became previous world record was established at 1.7
more complex as the plant went into operation, megawatts by the Joint European Toms [JET] in
This is also true of facilities in the DOE 1991.
complex. Rules, regulations and DOE Orders for
nuclear facilities have continued to expand and The navigation of the regulatory process has
grow, especially over the last six years, been a painful learning experience since clear,

specific safety regulations for fusion devices do
The DOE started a series of activities to not exist. The TFTR was designed in the late

improve nuclear safety by expanding the number 1970's and achieved first plasma in 1982. It was
of requirements via the DOE Order system. A originally designed to operate with tritium,
series of rules was proposed in the Code of however, operations used hydrogen and
Federal Regulations for nuclear safety. These deuterium until 1993. TFTR has achieved the
rules, some of which have been published, milestones established in the late 1970's and has
mimicked the rules established for the increased the availability of the machine through
commercial nuclear reactor facilities. The DOE administrative controls. Throughout the first ten
now has the ability to establish notices of years of operation, tritium operations was
violations and levy fines for violations. The canceled or put on hold and restarted no less than



three times, primarily due to Department of authorization basis. The DOE team evaluating
Energy funding issues. These delays resulted in the FSAR documented their report in the Safety
other regulatory requirements being imposed on Evaluation Report. The review resulted in the
the project [if the tritium operations had occurred one and only "safety class" system [stack
earlier, TFTR may not have had to comply with monitoring system] being down graded to a
the most recent round of regulatory requirements normal system. Although words were changed in
issued by DOE]. the FSAR as a result of this review, no hardware

changes were made to the facility.
A. Original Requirements

An Environmental Assessment was
TFTR is governed by the DOE regulations, developed for the tritium operations

In 1976 when the facility was designed, few modifications. This effort required more than two
DOE "nuclear" regulations were in place. The years, resolution of many questions, and public
Architect/Engineer used many codes, standards meetings. Interestingly, the publics' main concern
and rules from fission technology in designing was not with the radioactive materials being
and building the facility, since no other relevant used, but with the TFTR magnetic field
guidance was available. To support obtaining generated during an experiment.
approval to construct and operate TFTR, a
Preliminary and Final Safety Analysis Report In order to obtain permission from DOE to
[FSAR], environmental statement, and use tritium, TFTR defined the "authorization
operational safety requirements were developed, basis" for TFTR. This authorization basis

consists of the FSAR, the Environmental
TFTR underwent a series of operational Assessment and a supplement, the Technical

readiness reviews in 1982 to startup the facility. Safety Requirements and the Safety Evaluation
These reviews were performed by DOE Report generated by the DOE. The authorization
personnel. Once these reviews were completed, basis provides the operating envelope for the
usually by system, that part of the facility was TFFR using tritium. The authorization basis was
turned over to the TFTR Operations Division. required since the TFTR FSAR did not meet the
After the review, there was little followup on the requirements of the latest DOE order. After
actual operations of the facility, much discussion with the DOE reviewers it was

decided that it was not prudent to update the
B. 1991-1993 Requirements document with primarily format changes to

satisfy the requirement of the latest order.
Tritium-deuterium [D-T] experimepts

required that a number of documents be updated C. Operational Readiness Reviews
or created. These included the Environmental
Assessment, FSAR, Safety Evaluation Report, Due to the length of time taken in resolving
Technical Safety Requirements and an regulatory issues and the completion of systems
Authorization Basis. to support tritium operations, the Laboratory

decided to break the review process into two
In 1990, the review process for the TFTR distinct areas: a tritium systems test, and D-T

FSAR was initiated. Although TFTR has a operations. The tritium systems test was designed
design basis accident of 140 mrem [bounding to obtain a small amount of tritium [<1,000 Ci]
case] at the site boundary, primarily due to the to test the tritium delivery and cleanup systems.
small amount of tritium allowed on-site [with the These systems had been installed during the
site boundary only 130 meters from the stack], initial construction but had never been
the review was extensive and involved thousands commissioned. With permission to use tritium in
of man-hours answering the more than 400 these systems, _eak checking'and systems check
questions raised by the reviewers. The FSAR is out could be conducted before tritium
more than 1,000 pages long. Just this amount of experiments were begun. The second evaluation
information raised numerous questions which point was the changes made to the rest of the
needed to be addressed. It took a full two years facility to support full D-T operations.
before the FSAR was approved and then as only
one of the documents which made up the TFTR



D. Review Teams ' varying objectives. In many cases, the reviewers
had detailed fission experience which was not

No less than four distinct review teams always appropriate for a fusion device. The
participated in the evaluation of TFTR's differences between the TFTR and a nuclear
readiness reviews. First, the Laboratory reactor had to be explained in these cases. In
established teams to perform a self assessment as addition, the hazard level between a reactor and
work activities were completed. Typically, these TFTR was something that had to be stressed to
were personnel not directly responsible for the all reviewers. Second, many of the reviewers
work, who would evaluate whether the project focused on compliance issues vs. performance
was ready for the tritium operations. Secondly, because of the fear that another reviewer would
the Laboratory hired outside experts to conduct a be critical of that evaluation unless the issue was
formal Operational Readiness Review. cited. This lead to minor issues being listed in the
Individuals from industry and other National reports, requiting a response and action. With all
Laboratories were used to perform this of these issues being cited, it made it difficult to
evaluation. Third, the entire Laboratory review distinguish the real issues from the nits.
process was surveilled by the DOE Chicago
Operations Office and the DOE Princeton Area F. Success With Regulatory Requirements
Office. The Chicago Operations Office also
conducted an Operational Readiness Evaluation Many regulatory issues had to be addressed
[a new requirement instituted during the by the project. White papers and position papers
process]. Fourth, the Office of Nuclear Safety were generated to describe issues and resolutions
[ONS] and the Environment, Safety and Health to regulatory problems. This was a successful
Division of DOE Headquarters inspected the method in discussing and resolving the
entire review process. The Operational Readiness regulatory requirements. Four examples in which
Evaluation and the ONS visits were for the D-T the project took initiative to amend or obtain an
operations only. ONS conducted periodic exemption from a requirements are presented
inspections throughout the process and after below.
tritium was received on-site.

A study was performed by the National
E. Operational Readiness Review Results Oceanic and Atmospheric Administration for the

atmospheric diffusion of airflows in the vicinity
TFTR was given permission to bring tritium of TFTR. With this study, PPPL was able to

on-site for the tritium systems tests and then was establish that conditions affecting dispersion of
allowed to expand the scope into the full D-T airborne effluents from the TFTR facilities
operations after additional reviews. Permission significantly increased the dilution of those
was typically granted after certain punchlist effluents compared with the predictions of
items were addressed, standard models. This resulted in a much lower

projected close at the site boundary for a
With multiple review teams, great care was postulated airborne release accident [a factor of

given to scheduling the reviews. Whenever up to 16 less than the calculated models], and
possible, concurrent reviews were recommended allowed PPPL to ultimately eliminate the one
to the teams. This helped to reduce the number of safety system.
individual days the project was reviewed but it
did not reduce the number of reviewers. Each of Originally, an igloo shield was proposed for
the reviews lead to questions, suggestions, TFTR based upon models for radiation
findings and recommendations which had to be protection. By measuring the neutrons produced
addressed. All of the reviews lead to a significant during deuterium experiments, TFTR was able to
effort to answer, correct and track issues to prove that this additional ghielding was not
closure. Many of the issues raised did not have a required. As a result, a design and FSAR change
regulatory requirement to support them. was instituted eliminating the igloo.

The multiple review teams lead to a number In the FSAR, TFTR had committed to
of other issues. First was the wide variety of installing a tritium clean up system for the test
experience and judgment of the reviewers with cell. Due to the size of the test cell, a cleanup



system would have required'another building and reviewed. Many different reviewers, each with
over 10 million dollars. Using ALARA their own unique.bac.kground are involved with
principles and showing the low potential risk to reviews and _t is tmportant that the
the public [i.e., 140 mrem], TFTR was able to documentation be "bullet proof".
eliminate this commitment.

Fourth, management can easily be swamped
The NFPA codes call for fire dampers in with the compliance audit findings that are

ventilation systems between fire zones. Fire generated by the various review teams. It is not
dampers had never been provided for the TFTR easy to spot the few important criticisms which
test cell. Due to the size of the test cell and the will be important to the success of the project.
fire load, calculations indicated fire dampers TFTR has recovered from two occurrences
would not operate. With this information, DOE which were alluded to in observations. With
granted a waiver of the requirement since it was hindsight, these conditions could have been
not cost effective to implement a system which prevented had proper action been taken when the
would never work. observation was cited.

These examples required PPPL to work with Fifth, one must assure that personnel know
the regulators to change the commitment. Only what is expected by the regulator. Scientists
after a great deal of effort was TFTR allowed to conducting research on a nuclear facility do not
remove these commitments or obtain always have the same "culture" as the regulator.
exemptions. Many other cases were documented Each group needs to be working with the right
and approved as part of this process, level of documentation and expectations in order

for the project to succeed.
G. Lessons Learned

Finally, the requirements of fission power
There are many lessons learned from the plants will be imposed on fusion unless the

TFTR experience. First, the responsible fusion communityestablishesappropriatecodes
contractor [i.e., PPPL] must take the initiative to and standards for fusion. TFTR is safe primarily
address the regulatory requirements by proposing due to the limitation of tritium on-site. The JET
specific implementation plans. These plans facility conducted two tritium experiments in
should document exceptions to the requirements 1991 with <2,000 Ci of tritium. All of their
when there are differences between a fusion and tritium hardware was not operational, yet the
fission plant [i.e., criticality is not an issue for regulatory agency reviewed their proposal and
fusion]. Aggressive action is required to define approved the operations based upon the hazards
the requirements and negotiate them with the presented by that operation. This review was a
regulator in order to be successful, relatively simple process when compared to the

actions required of TFTR by the DOE. PPPL also
Second, one needs to be careful making investigated the possibility of receiving a NRC

commitments to the regulators. In several cases license to use tritium to conduct experiments.
PPPL committed to actions which could not be Although not allowed in the current system,
completed within the schedule and cost PPPL believes that the review process may have
constraints, and that were not necessary for been much shorter than the DOE process,
safety or environmental protection. It is critical primarily since TFTR would not have been
to establish a working relationship with the considered a "reactor" by the NRC. Future fusion
regulators and to understand the roles and power plants will not have the luxury of limiting
responsibilities of the regulator. Once this the tritium to such small levels and will have
relationship was established, cooperation with additional hazards. It becomes imperative to
the DOE was very good and PPPL was able to design and engineer fusion s_,stems so that they
negotiate changes to the requirements [though are inherently safe and do not pose the same
this was a long drawn out process], hazard level to the public as those for a

commercial nuclear power plant.
Third, the quality of the documentation is

critical and much more important than quantity.
The staff needs to know that everything will be
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V. FUTURE REGULATIONS devices. The standard must include a graded
approach since the hazards associated a fusion

Fusion must be different than fission to device, depends on its mission, design, and
succeed. If one were to adapt fusion to the radio,nuclide inventory.
existing fission regulations, the cost of building a
fusion device will probably not be competitive. Multiple requirements, such as in the current
With changing DOE requirements and DOE system, do not necessarily make a safer
interpretations which are usually conservative, facility. In fact, numerous requirements may
fusion will not be perceived as a viable option, divert management attention from real safety
The public and utilities are looking for facilities issues. That is why this standard, if it can be
which do not have the same difficulties as a prudently developed, approved and issued, will
fission reactor. Fusion must prove its safety and be critical to fusion's success. It is important that
environmental benefits so that regulations can be the standard provide the right requirements
specific to the unique aspects of fusion, which must be met so as to carry out the goal of

making fusion a success. The standard must also
One way of helping fusion is to develop define that the other requirements for fission

specific requirements for fusion devices, reactors are not applicable, so that management
Although the commercial design of a fusion can concentrate on those items which will
reactor is not known now, bounding conditions achieve safety for the public and worker, and
can be estimated and general guidelines environmental protection.
established for fusion experiments. As more
information becomes known, the requirements VI. CONCLUSION
can be molded to reflect the latest information
and research data. As fusion devices develop and become a

commercial reality, the fusion standard will be
Other facilities have been successful in improved and codified. If the requirements can

defining specific requirements for their facilities, be maintaiaed in a simple cost effective manner,
The accelerator community is a good example, then fusion has the potential to be competitive
They have developed, and DOE has issued, the with other energy generating methods.
DOE order which limits the applicability of
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