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ABSTRACT

Inherent in the fusion program's transition
from hydrogen devices to commercial power
machines is a general increase in the size and
scope of succeeding projects. This growth will
lead to increased emphasis on safety, environ-
mental impact, and the external effects of
fusion in general, and of each new device in
particular. A critically important consideration
in this regard is site selection. The purpose
of this paper is to examine major siting issues
that may affect the economics, safety, and
environmental impact of fusion.

INTRODUCTION

It has been recently recognized that the
two main magnetic fusion programs are ready to
enter a new phase of development. This new
phase involves the production of an ignited
deuterium-tritium plasma. If successful, this
will lead to engineering lest reactors (ETR),
commercial demonstration reactors (DEMO), and
ultimately to the commercial development of
fusion as a power production industry.

As each new step is taken and as each new
facility is realized, site selection will
become an increasingly important issue. The
selection ox sites for these new-phase fusion
devices will have important economic, environ-
mental, and programmatic implications that must
be considered if fusion is to successfully
progress to commercial maturity.

While it is clear that the selection of
the best available site for a fusion device is
a desirable goal, it is not so clear which site
characteristics are more desirable and which
are less. No site c; n be expected to provide
the perfect cost-free environment and very few
sites are so inhospitable as to be completely
unacceptable. The vast majority of potential
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sites will have some desirable features and some
undesirable features that can be corrected.

Regulatory Issues

The regulations that will be applied to a
large fusion experiment or a commercial fusion
power plant will be based on the nature of the
hazards presented by its construction, opera-
tion, and decommissioning. Many of these
hazards are not unique to fusion. They include
possible environmental effects that would be of
concern to any major governmental or industrial
activity. The vast majority of these regulat-

' ions will be imposed in the form of permits and
approvals issued by agencies or other government
bodies that promulgate the regulations and
monitor compliance.

A second, more limited group of regulations
will be those that are relevant due to the
unique hazards associated with fusion. The
presence of tritium, radioactive activation
products, high-energy neutrons, large magnetic
fields, and radiofrequency fields could present
a danger to both the on-site worker and the
general public off-site. However, the actual
magnitude of any danger to people or the en-
vironment is dependent not only on the presence
of a hazardous substance but also on its acci-
dental or routine release.

Resulting from routine and accidental
radiation exposure, there are a number of
regulations that concern public health and
safety. This paper discusses the various
Federal regulations and assumes that they are
controlling. They include limits on radiological
exposure resulting from routine gaseous emission,
direct and indirect radiation, routine ezsmission
of liquid effluents, and accidental releases of
radiation.

The applicable standards for routine
releases require that the maximum probable
exposure to an individual from "all pathways"
should be limited to 500 mrem/y to the whole
body, gonads, and/or bone marrow, and 1 rea/y
to other organs.1 The maximum average dose to
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the local population is limited to 170 mrea/y
and S00 mrem/y, respectively. These values,
however, are the maximum allowable and should
be limited to as small a fraction of the maximum
allowable values as is reasonably achievable in
accordance with ALARA policy.

The new EPA standard for air emissions is
more strict and can be construed as "reasonably
achievable."2 It requires that the maximum
individual dose from gaseous emissions be below
25 mrem/y to the whole body and 75 mrem/y to
any specific organ. However, this draft regu-
lation has been controversial and may be revised
to be consistent with the preceding DOE and NRC
standards.

The maximum indirect or skyshine radiation
dose to the individual is not covered by the
EPA gaseous emission standard. It will, however,
impact the local environment and general public
to some degree and, therefore, it should be
included in the evaluation of routine releases.3

The applicable DOE regulation includes this
source in the "s.ll-pathways" criteria mentioned
previously.1

The regulations for liquid effluents are
included in the same 500 mrem/y to the whole
body in accordance with the "all-pathways"
wording of the regulation.1 The EPA regulation
is the drinking water standard that limits the
concentration to that which would produce a
whole body dose of 4 mrem/y.**

Public exposure to an accidental release
of radioactivity is assumed to be covered by
the Code of Federal Regulations, Title 10.5

It limits the integrated whole body dose to the
maximum exposed individual from the general
public to 25 rem to the whole body for any
credible accident. This is an upper limit, and
a prudent ALARA approach would establish design
goals significantly below this value.

The operation of a magnetic fusion facility
also involves the generation of magnetic and
radio frequency (rf) fields. While such a
facility would be designed to minimize electro-
magnetic interference (EMI) levels at the
facility's property line, the evaluation of
environmental EMI impacts will probably be
required in light of current trends.

Texas, California, and Vermont each adopted
the old ANSI power industry limit of 10 mW/cm2

across the rf spectrum to protect the general
population against electromagnetic fields, and
there is an effort in New Jersey to adopt the
ANSI standard also.6 In Massachusetts, there
exists public exposure limits over the range of
300 to 100 KHz.7 In the Massachusetts regula- .
tion, separate exposure limits are given for
magnetic fields, electric fields, and electro-
magnetic plane waves in free space. Some

counties and towns are also establishing environ-
mental limits for electromagnetic fields.6

The environmental and health effects of
exposure to rf fields and magnetic fields are
also discussed in "Background Information and
Technical Basis for Assessment of Environmental
Implications of Magnetic Fusion Energy."9

This document also indicates that no national
regulations exist at this time to provide
guidance on limiting exposure to the general
population.

Safety Issues

The operation of a large fusion reactor
will require tritium handling, produce high-
energy neutrons, and create radioactive activa-
tion products. These conditions will require
the imposition of safety criteria on certain
components) systems, and structures. Much of
this safety criteria will involve conplex
interactions between site characteristics and
project design. Such site characteristics as
geology, meteorology, isolation, and hydrology
will affect the probability of public exposure
to the preceding radiation sources and the cost
of features designed to mitigate these effects.

The following is a brief' discussion of the
important site-related safety issues for this
project.

Geology
bility of the accidental release of radioactive
substances, several structures and safety-
related systems will be required to satisfy
seismic criteria. This criteria will involve
the interaction of site-specific geologic
features with the structural design of certain
buildings and the mechanical design of safety-
related components.

Geological siting criteria are applied to
site selection to identify safe, geologically
suitable sites. Some of the sites have geologi-
cal characteristics that make them economically
more attractive for development. This is
because the natural site features are of higher
quality, and only a minimum of engineering
enhancement of these features is needed to
develop a site that meets all the technical and
safety requirements. Even though some sites
will possess characteristics that make them
economically more attractive, almost all sites
will be technically suitable.

A geologic fault by itself does not neces-
sarily constitute a threat to the selection of
a site. It is the nature and proximity of the
fault to the proposed site that are important.
Faults can be either active or inactive.
Active faults have the potential for displacing
foundation materials and generating ground
vibrations. No facility (nuclear or nonnuclear)
should be located on an active fault.



Ground vibrations associated with active
faults or other tectonic features will determine
the seismic design of the site. Generally
speaking and all other factors bsing equal,
project costs are proportional to seismicity.
However, the neutron and gaama shielding re-
quirements for a fusion reactor building will
partially overshadow this relationship.

The variety of geologic settings throughout
the country present a broad spectrum of geologic
conditions. Commonly referred to as geologic
hazards, geologic conditions or processes thsc
could seriously impact the siting of a new
facility are volcanoes, landslides, mass washing,
slumping, etc. Siting in areas prone to the
occurrence of hazardous geologic processes
requires a higher degree of geological/geo- .
technical engineering than would otherwise be
required.

The geologic setting and available founda-
tion materials are intimately related. A cur-
sory geologic evaluation of potential sites can
include a basic assessment of foundation
materials and conditions. Facility requirements
may dictate a high-quality rock foundation. If
so, sites would be identified that could meet
that criterion. If no facility foundation
requirements are imposed, then sites requiring
minimum foundation preparation should be sought.

Meteorology - The meteorological considera-
tions in siting can be divided into two general
categories. They are (1) evaluation of radio-
logical doses to the public from routine and
unscheduled releases of tritium and activation
products, inclusive of direct/indirect radiation
from neutrons and activated structures and
(2) evaluations of severe meteorological
phenomena such as tornadoes, hurricanes, floods,
and high winds in terms of the design of safety
systems and structures required to prevent or
mitigate radiological consequences of these
events.

Radiological dose considerations are an
important element in siting in terms of the
amount of land (distance from release to popula-
tion} required or limitation of radioactive
releases needed to comply with applicable dose
limits. These doses are usually evaluated by
means of atmospheric dispersion models similar
to those recommended by the NRC (or the equal;
i.e., EPA-AIRDOS Code).10

The evaluation of severe weather events
that affect the safety-related requirements for
buildings and component design is based on
historical climatic records at a station repre-
sentative of the site area. These evaluations
include estimates of tornado probabilities,
hurricane occurrence frequencies, design snow
and wind loads, and probable maxiaum precipita-
tion events for design flood determinations.

In addition, historical records at a repre-
sentative station are examined for record high •
temperatures and highest "fastest-mile" wind
speeds.

These natural phenomena will vary from
site to site, requiring different design measures
to protoct the plant from the effects of these
phenomena and ultimately reduce or mitigate
radiological releases that can affect the
public. However, severe weather phenomena
should not be a cajor deterring factor in
siting in most areas. Only the necessary
design features to mitigate releases will vary
depending on the site meteorology.

Isolation - The location of site and its
relationship to the surrounding general popula-
tion is clearly an important siting considera-
tion. For the most part, the relative isolation
required for the project will result fron the
interaction of applicable radiation standards,
the specific meteorology at a proposed site,
and the magnitude of the source of radiation
hazard.

A representative regulation for accidental
releases is DOE Order 5480.1A.11 It invokes
the requirements of 10 CFR 100. This regula-
tion describes criteria for the distribution of
the general population surrounding the facility.
The criteria are based upon an assessment of
the practical potential to remove or evacuate
the general public threatened by the accidental
release. It provides guidelines for an exclusion
zone, a low-population zone, and a minimum
population center distance. The exclusion zone
is the area immediately surrounding the facility
that is so close as to preclude the reasonable
possibility of evacuation before exposure to
the accidental release. The low-population
zone is the area surrounding the exclusion zone
whose distance from the facility is sufficient
to allow a reasonable possibility of evacuation
or some other mitigation measure to be imple-
mented prior to exposure to the accidental
release. Finally, the population center distance
is a limit on the proximity of large population
concentrations that are not easily evacuated.

Hydrology - During site selection, the
hydrology of a proposed site should be evaluated;
general hydrogeologic evaluation can be accom-
plished by reviewing published geologic/hydro-
geologic data. Hydrogeological evaluation
should include aquifer identification and
characteristics and ground water which are
important considerations for foundation evalua-
tion and constructability of the proposed site.

Areas prone to flooding should be avoided.
The 100-year floodplain and the probable maximum
flood level should be considered in this regard.



Environmental Issues

A fusion project, as with any industrial
activity, can be expected to produce environ-
mental impacts. The actual site selection
process will require the preparation of an
Environmental Impact Statement in which many
environmental issues will be evaluated.1-2 The
items that follow are an indication of those
environmental issues which could clearly limit
a potential site.

Ecology - Ecological siting considerations
focus on the anticipated impacts of construction
and operation of the plant on terrestrial and
aquatic communities. The prime terrestrial
and aquatic siting considerations would be
(1) habitat removal or alteration, and (2) sub-
sequent changes in populations of important
species utilizing this habitat.

Ecologically, the most desirable location
is an area of low ecological productivity. For
terrestrial biota, agricultural land under mono-
culture practices is a suitable location since
these areas generally provide the minimum of
habitat (food and cover) for wildlife species.
Pioneer or early successional stage areas are
also more favorable for development than climax
or disclimax successional stage areas. Mature
successional communities are usually high in
biomass, species diversity, and are ecologically
more stable. Also, these communities are more
valuable in terms of the amount of time it would
take to replace them.

For aquatic biota, the most desirable
location of intake and discharge structures
are areas not used by resident or anadromous
species for spawning and rearing. Similarly,
the placement of discharge structures should
ensure that the thermal plume, however small,
does not obstruct passage of migratory fish
en route to and from spawning grounds.

The Endangered Species Act of 1975, amended
1979, provides protection for species of ter-
restrial and aquatic plants and animals in
danger of extinction throughout all or a portion
of their geographic range.'-3 Thus, a major
siting consideration for a plant is the presence
of endangered, threatened, or otherwise important
species or their critical habitat. Areas that
support endangered, threatened, or unique flora
and/or fauna should thus be deferred from
consideration as potential sites.

In addition, public and private reserves,
refuges, sanctuaries, management areas, or wild
and scenic rivers are not desirable locations
for development because these areas serve to
protect and conserve wildlife in their habitat.
Similarly, areas that receive heavy utilization
by fish and wildlife should be avoided wherever

possible. These areas include najor migratory
pathways, overwintering sites, or breeding
colonies.

An additional siting consideration for
terrestrial and aquatic communities is that of
environmental stresses. Water bodies with num-
erous dams or municipal/industrial effluents may
be considered less desirable for development if
thermal or chemical effluents already exert
stress on local or migratory populations.

Water availability - Surface water bodies
with high-quality water acceptable for water
supply uses after disinfection may be classified
for drinking water supplies. State regulations
may prohibit thermal discharge and place strin-
gent limitations on other discharges to these
water bodies, thereby essentially precluding
the discharge of heated water or treated wastes
resulting from plant operations.

The minimum stream flow requirement should
be considered for both the withdrawal and dis-
charge. The minimum stream flow required can be
determined by relating evaporation and with-
drawal rates to existing or planned competing
consumptive uses and to potential effects on
entrainment of aquatic organisms. It shall also
be determined by considering water availability
for dilution of blowdown from the closed-cycle
cooling system. The required minimum stream
flaw for dilution of blowdown will depend on
temperature rise over the ambient teraperature,
concentration factor for the cooling system,
allowable temperature increase outside of the
mixing zone, and the required zone of passage
for drifting organisms. The higher of the two
needs from the withdrawal or the discharge
governs the minimum stream flow requirement.

Land use - Siting considerations in the
category of land use involve compatibility and
avoidance of valuable resources. To prevent or
minimize the potential for negative impacts on
neighboring land uses and property values,
consideration should be given to the type,
value, and uniqueness of the surrounding land
resources to the local community. Locations on
or adjacent to Federal or state parks, historic
archaeological or cultural resources, or major
residential areas should be excluded from
consideration whenever possible. Preferred
sites would also avoid areas containing hazard-
ous activities (e.g., blasting) because of the
potential threat they cause to the productive
operation of the plant.

Noise - Consideration should be given to
the noise generated by the station [mechanical-
draft cooling tower, station ventilation, trans-
formers, and other exterior noise sources) to
assure that property line noise levels at poten-
tial sites meet Federal and local noise criteria.
Noise is more likely to be a problem at smaller
sites with nearby residences.



Construction Phase Issues

Accessibility - The construction of the
project will involve a large number of people
from the various labor crafts. It is desirable
that a site be located within commuting distance
of a major population center. This eliminates
the need to provide temporary housing and other
amenities to support a large construction work
force in a remote area.

Land accessibility by road and railroad
will be an important consideration in the site
selection process. To avoid the costs associated
with road improvement, it is preferred that
sites be located with good access to interstate
or state highways. Access between the site and
highways should avoid travel through neighbor-
hoods when possible in order to avoid safety
concerns for children along the roads. In
addition, to minimize the amount of truck traffic
on local connector roads, water and/or rail
access are preferred for delivery of construc-
tion materials.

The weight and size of some equipment is
beyond the capacity and clearance limits of
highway and railroad transportation: most
notably magnetic field coils and the removable
shield sectors. Therefore, it is desirable that
a barge-unloading facility on a navigable
waterway be available near the site.

Labor cost and productivity - Significant
variations in labor cost and productivity exist
between various sections of the country. Areas
with lower labor rates and higher productivity
will enjoy an economic advantage over areas with
higher rates and lower productivity, which will
be reflected in cost savings reportable during
the site selection process.

Operational Phase Issues

Power - Nonpower-producing fusion experi-
ments and fusion power plants during startup
will require substantial quantities of electri-
cal power. Power-producing reactors will de-
liver power to the utility grid. In either
case, there will be costs associated with
running the high-voltage transmission lines
that will be attributable to the site. These
costs, as well as the cost of electric power
to run a nonpower-producing facility, will
impact the site selection process.

Water - The major medium for cooling,
decontamination, and numerous other process
systems is water. It is assumed that the
ultimate heat sink will be mechanical, forced-
draft cooling towers. The water recirculated in
these towers is subject to losses from evapo-
ration and drift. It is the makeup required to
replace these losses that is expected to be the
major operating demand for water at the site.

Technically, there are no limitations on
the distance and height that make up water can
be pumped from the water source to a site.
However, lengthy make up and blowdown pipe' do
result in increased costs, both capital and
operating, and incremental environmental impact
consideration. The distance and elevation
above the water source to the planned plant
cooling water system and potential crossing of
pipeline through sensitive areas such as wet-
land should be considered for capital cost,
pumping operation cost, and potential environ-
mental impacts to help differentiate potential
sites.

Waste - The operation of this project will
produce radioactive by-products, most of which
will constitute waste requiring safe disposal.
Most of the radioactivity generated will be
retained in the first wall, shield, structure,
or nearby ancilliary equipment in the form of
activation products. A small fraction of the
radioactivity is associated with wastes from
various processing systems designed to minimize
radioactivity in the plant effluent streams,
miscellaneous items such as mops, swabs, and
clothing used in maintenance operations, and
wastes generated by tritium handling.

It is this latter quantity of radioactivity
that will be routinely processed, packaged, and
disposed during the operating life. This
quantity of waste will require disposal at
sites licensed for that purpose in accordance
with 10 CFR Part 61.1<I The former, much larger,
quantity of radioactivity will remain on site
during the operating life.

The cost of this type of waste disposal is
dependent upon the quantity generated, its
activity level, and the distance from the dis-
posal site. The quantity of waste generated and
its associated activity level are site-inde-
pendent factors. Hoi ever, the distance from the
authorized disposal site, as well as any local
restrictions on shipment of radioactive waste,
is attributable to the specific site. These
factors will increase operating costs and will
be subject to evaluation during the site-selec-
tion process.

A final important consideration regarding
the location of a potential site is the Low-
Level Ratioactive Waste Policy Act of 1980.15

Through the passage of thi_ Act, Congress has
urged all the states to form interstate regional
compacts to ensure the existence of sufficient
facilities for the disposal of each region's
low-level radioactive waste. The Act stipulates
that as of January 1, 1986, those states with
compacts ratified by Congress can bar wastes
from outside their regions. Although several
compacts have been submitted to Congress, none
have been approved yet, and many states and
regions have yet to reach agreement prior to
submitting a compact to Congress for approval.



A potential site located in an area that
does not comply with the Policy Act could be
barred from shipping low-level waste to a
licensed facility. However, since no compact
has been approved by Congress thus far, it is
not certain which potential site areas are
clearly acceptable. The compact regions of the
Northwest, Southeast, and Rock/ Mountains
appear to be the most likely for approval due
to the prior existence of licensed disposal
facilities, and they have already submitted
their compacts to Congress for approval.

Decommissioning Phase Issues

After the useful life of the project, it
will be necessary to dismantle many components
and prepare them for disposal. The degree of
dismantling will depend on the future use of
the site. At present, Regulatory Guide 1.86 is
the principal guide in specifying acceptable
options for decommissioning.16 It, or some-
thing similar, will be applied. These options
include mothballing, dismantling, entombment,
and conversion.

All the dismantlement options require that
the radioactive components and materials util-
ized be packaged and disposed in accordance
with Federal standards. This will again result
in site-dependent cost and disposal facility
availability issues that should be factored
into the site-selection process in a manner
similar to the operational phase waste issue.
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