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ABSTRACT

Nuclear power provides the world with an impor-
tant option for generating electricity. To
successfully and safely utilize this power,
engineering and environmental factors should be
carefully considered throughout a nuclear power
plant project, especially during the planning
stages. This paper discusses the major environ-
mental aspects of a nuclear power plant project
from site selection to retirement. During the
site selection process, both engineering and
environmental resources must be identified and
evaluated. Environmental resources include
areas that support agricultural or aquatic
commercial activities, habitats for commercial
or endangered species, population centers,
transportation systems, and recreational
areas. Also, during the site selection process,
the potential impacts of both construction anci
operating activities must be considered. In
addition to the area actually disturbed by
construction, construction activities also
affect local services, such as transportation
systems, housing, school systems, and other
social services. Since nuclear power plants use
a "clean fuel," generally the most significant
operating activity having a potential environ-
mental impact is the discharge of cooling
water. The potential effect of this discharge
on commercial activities and sensitive habitats
should be thoroughly evaluated. Lastly, the
method of decommissioning can affect long-range
land use planning and should therefore be con-
sidered during the planning process. With
appropriate planning, nuclear power plants can
be constructed and operated with minimum en-
vironmental impact.

INTRODUCTION

Based on today's knowledge of the inter-
relationships of world environmental systems,
each major nuclear power plant project can be
approached with the clear understanding that
along with providing significant benefits, the
project can have serious and long-term adverse

impacts on the environment. Years of successful
experience have also shown that if appropriate
precautions are taken, major projects of any
type can be constructed and operated with
minimum adverse environmental impact. In this
respect, nuclear power generation is similar to
other major activities such as railroad and
highway construction, steel production, and
urban development. Nuclear power provides the
world with an important option for generating
electricity - an option that minimizes the use
of renewable resources and therefore provi-des an
economical method of producing electricity in
regions that do not have access to sufficient
quantities of fossil fuels or hydroelectric po-
tential. In addition to these benefits of using
nuclear power, the effects of construction,
operation, decommissioning, and, if a broad view
is taken, mining, fuel processing, and waste
storage must be considered. While all these
areas are taken into account when deciding
whether to pursue nuclear power, this paper
focuses on the environmental aspects associated
with the construction, operation, and decommis-
sioning of a specific nuclear power plant.

CONSTRUCTION ACTIVITY IMPACTS

The construction of a nuclear power plant
affects the environment in two ways. First, the
actual area of the power plant is disturbed and
altered by the construction activities. Second,
the surrounding area and communities are
affected by the influx of construction workers,
transportation of construction materials, and
construction support activities that take place
outside the actual power plant construction
area. In addition, changes in the environment
of the power plant site can affect other areas;
for example, they can alter stream routing and
migration paths. In order to evaluate the
potential environmental effects from construc-
tion of a large nuclear power plant, the
environmental setting of the power plant site
and the construction activities, both direct and
indirect, must be understood.
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Environmental Setting

Both natural habitats and human activities
make up the environmental setting. Natural
habitats include terrestrial features such as
forests, prairies, and grasslands, and aquatic
resources such as oceans, rivers, streams, wet-
lands, and estuaries. Human activities include
all the activities men and women pursue in
economic endeavors or recreation. Of particular
importance are areas of habitation such as
cities, villages, parks, and -lilitary bases.
Also included are activities associated with
natural resource production, such as work con-
ducted at oil and gas welts or mines, and »-ith
timber production, transportation systems, and
agriculture and aquaculture. Understanding the
environmental setting of the power plant is
important because the construction of the facil-
ity removes the land from its current use and
dedicates it to power plant activities for the
next 40 years.

To understand the environmental setting of
the power plant site, baseline environmental
studies must be conducted. Thase studies cuver
a broad range of environmental, cultural, and
socioeconomic aspects. Current and projected
land use must be identified. Land use identifi-
cation includes agriculture and aquaculture use,
planned urban development, recreational use,
current and planned transportation systems
including highways and airports, and dedicated
wildlife refuge areas. Land use must be
projected over the 40-year life of the power
plant; such long-term projections are necessary
to ensure that the plant will continue to be a
compatible part of overall land use planning.
Closely related to land use evaluations are
demographic analyses. Population centers and
population distribution near the power plant
site must be identified today and projected over
the life of the power plant. Again, the objec-
tive of analyzing population projections is to
ensure that the power plant remains a compatible
part of the overall land usa planning. In
addition to current human activities, the power
plant site area must be evaluated for its poten-
tial archaeological significance. The objective
of archaeological studies is to ensure that the
siting and construction of the nuclear pouer
plant will not inadvertently destroy areas of
significant archaeological" importance. The
presence of archaeologically important areas at
or near the power plant site does not neces-
sarily prevent the construction of the plant nor
does it mean the loss of archaeological informa-
tion if the plant is constructed. Experience at
many projects in the United States and through-
out the world has demonstrated that with proper
excavation and recovery procedures, important
archaeological information can be retrieved from
a site without hindering construction of a
project.

In addition to identifying and understand-

ing man's activities, • dent ification of the
ilora ana isuna of the site is necessary. The
extent of these studies depends on the degree of
change that occurs normally in the area through-
out the year. In areas of the world where there
.ire distinct season: in which different flora
and fauna are present, data must be collected in
each season. In areas where the environment
remains relatively stable through the year, one
sampling period may be appropriate. The data
collection studies should not be limited to
species inhabitat ing the site area but should
also include species that migrate through the
area. Identifying the presence, if any, of
migratory species is important because the
disruption of migratory stopping places or
routes may have significant adverse impacts on
the species. For annual species, especially
aquatic species, the baseline studies need to
identify in which stage of their life cycles any
present species are. This information is impor-
tart becsvse the potential impact on a species
will vary with the maturity of the species. For
example, juvenile fish could be more adversely
affected by cooling water intake systems than
.idulc fish. Therefore, if juvenile fish are
present in large numbers, special intake struc-
ture designs may be necessary. Once all the
baseline studies have been completed and the
environmental setting has been identified, the
potential impacts of construction activities can
be evaluated and mitigated.

Land Use

The two most significant environmental
aspects of the construction of a nuclear power
plant are the removal of the site from its
current land use function and the social and
economic disruption in the surrounding communi-
ties due to the influx of construction workers
and heavy equipment. A typical nuclear power
plant, consisting of two 1000-MW units utilizing
cooling towers or once-through river or ocean
cooling, would require approximately 50 to 100
acres for actual power plant site and construc-
tion activities. In addition, an additional
1000 acres are typically dedicated to the power
plant site. If this much acreage is removed
from sensitive habitats, especially breeding
grounds for already threatened or endangered
species, significant adverse impacts to the
natural environment can be expected. Similarly,
if this acreage is removed from prime agricul-
tural or mineral production areas, significant
adverse socioeconomic impacts can be expected.
The land that can be affected is not limited to
the actual land used for the power plant site.
The presence of a nuclear power plant will
affect the land use and land use planning for
several miles. The large construction workforce
will require new housing, schools, roads, and
support services such as restaurants. The
availability of electric power and possibly
steam may attract other industries to the
area. Several transmission line routes will be

301



constructed in the surrounding ares. Minimizing
these impacts must be dealt with at the early
planning stages.

Social and Economic Environment

The construction of a nuclear power plant
requires a large number of both skilled and
unskilled laborers. Although the exact size of
the construction workforce will depend on spe-
cific project schedules and construction tech-
niques, the construction workforce will number
several thousand over an extended period. For a
typical nuclear power plant consisting of two
1000-MW units, the construction period may last
6 t ) 8 years and the construction workforce may
average 3000 to 4000, with peak construction
activities requiring as many as 8000 workers.
If the power plant site is located in a remote
area away from large concentrations of available
workers, the majority of workers may require
temporary living quarters near the pler.t sits
throughout the construction period. Even if the
site is located near a large labor pool, a
significant number of construction workers may
still relocate near the site. Available housing
is probably the most critical resource that
incoming workers and their families will
require. Developing an appropriate plan to
house construction workers early in the power
plant planning process can go a long way toward
ensuring minimal adverse impact on the surround-
ing community. Whether the plan involves erec-
tion of a temporary "construction town" or
allowing local housing resources to meet the new
housing needs, the plan must be communicated
early to the surrounding community and potential
construction workers. In addition to housing,
transportation systems, school systems, police
and fire protection services, sanitary systems,
and other support services will have to be
increased. The rapid development of rural areas
can result in a "boom town" environment.
Construction vorkers who will be living in the
area for a short period of 2 to 4 years will not
have the same interest in maintaining the assets
of the community. Care must be taken to ensure
that after the construction period, the
community will remain a good place for permanent
residence. Again, developing an appropriate
plan early in the project planning process and
communicating that plan to local community
officials and construction workers can ensure
minimal social and economic disruption. The
major objective of housing and support service
planning should be to meet the needs of the con-
struction workers without overly straining local
resources and in such a way that orderly transi-
tions are accommodated as the construction force
increases and decreases.

Cultural Resources

Archaeological and historical sites,
recreational resources, religious facilities,
and burial grounds and other tribal lands are
included in the concept of cultural resources.

Construction of a nuclear powap plant can have
an impact on these types of cultural resources
in two ways. First, c construction activity can
directly disturb the important cultural
resources. Second, a construction activity can
indirectly affect them by inhibiting access to
them or by causing overcrowding due to the
influx of construction workers. Minimizing
impacts on cultural resources requires an early
identification of these resources and the
development of construction plans that minimize
both the direct impact on them and the disrup-
tion of access to them. Mitigating impacts
resulting from the influx of construction
workers may require expanding certain types of
cultural resources such as parks or other
recreational areas. Early planning and communi-
cation of the plans to local communities and
construction workers provide the most effective
way to mitigate the impacts.

As with most environmental aspeccs, habi-
tats can be directly or indirectly affected by
construction activities. The most direct and
severest impact is the replacement of the
natural habitat uy power plant structures and
other facilities such as access roads and park-
ing lots. For these areas, the impact on the
habitat and species that formerly used the
habitat are obvious. However, because the area
actually occupied by construction activities and
power plant facilities is small, the effect is
minimal. Indirect impacts have the potential to
be more far-reaching and adverse. For example,
the presence of power plant structures may
divide a sensitive habitat into two areas.
Although the areas may be left intact, their
reduced size and a physical barrier between them
may sufficiently reduce the suitability of the
entire area for certain activities. In addi-
tion, most environmental systems operate in a
sequential manner: i.e., small streams flow into
small rivers, which flow into large rivers,
which flow into oceans. Construction of a
nuclear power plant in a sensitive watershed
area can have a domino effect on the rest of the
watershed ecosystem. For example, diversion of
a small watershed may result in significant
ecological changes, including loss of breeding
habitat, in areas where the water had previously
flowed.

Since most of both the direct and indirect
adverse impacts to habitat are related to the
current habitat of the site, the siting process
is the most appropriate part of the project in
which to mitigate adverse environmental
impacts. However, protection of sensitive
habitats from construction activities does not
end with proper site selection. Actual con-
struction practices significantly affect the
extent to which local habitats are impacted.
Proper construction techniques, the most impor-
tant being those relating to rainfall runoff
from the construction area, can significantly
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reduce otherwise severe adverse environmental
impacts.

Agriculture and Aquaculture

Prime farmland and aquaculture areas are as
important to the human environment as sensitive
natural habitats. During the site evaluation
process, current agriculture and aquaculture
activities are identified. In addition, soil
characteristics should be evaluated to determine
the area's potential for agriculture or aquacul-
ture activities. Construction activity will
directly disturb the site, with its building
structures, material laydown areas, construction
parking lots, and access roads. If construction
takes place at several locations throughout the
site, the entire site may not be usable for
agriculture or aquaculture activities during
construction. However, after construction has
been completed, large areas on the site may be
suitable for agriculture or aquaculture activi-
ties. To utilize some of the site area for
these activities during operation, the site must
be developed to provide independent areas to the
agriculture/aquaculture areas and the basic
suitability of the land must be preserved during
construction. Construction of a nuclear power
plant in or near these areas must be done with
the same careful planning as that used for con-
struction in sensitive habitats. The actual
area disturbed by construction activities should
be minimized, and care should be taken to mini-
mize secondary effects, particularly rainfall
runoff resulting from damaging adjacent agricul-
ture or aquaculture areas.

Site Preparation and Equipment Delivery

Most of the construction-related impacts to
the environment occur during the site prepara-
tion activity. The physical site boundaries are
established so that they segregate the site from
the surrounding environment. The habitats with-
in the site area are disrupted. As previously
discussed, the construction of a nuclear power
plant requires several thousand workers. In
addition, dozens of pieces of heavy equipment
and hundreds of tons of materials must be
brought to the site. The first type of equip-
ment required is large earthmcving equipment for
site preparation. Large areas of the site must
be prepared for the power plant structures,
temporary construction buildings, material
laydown areas, access roads, and parking lots.
This preparation involves clearing and cut and
fill activity to level the site and provide a
foundation appropriate for the type of struc-
tures that will be created. Fill material may
be moved to the power block area from other
areas of the site or from other locations.
Depending on the need for fill material in the
power block and other plant areas, substantial
areas of the site may be disturbed. The cleared
areas particularly are a potential source for
adverse environmental impact because of possible

rainfall runoff. Uncontrolled rainfall runoff
from recently cleared areas can cause signifi-
cant damage to offsite areas. The construction
program, particularly during the early stages of
site preparation, should include adequate con-
trol of rainfall runoff.

After the site has been prepared, addi-
tional heavy equipment and material are de-
livered to the site. Material deliveries are a
constant activity throughout most of the con-
struction period.. The transportation methods
should be carefully planned to minimize impacts
on the local transportation system. The largest
delivery will be the nuclear steam supply system
(NSSS). Delivery of the NSSS may require con-
struction of a temporary railroad, dock, or road
facility. Also, bridges or other existing
transportation aspects may require modifications
to accommodate the NSSS. •

OPERATION IMPACTS

One of the greatest benefits of nuclear
power is the minimal impact it has on the
environment during plant operation. Nuclear
power plants in general emit no air pollutants
and generate only minimal volumes of waste.
However, like all power plants, nuclear power
plants have thermal discharges. In addition,
because of their operating temperatures, nuclear
power plants discharge larger quantities of
heated cooling water than do fossil-fueled power
plants. Mitigating the impact of the plant's
thermal discharge is the only significant
environmental protection activity required as a
result of the operation of a nuclear power
plant. The degree of mitigation required
depends on the type of cooling system designed
for the power plant. For once-through cooling
systems, the most effective mitigation activity
occurs during the site selection process. Areas
used by important fish or shellfish species as
breeding grounds or as necessary migation paths
to breeding grounds should be avoided. In
addition, areas important for commercial fishing
should be avoided. Also, intake and discharge
structures designed to ensure minimal impinge-
ment during intake and maximum mixing during
discharge can mitigate potential adverse
environmental impacts. If necessary, further
mitigation of thermal discharge impacts can be
achieved through the use of cooling towers. The
addition of cooling towers to the power plant
design will reduce the amount of makeup intake
water required and will reduce the amount of
heated water discharged. Cooling towers
redirect the dissipation of heat from the power
plant cycle from the nearby river or ocean to
the atmosphere. This redirection of heat dissi-
pation reduces thermal impacts on aquatic
species. In general, the use of cooling towers
does not result in the substitution of one
potential environmental problem for another.
However, cooling towers do require more land and
do have an impact on the overall efficiency of
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ehe power plane. Since cooling r.v«rä sre not
needed at all slues, they should be evaluated on
a case-by-case basis.

OECCMMI?SIOKTVC IM?ACTS

After the useful life of a nuclear power
plant has b-?er. expended, the plant is decommis-
sioned. The potential environmental impacts
depend on the type ot decommissioning method
utilized. Today there aro five gensrally
recognized methods of decommissioning: moth-
balling, entombing, prompt removal and disman-
tling, mothballing/delayed removal and
dismantling, combination, and •".ntombmenv /delayed
rerao"al end dismantling combination.

Mothballing places the station in state of
protected storage. In general, the station is
Left intact; however, ail fuel assemblies and
radioactive fluids and wastes are removed.
Adequate environi-ientai. surveiLiarxe, radiation
monitoring, and appropriate security procedures
are established. Access to the site is con-
trolled, .-ibnorrr.al occurrences are' reported,
activity logs are maintained, and status reports
can be submitted to the appropriate regulatory
agencies.

Entombing involves the shipping cf all fuel
assemblies, radioactive fluids and waste, and
selected station components off the site for
disposal. Following the removal of these radio-
active materials, all other highly radioactive
or contaminated components within the power
plant are sealed within a biological shield.
The sealed station structure provides a barrier
that remains intact for the period when signi-
ficant quantities of radioactivity remain within
the entombed plant. Appropriate environmental
monitoring and access control are required.

Prompt removal and dismantling involves the
removal from the site of all fuel assemblies,
radioactive fuels ar.d waste, and other materials
having levels of radioactivity high enough to
require restrictive access. After all such
radioactive materials have been removed from the
site, nonradioactive structures may be removed,
allowing the site to be used for other purposes.

Mothballing or entombment followed by
delayed removal and dismantling requires that
access to the station be restricted during the
mothballing or entombment period. Following the
delayed removal and dismantling of radioactive
material and other structures, the site may be
used for other purposes.

If mothballing or entombment is the
selected method of decommissioning, the environ-
mental impacts would be the same as those from
an operating plant, except for the absence of
thermal discharge. The power plant structures
could be maintained in their operating appear-
ance; thus there would be no change in visual

impsct. Since access to the power plant site
would be restricted because of radioactive mate-
rial, the presence of the power plant structures
-..'Ould continue to have an impact on land use.
If removal and dismantling (either prompt or de-
layed) arc the decommissioning options, the power
plant site would be available for other land use
activities; therefore, there would be no perti-
nent environmental impacts at the power plant
site area.

TRANSMISSION LINE IMPACTS

Several transmission lines will be required
to deliver the power from the nuclear plant to
the load centers. These transmission lines may
be a few miles or a hundred miles or more in
length, depending on the distance of the plant
from the load center. Near the plant site, the
transmission lines will be built through an
environmental setting that is similar to that of
the power plant site. The potential impacts of
the first few miles of transmission lines would
be similar to those associated with the plant
itself. However, as the lines move farther from
the plant, the environment may change signifi-
cantly; therefore, the potential for adverse
environmental impacts may increase or decrease
significantly. Fcr example, the environment may
change from a pristine environment to an agri-
cultural environment to a populated area. The

rotential of adverse impacts could change from a
loss of sensitive wildlife habitat to disruption
of farming 01 aquaculture activities to dis-
placement of people.

In addition to the physical presence of the
transmission lines, the method used to construct
them will affect the degree of environmental
impact. Clear cutting the entire right-of-way
creates an area in which transmission lines can
be constructed most easily. However, in sensi-
tive habitats, less clearing may provide an area
that is appropriate for transmission line con-
struction while still reducing potential adverse
impacts.

The transmission line tower structures
occupy a very small area of the transmission
line right-of-way. During construction, areas
excavated for tower structures should be exam-
ined for archaeological significance. If some
significant areas are identified, the area could
be completely excavated, or that particular
tower structure could be relocated. After con-
struction, the area under the transmission line
can be used for agriculture or aquaculture
activities. The only restriction on the use of
this area is the need to provide access to the
line for maintenance activity.

Although transmission lines are often
treated as separate projects from the power
plant, their potential environmental impact
should be considered as part of the power plant
project. Routed should be identified, and the
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same data collection programs ar.d analysis
should be applied to the transmission line cor-
ridors as are applied to the power plant site.
With this type of analysis and proper planning,
potential transmission line environmental
impacts, as. well as potential power plant
environmental impacts, can be minimized.

MITIGATION TECHNIQUES

Potential environmental impacts depend on
site location, construction methods, plant
design, and planning and communication. For a
nuclear power plant, the site selection process
is the most critical activity for ensuring maxi-
mum benefits with minimum adverse environmental
impacts. During the site selection process,
numerous engineering, environmental, and
economic factors must be identified, evaluated,
and integrated into a coherent project plan. A
number of alternative site locations should be
examined, and for each location, the critical
environmental resources, cultural resources, and
engineering features should be identified. Also
during this process, critical habitats and areas
important for human activities such as farming
can be avoided. The time and effort invested in
the site selection process will return signifi-
cant benefits during the design, construction,
and operation of the plant. During the con-
struction activities, techniques to minimize
clearing and to control rainfall runoff from
cleared areas should be used. Uncontrolled
rainfall runoff has the greatest potential for
significant adverse impact to the surrounding
area during construction. Appropriate construe"
tion techniques should be utilized not only in
the main power plant area but also in any areas
associated with construction, such as laydown
areas, parking lots, office areas, and temporary
housing, if applicable. Appropriate construc-
tion techniques should also be used on existing
facilities such as roads over which heavy equip-

ment will be delivered. Such ro£ds should be
examined and improved if necessary. During the
design of the plant, appropriate features to
mitigate adverse impacts can be incorporated.
Arrangement of plant facilities on the site,
intake and discharge structure designs, and use
of cooling towers are examples of mitigating
features. For activities involving socio-
economic aspects, the most effective measure to
mitigate adverse impacts is early planning and
communication with local officials. Housing
resources and requirements, transportation
methods, school, police, and fire needs, and
other support services are examples of areas
requiring early identification, planning, and
communication. In some cases, the power plant
project may provide financial support as an
appropriate method to mitigate impacts on local
communities.

SUMMARY

Using nuclear power for generating elec-
tricity is an important option in energy
planning throughout the world. However, as is
the case for all large projects, adverse
environmental impacts are possible unless
appropriate factors are considered. Land use,
habitats, cultural resources, socioeconomics,
housing, agriculture, aquaculture, population,
and transmission line routes are some of the
important environmental aspects that: must be
considered as part of a nuclear power plant
project. Nuclear power provides the ability to
generate electrical power in areas of the world
that lack sufficient natural resources for other
means of power generation. Nuclear power also
offers an environmentally safe method of gener-
ating electrical power, provided that appropri-
ate planning and mitigation techniques are
followed during the construction, operation, and
decommissioning of the plant.
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