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"his report provides documentation for a database and a set of computer
programs used to evaluate the property-related costs of a severe accident at a
nuc Cear power plant.  The database, which was compiled largely through inter-
views with knowleageable persons both in the public and private sectors,
cunsists of the costs, physical inputs, rates and contaminant removal effi-
Trencyes of @ Jarge number of decontamination procedures. The computer
programs utilize thys database along with information specific to the con-
taminated site. The output of the program consists of detailed information
that yncludes the least costly method for effectively decontaminating each
surface at the site, various types of property losses associated with the
contamination, the time at which each subarea within the site should be decon-
tamirated to minimize these property losses, the collective dose to radiation
workers, the costs for surveying and monitoring activities, the costs to
dispose of the radiuvlogical waste generated during cleanup, and the guantity
of various ‘vues of labor and equipment necessary to carry out the indicated
decontamination program. The capabilities of these computer codes and the
assccriated database are demonstrated with a sequence of hypothetical accident
scenaryos at the Indian Point reactor site in New York State.

111
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EXFCUTIVE SUMMARY

This repart 15 an extensive revisior ~f an earlier report, Off-Site
Consequences of Radiological Accidents: Methods, Costs, and Schedules for
Decontamination, (NUREG/CR-3413 1985). The earlier report, produced by the
Pachrt1c Northwest Laboratary (PNL) for the United States Nuclear Regulatory
Commissior: (NRC), was motivated by the accident at Three Mile Island, which
focused 1ncreased attention by the public and by regulators on the off-site
consequences of severe radiological accidents. Since that report was pub-
lisne¢, the much more serious Chernobyl accident took place in April, 1986.
Thi1s accrdent, near Kiev in the Soviet Union, has had international repercus-
s1ons and has raised interest in reactor accident consequences and site res-
toratiron rssues.

Une of the major findings of PNL's earlier research on rad >logical
accrdent consequences was that decontamination costs and property losses
resulting from a severe accident could easily run i1nto the billions of doi-
lars, accounting for the majority of the off-site accident costs. Prior to
PNL's research into these i1ssues, only very limited means were available for
assessing these costs. In addition, these earlier estimates made little use
of site-specific information, and 1t seemed likely that decontamination costs
and property losses should be sensitive to site-specific factors, such as the
Yand use of the affected property and its value. A final concern was that the
evaluation of the decontamination costs was based on approximations of the
cost to decontaminate just a few types of property.

Irn view of the apparent shortcomings of these evaluation technigues and
the major contribution of decontamination costs and property losses to acci-
dent risk, PNL's original research effort was undertaken. At the beginning of
this effort, a search was conducted to determine the type of information that
was available on decontamination procedures. It soon became clear that infor-
mation on well-documented procedures for decontaminating various materials was
very 1imited. Some tests had been done with respect to active products from
nuciear weapons, but these results were not completely applicable, due to
substantial drfferences in the nature of the contaminants. There were also
documented procedures for using very powerful, but also very costly, techni-
ques to decontaminate laboratory facilities and cother small areas. However,
because of the relatively high costs of these preocedures and the specialized
equipment used, they would be totally 1nappropriate for restoring an area of
severa! hundred or several thousand square miles.
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brom these findings, several objeclives were tarmalated to guide the

rat N "'\u\f, . 'hl".t' wet e,
e to tollect intarmatron from both published and unpublished
sources relating to decontaminatiyon procedures and to iden-
tity the (rrcumstances favorable to the application ot each.

e to develop sutfichient information to describe the relation-
ship  between the physical inputs and the output of a pro-
dJuctron technique. This permits the types of manpower and
equipment required to carry out the decontamination efforts
to be 1dentified. Additionally, acquiring the costs of
these 1nputs allows the cost of applying each of the proce-
dures to be specified.

e to develop a methodology that uses data commonly available
by political subdivision and that facilitates mapping these
data to the area elements of any type of accident grid.
Without such a methodology, the difficulty of adapting pub-
lished data to a useful analytical framework can be a major
disincentive to using site-specific information.

® to develop a computer program to evaluate decontamination
and other property-related costs attributable to the acci-
dent. The program was also to have the capability to con-
sider and evaluate a variety of cost-reducing site restora-
tion strategies.

In meeting these objectives, PNL developed three major resources to
evaluate off-site accident consequences and to develop site-restoration strat-
egies. These were: 1) a Reference Database; 2) a set of procedures and analy-
tical tools for preparing a Site vatabase; and 3) a computer program, called
DECON, that would utilize the information in the two databases to produce the
desired analyses.

The Reference Database contains information on applying decontamination
methods to surfaces. Currently, 457 methods have been defined for use on 30

different surfaces, of which about 100 methods and 8 surfaces have been added

since our original report. For each method, the Reference Database includes
the foilowing information:

e the cost of applying each method

e the efficiency with which the exposure level to an indivi-
dual is reduced

vi
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e the rate at which the method is applied

e the quantity and type of labor required

e the quantity and type of equipment required

e the quantity and type of major materials reguired

e the costs for labor, equipment, fuel and materials

e the quantity of contaminated material requiring disposal

A1l of these data are contained in computer fiies. In addition, the
sources from whom the information was obtained have been compiled and are
included in Appendix C to facilitate updating of this database.

The second resource consists of procedures and analytical tools for
preparing a Site Database. This resource facilitates the use of site-specific
information. Two computer programs are available for this purpose. One,
called SD-INPUT, is user-friendly; it produces menus and prompts the user for
all of the site data required to conduct an analysis. However, this program
will not map data from, say, political subdivisions to grid elements. SOD-

INPUT 1s particularly useful for smaller accidents which do not span several
townships or counties.

The second program, called JR-GRID, is less user-friendly than SD-INPUT.
However, it does allow the user to rely primarily on published data sources,
since 1t will map data to grid elements. For this reason, IR-GRID may be more
useful than SD-INPUT if the radiological accident extends over several town-
ships or counties, thus facilitating the use of published data. IR-GRID also

produces estimates of evacuation costs and temporary and permanent relocation
costs, which SD-INPUT does not.

Both SD-INPUT and IR-GRID assemble the site-specific data into a form
that can be used directly by DECON.

Other software tools are also provided as a part of the Site Database
resource. These include programs for 1) plotting isopleths on a map of the
accident site; 2) computing the dose at almost any point within the accident
si1te; and 3) generating a set of dose-related information required by DECON
tor accidents in which radioactive decay and weathering can affect site res-
toration decisions.
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The third resource is called DECON, the computer program for actually
pertorming the site restoration analysis,  This program has been designed to
fac1litate the planning of site restoration activities as well as to provide
estimates of decontamination costs and other property losses. The structure
and tedatures of DECON are described 'n this report, and its capabilities are
demonstrated by applyiyng 1t to several hypothetical radiological accidents at
the Indyan Point site in New York State.

Among the intormation produced by DECON are the following:

® the cost-eftective decontamination method used on each
surface

® the rate at which the decontamination method 15 applied
e the types of labor used by the method

e the types of equipment used by the method

® the major materials required

e the efficiency of the method in reducing inhalation or
external dose

e the collective dose to radiation workers
® the dose commitment from exposure to decontaminated surfaces

® the year to decontaminate each grid element in order to
minimize total property losses

® potential social benefits from a government buy-out of con-
taminated property.

The capabilities of DECON include evaluating strategies 1) to prohibit
specific operations on selected surfaces, 2) to require prespecified methods
on selected surfaces, 3) to evaluate the tradeoff between cleanup standards
and other variables, such as latent cancer fatalities, decontamination costs,
property losses, radiological waste generated, etc., 4) to transport radiolog-
ical wastes to disposal areas at different distances from the site or to an
on-site disposal pit, 5) to impose different cleanup standards and/or restric-
tions on subareas within the accident site, and 6) to impose different cleanup
standards on different surfaces according to the expected level of health risk
posed by the surface. These capabilities can be used alone or in combination
to explore a virtually unlimited number of cleanup strategies.

vili
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by firehosing (standard nozzle), Initial mass loading
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equal 5 g/fth ..o Lo oL 0oL oo e .
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by firehosing (standard nozzie). Initial mass loading
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by mechanized flushing (three consecutive passes). Imitial
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¥l K-8 Decontamination of roughly textured asphalt (or cencrete}

by “vacuumized" sweeper. Initial mass loading
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