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ABSTRACT The U.S. Nuclear Regulatory Commission prepared cost-benefit 
analyses in support of the proposed regulation on radiological criteria for 
decommissioning. These analyses have been published in the Draft Generic 
Environmental Impact Statement (GEIS), NUREG-1496, and in the Draft 
Regulatory Analysis (RA). The method used was to first list the reasonable 
regulatory alternatives that could be considered. Second, for each 
regulatory alternative, we analyzed and compared the costs and the 
incremental radiological and non-radiological impacts to workers and members 
of the public. 

The regulatory alternatives for unrestricted use of a site that were 
analyzed and compared were: no regulatory change; a uniform risk based on 
total effective dose equivalent (TEDE); use of "best" available technology; 
and returning the level of radioactivity attributable to licensed activity 
to background levels. We also considered the combination of remediation and 
restricting the use of the site following decommissioning. 

The analyses were performed for ten types of reference facilities, and 
each facility was evaluated at low, medium, and high levels of 
contamination. The reference facilities included: reactors; various 
uranium and non-fuel cycle facilities; and independent spent fuel storage 
installations. The levels of contamination were estimated on the basis of 
available data and included surface contamination on structures and soil, 
activated concrete, and also volumetric soil contamination. 

Since both the radiological and non-radiological benefits were 
considered, the benefits of the various alternatives were measured in terms 
of "Estimated Mortalities Averted." Exposures to workers during 
decommissioning and the public after decommissioning were combined with 
industrial and transportation accidents, weighted by the appropriate risk 
factors. This estimate replaced the collective dose calculation as would 
be calculated in more traditional analyses. 

Costs were estimated on the basis of removal of surfaces from 
reference structures, soil removal and costs of radiological surveys and 
measurements. Transportation and disposal costs of removed concrete and 
soil were also included. 

Conclusions supported by the analyses were that a risk limit, 
expressed as a 15 mrem/y dose, is reasonable both as a level for protecting 
public health and safety and with regard to its cost-benefit effects. 
Further reductions on a site-specific application of the ALARA principle are 
also supported in the context of accounting for both the radiological and 
non-radiological effects in both the short and long terms. Restricted 
release is also supported when the same level of protection is provided in 
decommissioning those facilities that cannot reasonably meet the 
unrestricted release criteria. 
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INTRODUCTION The U.S. Nuclear Regulatory Commission (NRC) is required by 
law, the National Environmental Policy Act, to consider the effects of 
major, new regulations on the environment. The analysis for the proposed 
regulation on radiological criteria for decommissioning has been published 
as a two volume draft report, entitled, "Generic Environmental Impact 
Statement in Support of Rulemaking on Radiological Criteria for 
Decommissioning of NRC-Licensed Nuclear Facilities," (NUREG-1496, August 
1994)(GEIS). The GEIS first listed the reasonable alternatives for 
regulatory approaches. Then for each type of reference facility to be 
decommissioned, the environmental effects were analyzed on human health and 
safety, specifically, radiation exposure resulting from occupancy of site 
buildings and residence on site lands after license termination, and 
radiation exposure during decommissioning and waste transport. In addition, 
non-radiological impacts on humans, biology, economics, society, and land 
use were considered. The results of these analyses are presented. 

REGULATORY ALTERNATIVES The five broad categories of regulatory 
alternatives that were considered were: no regulatory change; a uniform risk 
limit; use of "best" available technology; return the site to background 
levels; and restricted use of the site. 

"No regulatory change" as an alternative means that the NRC would continue 
to decommission sites on the basis of existing practices and policies on a 
case-by-case basis or make a regulation stating those existing practices and 
policies. This alternative was rejected and not analyzed in detail because 
the criteria are inconsistent and have not been reassessed in light of 
changes in radiation protection standards since the existing practices and 
policies were established. 

The "risk limit" alternative was expressed in terms of Total Effective Dose 
Equivalent (TEDE) radiation dose and included a provision for implementation 
of the ALARA principle to achieve doses below that limit. The costs and 
benefits for this alternative were analyzed in detail as described below for 
residual dose levels of 100, 60, 30, 10, 3, 1, 0.3, 0.1, and 0.03 mrem 
TEDE/year distinguishable from background. 

The "best effort" alternative implies that a site would be released for 
unrestricted use only if the residual radioactivity cannot be removed or 
measured using the best available technology. This alternative is clearly 
technology driven and could lead to unequal levels of protection from site 
to site and from time to time. It is not clear which technology would be 
considered best. In some cases, the application of the best technology from 
a radiological point of view could cause more harm than good to the 
environment. 

"Return to background" would require the removal of all radioactivity 
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attributable to licensed activities. While it is desirable to reduce 
residual radioactivity to a level indistinguishable from background, it 
would be extremely difficult as a practical matter to demonstrate that such 
an objective had been met. Evaluation of this alternative included 
extrapolating the results of the analysis for the risk limit alternative 
discussed above. 

The "restricted use" alternative means that specific radiation exposure 
pathways would be prevented by institutional controls. For example, a 
special, local law could prohibit farming on a decommissioned site. 

AFFECTED ENVIRONMENTS For the generic analysis, reference facilities 
considered to be sufficiently representative of those licensed by the NRC 
were described. The reference facilities were: reactors—power, research, 
and test; uranium fuel fabrication plant; UF6 production plant; uranium mill 
facility; independent spent fuel storage facility; sealed source 
manufacturer; research and development facility; and a rare metal extraction 
facility. Concrete in structures and soils, as appropriate for each type 
of reference facility, were assumed to be contaminated with one or more of 
the following reference radionuclides: Co-60, Sr-90, Cs-137, natural 
uranium, or thorium in equilibrium with its progeny. The environment for 
each of these facility types was considered with respect to impacts on human 
health and safety, biology, physical resources, and socioeconomic factors. 
Only the human health and safety impacts were quantitatively analyzed—the 
remainder were qualitatively considered. ' 

BENEFITS The incremental benefits of the decommissioning alternatives were 
estimated by quantitatively analyzing the potential mortalities that could 
be averted by decontamination to various residual radiation dose levels. 
Potential mortalities from both radiological and non-radiological causes 
were combined in the analysis. The radiological causes of potential 
mortalities that were analyzed were radiation exposures of: persons 
performing decontamination and decommissioning work on site before the 
license is terminated; persons living on the site after decommissioning; 
persons working on the site after decommissioning; and persons (both workers 
and the public) exposed to radiation during the transport of waste to 
licensed disposal sites. Non-radiological causes of potential mortalities 
were: industrial accidents during the decommissioning work; and 
transportation accidents of decommissioning workers and of the public 
associated with the transport of radioactive waste to a licensed disposal 
facility. Even though the amount of time between the injury and death can 
be assumed to be quite different for radiological and non-radiological 
causes, combining the potential mortalities provided a common basis for 
comparison between different types of facilities. Dose conversion factors 
and scenarios used in the analyses were consistent with those from the 
screening pathway modeling described in, "Residual Radioactive Contamination 
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From Decommissioning," (NUREG/CR-5512). 

COSTS Each type of facility was analyzed using the assumptions that the 
soil at each facility was contaminated in the "high, "medium," or "low" 
range as judged from limited data and expert opinion. For each of these 
three cases and for each of the ten facility types, costs were estimated 
for: radiological characterization surveys; cleaning, removal, packaging, 
transportation, and disposal of concrete, other building materials, and 
soil; and final radiation surveys. The costs included estimates of both the 
direct labor to decontaminate and the administrative costs during removal 
of materials and soil, and also costs of materials used in the 
decommissioning process and the costs of transportation and disposal of 
wastes. The costs for radiation measurements were estimated in a similar 
manner and were consistent with the methods described in the "Manual for 
Conducting Radiological Surveys in Support of License Termination" 
(NUREG/CR-5849). 

COMPARISON OF COSTS AND BENEFITS The results of the analyses were compared 
to a baseline of 100 mrem TEDE/year to the average individual in the 
critical group exposed to residual radioactivity at the decommissioned 
facility. The baseline dose rate, 100 mrem TEDE/year, was chosen because 
it is consistent with the 100 mrem/year dose limit for members of the public 
in NRC regulations. Thus, as the least restrictive regulatory alternative 
to consider, each site would have to decontaminate to 100 mrem/year or less. 
The benefits of requiring more restrictive decontamination were expressed 
in terms of estimated mortalities averted compared to 100 mrem/year. The 
costs for reaching the residual radiation dose levels listed above were 
evaluated for each reference facility at different contamination levels. 

The results of the analyses varied according to the type of facility 
examined. As examples, for power reactors the benefit versus cost curve was 
almost a step-function. For a sealed source manufacturer the curve was 
increasingly more sloping and at low annual residual radiation doses leveled 
to almost no benefit gained for additional cost. For the independent spent 
fuel storage installation, the transportation and industrial accidents 
dominated the benefits when residual radiation doses were lower than 10 
mrem/year. The optimum annual dose for all facilities was in the same 
general range, namely, 15 mrem/year. Examples of the results are shown in 
the Figures from Chapter 7 of the GEIS as extracted for this paper. 

PRELIMINARY RECOMMENDATIONS As a result of these analyses preliminary 
recommendations were made in the GEIS that used characteristics of several 
of the alternatives. A dose limit of 15 mrem/year was recommended for the 
following reasons. The 15 mrem/year is a fraction of the public dose limit 
recommended by the International Commission on Radiation Protection and the 
National Council on Radiation Protection (U.S.) which is 100 mrem/year above 
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background from all non-medical sources. The potential for radiation 
exposure to the public from multiple sources implies that the dose from a 
single source should be a fraction of the overall limit. The incremental 
risk of a radiation-caused mortality at 15 mrem/year is roughly 4X10"* per 
lifetime, and is in the same range established by the U.S. Environmental 
Protection Agency for the "Superfund" cleanups. The overall optimal limit, 
based on a cost of benefits analysis and considering all reference 
facilities, is roughly 15 mrem/year. 

The analyses of costs compared to benefits also indicate that some specific 
facilities may be able to decontaminate to levels lower than 15 mrem/year 
with minimal additional costs. Thus, the preliminary recommendation 
includes a requirement for ALARA levels below the 15 mrem/year limit. It 
is recognized that the ideal objective is to return the radiological 
condition of the site to a condition that is indistinguishable from 
background, however, ALARA implementation is expected to yield a range of 
doses from indistinguishable from background to 15 mrem/year. 

Some sites may not be able to be decontaminated to a 15 mrem/year level 
without causing more harm than good to the environment or public health or 
incurring a prohibitively large cost. For these sites restricted release 
is a reasonable option provided that: the site is decontaminated to a level 
not expected to cause more than 100 mrem/year even if there were no 
restrictions; with institutional controls and restrictions in place the 
expected dose would be no more than 15 mrem/year; and that ALARA be 
implemented to reduce the predicted dose. 

Figure 1. Estimated Averted Mortality and Additional Cost 

Attributed to Reducing Residual Dose Rate Below 100 mrem/y 
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