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quantifiable in terms of safety or monetary equivalent. If this is the case, such values and impacts should be treated by 
other attributes and not included under this attribute. On the other hand, if potential values from the assessments are diffi
cult to identify or are otherwise not easily quantified, then they should be addressed under this attribute. 

5.5.14 Regulatory Efficiency 

This attribute attempts to measure regulatory and compliance improvements resulting from the proposed action. These 
may include changes in industry reporting requirements and the NRC's inspection and review efforts, Achieving consis
tency with international standards groups may also improve regulatory efficiency for both the NRC and the groups, This 
attribute is qualitative in nature. 

In some instances, changes in regulatory efficiency may be quantifiable, in which case the improvements should be 
accounted for under other attributes, such as NRC implementation or industry operation, Regulatory efficiency actions 
that are not quantifiable should be addressed under this attribute. 

5.5.15 Antitrust Considerations 

The NRC has a legislative mandate under the Atomic Energy Act to uphold U,S, antitrust laws, This qualitative attribute 
is included to account for antitrust considerations for those proposed actions that have the potential to allow violation of the 
antitrust laws, 

If antitrust considerations are involved, and it is determined that antitrust laws could be violated, then the proposed action 
must be reconsidered and, if necessary, redefined to preclude such violation. If antitrust laws would not be violated, then 
evaluation of the action may proceed based on other attributes. The decision as to whether antitrust laws could be violated 
must rely on a criterion of reasonable likelihood, since it is difficult to 'anticipate the consequences of a regulatory action 
with absolute certainty. 

5.5.16 Safeguards and Security Considerations 

The NRC ~as a legislative mandate to mainlain the common defense and security and to protect and safeguard national 
security information in its regulatory actions. This attribute includes such considerations. 

In applying this attribute, it must be determined whether the 'existing level of safeguards and s~curity is adequate and what 
effect the proposed action has on achieving an adequate level of safeguards and security. If the effect of the proposed 
action on safeguards and security is quantifiable, then this effect should be included. among the quantitative attributes. 
Otherwise the contribution of the action will be evaluated in a qualitative ~ and treated under this attribute. 

5.5.17 Environmental Considerations 

Section 102(2) of the National Environmental Policy Act (NEPA) requires federal agencies to take various steps to 
enhance environmental dedsion·making. NRC's procedures for implementing NEPA are set forth in 10 CFR Part 51. 
Many of the NRC's regulatory actions are handled through use of a generic or programmatic environmental impact state
ment (EIS), environmental assessment (EA), or categorical exclusion. If these vehicles are used, no further consideration 
is required in a regulatory analysis covering the same subject matter as the environmental document, although a summary 
of the most salient results of the environmental analysis should be included. Otherwise, an evaluation of the action with 
respect [0 its impact on the environment is required. Such an evaluation is usually handled. separately from the value~ 
impact analysis described in this Handbook. It could be the case that mitigation or other measures resulting from the 
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environmental review may result in cost increases that should be accounted for in the regulatory analysis. Alternatives 
examined in an EIS or EA should correspond as closely as possible to the alternatives examined in the corresponding 
regulatory analysis. 

5.S.18 Other Considerations· 

The above set of attributes is believed to be reasonably comprehensive for most value-impact analyses. It is recognized 
that any particular analysis may also identify attributes unique to itself. Any such attributes should be appropriately 
described and factored into the analysis. 

5.6 Quantification of Change in Accident Frequency 

As expressed in this Handbook, Ihe tenn "accident" should be viewed generally as an unplanned occurrence which 
potentially releases radioactive materials, applicable to both power reactor and non-reactor facilities. Discussions in this 
section assume familiarity with the concepts of risk as related to the nuclear industry, as well as knowledge of event- and 
fault-tree tenninology. The reader unfamiliar with these conceptS or in need of review is directed to existing risk 
assessments or such standard references as the PRA Procedures Guide (NRC 1983a) and the Fault Tree Handbook 
(Vesely et al. 1981). The NRC formally endorsed the use of PRA melhods in nuclear regulatory activities with its 
issuance of a Final Policy Statement in 1995 (NRC 1995b). The Policy Statement includes four elements, the first of 
which states that 

The use of PRA technology should be increased in all regulatory matters to the extent supported by the state-of
the-art in PRA methods and data and in a manner Ihat complements the NRC's deterministic approacb and 
supports the NRC's traditional defense-in-depth philosophy. 

SECY-95-079 contains a status update of NRC's PRA implementation plan. SECY-95-280 contains a framework for 
applying PRA in reactor regulation. As noted in Section 3, as this version of the Handbook was being completed a 
number of NRC staff activities were underway which relate to PRA use in NRC regulatory activities. These include 

• completion of the staff's review of licensee-submitted IPEs 

• evaluation of these IPEs for potential use in olher regulatory activities, documented in a draft report to be publisbed as 
NUREG·1560 (NRC 1996b) 

• development of guidance on the use of PRA in plant-specific requests for license cbanges, including regulatory guides 
for use by licensees in preparing applications for changes and standard review plans for use by the NRC staff in 
reviewing proposed changes. 

These activities should result in a more consistent and technically justified application of PRA in NRC's regulatory 
process. In particular, draft NUREG-l560 contains a detailed and explicit description of acceptable attributes of a quality 
PRA. The activities, along with staff work planned for FY 1997 to initiate improvements to the economic models now 
used in NRC's offsite consequence analyses (e.g., the MACCS code), should have a significant impact on the PRA-related 
portions of this Handbook. Consequently, the discussion in this Handbook on the use of PRA and offsite consequence 
estimates should be viewed as interim guidance that may be relied upon until the Handbook is updated to accommodate the 
NRC's new position on these regulatory issues. The staff expect to initiate this update as the preceding PRA guidance 
nears completion. 
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Estimates of the change in accident frequency resulting from a proposed NRC action are based on the effects of the action 
on appropriate parameter.; in the accident ~equation. ~m Examples of these parameters might be system or component 
failure probabilities, including those for the facility's containment structure. The estimation process involves two steps: 
1) identification of the parameters affected by a proposed NRC action (see Section 5.6.1); and 2) estimation of the values 
of these affected parameters before and after the implementation of the action (see Section 5.6.2). 

The parameter values are substituted in the accident equation to yield the base- and adjusted-case accident sequence 
frequencies. The sum of their differences is the reduction in accident frequency due to the proposed NRC 'action. 

The process can be viewed as follows. The frequency for accident sequence ij isO) 

where M Yk = the frequency of minimal cut set k for ~ident sequence i initiated by event j. 

A minimal cut set represents a unique combination of occurrences at lower levels in a structural bieran:hy (e.g., compo
nent failures in power reactor systems) which produces an overall occurrence (e.g .• reactor core damage) at a higher level. 
It takes the fonn of a product of these lower level occurrences. The affected parameters comprise one or more of the mul
tiplicative terms in the minimal cut sets. Thus, the reduction in accident sequence ij's frequency is· 

toF, • [(F,J ... - (F.) ..... ] 

= ~ [(M~\... - (M .. )_ .. ] 
The reduction in accident frequency is the sum of the reductions for each affected accident sequence: 

toF = E E toF. 
, J 

Note that a negative reduction represents an increase in accident frequency from the base to the adjusted case (i.e., an 
increase resulting from the proposed action). 

5.6.1 Identification of Affected PArameters 

The level of effort required to identify the parameters affected by implementation of an action depends primarily on the 
availability of one or more existing power reactor or non-reactor risk/reliability studies which include those parameters. 
For nuclear power plants. Table 5.2 provides a list of risk studies. The following characteristics are included. as 
available: 

• plant type (BWRlPWR and vendor) • external events inclusion (yes/no) 

• year of commercial operation • program under which performed (if any) 

• level of risk/reliability analysis(·) • report reference 
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In addition to the studies shown in Table 5.2, IPE reports covering vulnerabilities to severe accidents and IPEEE reports 
can serve as additional references. Generic Letter 88-20, issued in November 1988. required all holders of nuclear power 
plant operating licenses and construction permits 00 prepare IPE reports. Supplement 4 to General Letter 88-20, issued in 
July 1991, required these licensees to prepare IPEEE reports. IPE and IPEEE reports are available through the NRC 
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Public Document Room. The status of the IPE and IPEEE programs is discussed in SECY-96-51 (NRC 1996a) and draft 
NUREG-1560 (NRC 1996b). NRC staff prepare an evaluation report documenting staff conclusions on each IPE and 
IPEEE report submitted to NRC (NRC 1996a). 

When evaluating generic power reactor issues, where many types of plants may be affected, the five risk assessments per
formed as pan of the NUREG-1150 program (NRC 1991) are panicularly useful. One of the primary objectives of that 
program was to "provide a set of (risk assessment) models and results that can support the ongoing prioritization of poten
tial safety issues and related research ft (NRC 1991). As such, these provide a valuable resource for both quantitative and 
qualitative information on a set of five commercial nuclear power plants of different design. 

Several computer codes containing reactor risk assessment information are also available which can be used to support 
regulatory analyses. Particularly well suited 10 this type of analysis is the System Analysis and Risk Assessment (SARA) 
code (Stewart et al. 1989), which contains the dominant accident sequences and cut sets for each of the NUREG-1150 
plants. The Integrated Reliability and Risk Analysis System (IRRAS [Russell and Sattison 1988]) is an integrated risk 
assessment software tool. Using this code, the analyst can create and analyze custom-made fault trees and event trees 
using a microcomputer. 

In addition to these assessments of total plant risk/reliability, some studies focus on specific systems, accident initiators, or 
accident sequences. For certain actions, such specialized studies may be more appropriate for identifying affected parame
ters than me various plant-wide assessments. 

While risk/reliability assessments have been performed for selected non-reactor fucilities, these are generally much less 
comprehensive than their power reactor counterparts. Available data for accident frequencies at non-reactor facilities have 
been assembled into composite lists in Section C.2.1.1. They may be used as presented to identify affected parameters in 
a non-reactor accident equation, or as guides to the more detailed assessments from which they have been extracted. 

Additional information sources for non-reactor facility accidents may be found among the numerous Safety Analysis 
Reports conducted for U.S. Department of Energy (DOE) fuel-cycle facilities. For example, the DOE's Savannah River 
Site has roughly 30 such reports for fuel fabrication, chemical separation, research laboratories, analytical laboratories, 
wasle handling, irradiated fuel stornge, and radioactive materiallransponation. 

At the simplest level, the standard analysis assumes that appropriate risk/reliability studies from which the affected 
parameters are easily identified are readily available. For example, all currently available reactor risk/reliability studies 
include accident sequences involving loss of emergency AC power. If the minimal cut sets used in the analytical modeling 
of these sequences contain parameters appropriate to an action related to loss of emergency AC power, then these 
risk/reliability studies (supplemented by any new studies published subsequent to this Handbook) would be appropriate for 
use in me standard analysis. The affected parameters can be readily identified, and the estimation of changes in accident 
frequency can proceed to the next step (parameter value estimation). Similarly, a major fire accident scenario has been 
investigated for most non-reactor facilities (see Section C.2.1.1). If a proposed action relates to reducing the fire potential 
at one or more types of non-reactor facilities, then these risk/reliability studies (supplemented by any new studies 
published subsequent to this Handbook) would be appropriate for use in the standard analysis. A useful source of data for 
non-standard events at non-reactor facilities is mat maintained at DOE's Savannah River Site (Durant et al. 1988). 

At a more detailed level, but still within the scope of a standard analysis, the identification of affected paramelers may 
require more than direct use of existing risk/reliability studies. Existing studies may need to be modified without sacrific
ing their analytical consistency. The effort may involve performing an expanded or independent analysis of the accident 
sequences associated with an action, using previous studies only as a guideline, or several existing risk/reliability studies 
may be combined to form some ncomposite~ study more applicable to a generic action. 
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Beyond the standard analysis lies the major effort, where identification of affected parameters requires the type of analysis 
associated with a much greater level of detail and, most likely, a significantly expanded scope. lYpical of major efforts 
are NRC programs related to unresolved power reactor safety issues. Such programs tend to be multi-year tasks con
ducted by one or more NRC contractors. Clearly, the expected degree of detail and quality of analysis made possible 
through a major effort to identify affected parameters should be ~state-of-the-art, " significantly bener than could be 
obtained from the standard effort. 

5.6.2 Estimation of Affected Parameter Values 

Presumably, the analyst has identified the parameters affected by action implementation. (If not, it is still possible to esti
mate cbanges in accident frequencies through expert opinion, discussed as part of the standard analysis.) The next step is 
to estimate the base- and adjusted-case frequencies/likelihoods of the affected parameters, which are then used to estimate 
the base- and adjusted-case tota1 accident sequence frequencies. The sum of the differences between the base and adjusted 
cases is the reduction in accident frequency resulting from the action (a negative reduction is an increase). 

At the simplest level, the standard an31ysis assumes thaI frequencies/likelihoods for affected parameters are readily availa
ble or can be derived easily. The most convenient sources of data are the existing risk/reliability assessments; these pro
vide parameter frequencies/likelihoods in forms appropriate for accident frequency calculations (e.g., frequencies for 
initiators and unavailabilities or demand failure probabilities for subsequent system/component failures). 

For power reactors, NUREG/CR-4639 (Genman et al . 1988) provides a Nuclear Computerized Library for Assessing 
Reactor Reliability (NUCLARR). Other data sources are available, including the Nuclear Plant Reliability Data System 

( 

(NkPRDS);(S) and the LERs. Th~le maYfai0.r may not rePOfort data in the forms directly appli~lblbelasfparamDeler freqdu~Cikins~1 ( .. 
Ii elihoods. For non-reactor faCI ities, lure rate data r non-reactor components are aVID a e rom exter an n;r 
(1982), Wilkinson et 31. (1991), and Blanton and Eide (1993). 

The derivation of frequencies/likelihoods from available data should require no more than standard statistical an31ysis tech
niques. In addition to statistics textbooks, other sources provide methods for deriving failure rates and probabilities more 
specifically for use in risk/reliability analyses. McCormick (1981) is a standard reference of this type. If derivation 
requires more detailed modeling, the analyst should consider the possibility of estimating frequencies/likelihoods through 
expert opinion. A formalized procedure like the Delphi technique may yield adequate estimates (Dalkey and Helmer 
1963; Humphress and Lewis 1982). Also recommended are the "Formal Procedures for Elicitation of Expert Judgment, · 
employed in the NUREG-ll50 analyses (NRC 1991) and reviewed in Section 5.4.3.1. 

Earlier, it was mentioned that an analyst unable to identify affected parameters for an action can still estimate changes in 
accident frequency. This removes the need for propagating the effect of change in individu31 risk parameters through the 
risk equation to obtain the accident frequency. It involves expen judgment of changes in accident frequency based on the 
total core-melt frequency of a representative nuclear power plant (although less applicable to the total radioactive release 
frequency for a non-reactor facility, see below). A: formalized procedure like the Delphi method could be used to provide 
an over311 consensus from expen estimates of percent changes in total accident frequency due to action implementation. 
However, caution is advised, since direct estimation, as compared to more detailed calculations, can result in inaccurate 
estimates. 

Because of the nature of the radioactive material , its multiple locations, and near inconceivability of an ~ident capable of 
releasing the tot31 inventory (except, possibly, an "external event"), estimating the frequency of 10ta1 radioactive release 
from a non-reactor facility by expen judgment is difficult. It would be more realistic to use the experts to estimate fre
quencies for individual release locations and initiators. 
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Expert opinion may also play a prime role in estimating adjusted--case parameter values. Typically, existing data are 
applied to yield base-case values, leaving only engineering judgment for arriving at adjusted-case values. Consensus can 
reduce uncenainties, and the magnitudes of parameter values nonnally encountered in risk/reliability studies can serve as 
rough guidelines. 

At a more detailed level , but still within the scope of a standard analysis, the analyst would be expected to conduct reason
ably detailed statistical modeling or extensive data compilation when frequencies/likelihoods for affected parameters are 
not readily available. While' existing risk/reliability assessments may provide some data for use in statistical modeling, the 
level of detail required would normally be greater than they could provide. Statistical modeling may use stochastic simula
tion methods and may also involve relatively basic statistical analysis techniques using extensive data. 

Beyond the standani analysis lies the major effort, where estimation of affected parameter values requires much greater 
detail and a significantly expanded scope. When frequencies/likelihoods are unavailable for affected parameters, a major 
analytical effort is required. The analyst may need to develop specialized statistical models or possibly seek experimental 
data. On the other hand, data may be so abundant as to require extensive statistical analysis to produce a more workable 
base. Typically, both detailed statistical modeling and extensive data compilation will be required as part of a major 
effort. 'State-of-the-art " data analysis techniques should be employed. 

Estimation of adjusted-case affected parameter values should involve more than just expert opinion for a major effort. 
Engineering judgment can be incorporated into an overall framework, but this framework should be analytical, not 
judgmental. If the need for expert opinion proves inevitable, only a rigorous application of the Delphi or other such 
methods will suffice for a major effort . 

5.6.3 Change in Accident Frequency 

The change in accident frequency is a key factor for several of the value-impact analysis attributes. Having identified base
and adjusted-case values for the parameters in the plant risk equation affected by the proposed regulatory action, the ana

lyst proceeds to calculate the reduction in accident frequency as the sum of the differences between the base- and adjusted
case values for all affected accident sequences. Section 5.6 presented this calculation in the format of an equation. 
Reduction in accident frequency is algebraically positive; increase is negative (viewed as a negative reduction). 

An error factor(6) of at least five (typical for a 90% confidence level) on the best estimate of the reduction in total acci-
dent frequency may be used to estimate high and low values for the sensitivity calculations in a standard analysis for pD\ver 
reactor facilities. If no better information is available, higher error factors (at least 10) can be assumed for non-reactor 
standard analyses. Ifbeuer values are known (e.g., error factors from the specific risk assessment being used), they 
should be employed. Rigorously derived error factors via computer simulation would be appropriate for a major analysis 
beyond the standard scope. 

NUREG/CR-2800 (Andrews et al. 1983) provides a useful conceptual discussion on the calculation of change in core-melt 
accident frequency for power reactors, along with detailed examples. Such calculations would be typical of what is 
expected to be appropriate in the standard value-impact analysis ponion of a regulatory analysis. 

The FORECAST computer code for regulatory effects cost analysis (Lopez anq Sciacca 1996) allows input for the change 
in accident frequency. 
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5.7 Quantification of Attributes 

The following sections provide specific guidance in estimating the values of each attribute. However, before looking at 
specific attributes, there are several generic concepts that need to be explored. 

Value and impact estimates are perfunned relative to a baseline case, which is typically the no-action alternative. In estab
lishing the baseline case, an assumption should be made that all existing NRC and Agreement State requirements and 
written licensee commitments are already being implemented and that values and impacts associated with these require
ments are not part of the incremental estimates prepared for the regulatory analysis. Similarly, the effects of formally 
proposed concurrent regulatory actions that are viewed as having a high likelihood of implementation need to be 
incorporated into the baseline before calculating the incremental consequences of the regulatory action under 
consideration. 

The treatment of voluntary incentives on the part of industry also has important implications on the baseline and therefore, 
the incremental consequences of the proposed action. Section 4.3 of the NRC Guidelines discusses the treatment of 
voluntary activities by affected licensees when establishing a baseline reference. Basically, analysts should give no credit 
for voluntary actions in making base case estimates. However, for-completeness and sensitivity analysis purposes, the 
analyst should also display results with credit being given for voluntary actions by licensees, 

Section 4,3 of the NRC Guidelines requires the use of best estimates, Often these are evaluated in terms of the mean or 
"expected value, " the product of the probability of some event occurring and the consequences which would occur assum
ing the event actually happens. Sometimes, measures other man the expected value may be appropriate, such as the 
median or even a point estimate. However, the expected value is generally preferred. 

There are four attributes used. in value-impact analysis for which expected value is normally calculated: public health (acci
dent), occupational health (accident), offsile property, and onsUe property. All four of these auributes usually rely on esti
mation of the change in probability of occurrence of an accident as a result of implementation of the proposed action. 
(Changes in the consequence of the accident [i.e., dose or cost] would also affect these attributes.) 

Four attributes involve radiation exposure: 1) public health (accident), 2) public health (routine), 3) occupational health 
(accident), and 4) occupational health (routine). In quantifying each measure, the analyst should assess the reduction (or 
risk averted) relative to the existing condition. For accident-related exposures, the measure will be probabilistically 
weighted (i.e., the potential consequence is multiplied by its probability of occurrence),{7) The non-accident terms (e.g" 
routine occupational exposure) are given in terms of annual expected effect. Both types of terms would be integrated over 
me lifetime of the affected facilities to show the total effect. Each of the attributes involving radiation exposure can be 
characterized in terms of person-rems, either averted by or resulting from implementation of me proposed action. 

The four attributes associated with radiation ex.posure require a person-rem-to-dollars conversion factor to be ex.pressed 
monetarily (see Section 5.7.1.2). The remaining quantitative attributes are nonnally quantified monetarily in a direct 
manner. When quantified monetarily, attributes should be discounted to present value (see Section B.2 for a discussion of 
discounting techniques). This operation involves an assumption regarding the remaining lifetime of a facility. If 
appropriate, the effect of license renewal should be included in the facility lifetime estimate (see Section 4.3 of the 
Guidelines). The total dollar figures capture bom the number of facilities involved (in the case of generic rulemaking) and 
the economic lifetime of the affected facilities. 
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Based on OMB's guidance in Circu1ar A·94, Section 4.3.3 of the Guidelines requires that a 7% real (i.e., inflation· 
adjusted) discount rate be used for a best estimate. For sensitivity analysis, the Guidelines recommend a 3 % discount rate. 
However, for certain regulatory actions involving a timeframe exceeding 100 years (e.g., decommissioning and waste dis· 
posal issues), Section 4.3.3 of the Guidelines stipulates the following; 

... [T]he regulatory analysis should display results to the decision·maker in two ways. First, on a present worth 
basis using a 3 percent real rate, and second, by displaying the values and impacts at the time in which they are 

. incurred with no present worth conversion. In this latter case, no calculation of the resulting net value ... should 
be made. 

MQualitativeM attributes do not lend themselves to quantification. To the degree to which the considerations associated with 
these attributes can be quantified, they should be; the quantification should be documented, preferably under one or more 
of the quantitative attributes. However, if the consideration does not lend itself to any level of quantification, then its 
treatment should take the form of a qualitative evaluation in which the analyst describes as clearly and concisely as possi· 
ble the precise effect of the proposed action. 

To estimate values for the accident·related attributes in a regulatory analysis, the analyst ideally can draw from detailed 
risk/reliability assessments or statistically·based analyses. Numerous sources exist for power re/:lctor applications (e.g., 
see Section 5.6). To a lesser extent, Sections C.3·C.6 and C; 10 provide similar data for nOD-reactor applications. Most 
regulatory analyses for power reactor facilities are based on detailed risk/reliability assessments or equivalent statistically 
based analyses. 

However, the analyst will sometimes find limited factual data or information sufficiently applicable only for providing a 
quantitative perspective, possibly requiring extrapolation. These may often involve non·reactor licensees since detailed 
risk/reliability assessments andlor statistically-based ana1yses are less available than for power reactor licensees. Two 
examples illustrate this type of quantitative evaluation. 

In 1992, the NRC performed a regulatory analysis for the adoption of a proposed rule (57 FR 56287; November 27 , 1992) 
concerning air gaps to avert radiation exposure resulting from NRC-licensed users of industrial gauges. The NRC found 
insufficient data to detennine the averted radiation exposure. To estimate the reduction in radiation exposure should the 
rule be adopted, the NRC proceeded as follows. The NRC assumed a source strength of one curie for a device with a 
large air gap, which produces 1.3 remlhr at a distance of 20 inches from a Cs-137 source. Assuming half this dose rate 
would be produced, on average, in the air gap, and that a worker is within the air gap for four hours annually, the NRC 
estimated the worker would receive 2.6 rem/yr. The NRC estimated that adopting the proposed air·gap rule would be 
cost-effective if 347 person-rem/yr were saved. At the estimated average savings of 2.6 person-rem/yr for each gauge 
licensee, incidents involving at least 133 gauges would have to be eliminated. Given the roughly 3,000 gauges currently 
used by these licensees, the proposed rule would only have to reduce the incident rate by roughly 4%, a value the NRC 
believed to be easily achievable. As a result. the NRC staff recommended adoption of the air-gap rule. 

In 1992, the NRC responded to a petition from General Electric (GE) and Westinghouse for a rulemaking to allow self
guarantee as an additional means for compliance with decommissioning regulations. An NRC contractor estimated the 
default risks of various types of financial assurance mechanisms, including the proposed self-guarantee. The contractor 
had to collect data on failure rates both of finns of different sizes and of banks, savings and loans, and other suppliers of 
·financial assurance mechanisms. The contractor estimated a default risk of 0.13% annually for the GE-Westinghouse 
proposal, with a maximum default risk of only 0.055 % annually for third-party guarantors, specifically a small savings 
and loan issuing a letter of credit. Based on these findings, the NRC initiated a proposed rulemaking which would allow 
self-guarantee for certain licensees. The final rule was issued December 29, 1993 (58 FR 68726). 

Additional examples of this more limited type of quantitative approach to estimation can be found in Sections C.S and C.9. 
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5.7.1 Public Health (Accident) 

Evaluating the effect on public health from a change in accident frequency due to proposed regulatory actions is a multi
step process. For each affected facility, the analyst first estimates the change in the public health (accident) risk associated 
with the action and reports this as person-rem avoided exposure. Requction in public risk is algebraically positive; 
increase is negative (viewed as a negative reduction). Next the analyst converts person-rems to their monetary equivalent 
(dollars) and discounts to present value. Finally, the analyst tows the change in public health (accident) as expressed in 
discounted dollars over all affected facilities. 

The steps are as follows: 

1. Estimate reduction in accident frequency per facility (see Section 5.6). 

2. Estimate reduction in public health (accident) risk per facility (see Section 5.7.1.1). 

3. Convert value of public health (accident) risk avoided (person-rems) per facility to monetary equivalent (dollars) via 
monetary valuation of health effects (see Section 5.1.1.2). 

ZI'H,( .. RDI'I\ 

where ZPHA = monetary value of public health (accident) risk avoided per facility-year before discounting ($/facility
year) 

DI'I\ = avoided public dose per facility-year (person-rem/facility-year) 
R = monetary equivalent of unit dose ($/person-rem). ( 

4. Discount to present value per facility (dollars) (see Section 5.7.1.3), 

5. Tow over all affected facilities (dollars). 

where V pHA 

W"" 
N 

---

VI'IIA :: NWPHA 

discounted monetary value of public health (accident) risk avoided for all affected facilities ($) 
monetary value of public health (accident) risk avoided per facility after discounting ($/facility) 
number of affected facilities, 

If individual facility values rather than generic values are used, the formulations can be replaced with 

where i = facility (or group of facilities) index. 

5.7.1.1 FstimatioD of Accident-Related Health Elfects 

The results of the formulations given in Section 5.6 are reductions in accident frequency. These fonn the first ponion of 
the public health (accident) risk estimate. For the standard analysis, the analyst would employ data developed in existing 
risk srudies which include offsite effects, if possible. Such studies provide population dose factors that can be applied to 
accident release categories to yield dose estimates as follows: 
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.. 1 [fupulation Dose 1 Reducuon ID Release F t r for Release 

Category Frequency x ac °c I 
( /fac T) a egory 

. events l11y-yr (person-rem/event) 

If the risk assessment being used by the analyst to estimate public health (accident) employs its own unique accident 
release categories with corresponding population dose factors, then these should be used. Otherwise, population dose fac
tors should be based on Thble 5.3 (see Appendix B.4 for development of this table). For non-reactor accidents, population 
dose factors for accident scenarios at selected facilities have been assembled into composite lists in Section C.2.1.2. An 
error factor of at least five is considered appropriate for use in sensitivity studies. 

Thble 5 .3 Expected population doses for power reactor release categories 

Plant IW"", 
AccidtDt ProlfUSlon Charac:terlstI.cs I'tlpulaUon Dose 

1)" Category CFThn, PDS SPBypus RB Cct CFMode 
tbtat ....... 

B' .... (l'trson-Rtm) n~ 

RSURI CfatVB 
. 

Rupru~ 6.15E+6 63 

RSUR2 Late CF LOSP L<ok 2.30E+6 .. 
RSUR3 NoCF 

Dry 
NoCF 2.50E+2 67 

RSUR. Bypass Bypass BY(lisS 4.29E+6 80 

RZI CFatVB Shallow Rupture 5.77E+6 6' 

RZ2 to""_ LOCA Lu" 1.3 IE+5 38 
No< Flood'" PWR RZ3 NoCF 

Applicable 
NoCP 3.3IE+2 67 

RZ4 Bypass Bypass Dry Bypass 4.80E+6 76 

RSEQI CPdurCD I.3IE+7 ,. 
LOSP Dry CatRup 

RSEQ> CFatVB 5.77E+6 ,. 
RSEQ3 Late CP Rupture 1.33E+5 .2 

LOCA Flood'" 
RSEQ4 NoCF NoCP 4.06E+2 7t 

RSEQ5 Bypass Bypass n." Bypass 4.94E+6 76 

BWR RPBI LOSP 5.25E+6 
CfatVB EarlylLate Sm/None DWMm 8. 

RPB2 5.32E+6 
ATWS Dry 

RPB3 CPdurCD No~ WWvent 3.26E+6 8' 
RPB4 Late CF Early/Late 

... ~, 
DWrup 1.13EH 92 

.. BS NoCP LOS. NOM Sm/None Shallow NoCF 8.27E+3 

"B' CFatVB Early/Late to~, 
62 

Dry DWMm l.lIE+7 

BLASI CNurCD Thm EarlylLate SmlNone Dry WWawrup 5.25E+6 8. 
RLAS2 WWaw-lk 3.21E+6 8t 

CFatVB Shallow 
BLAS3 DWrup 4.66E+6 82 

RLAS4 CFdurCD Dry 5.92E+6 73 
WWvent 

BLAS' SmlNone Shallow 1.75E+6 82 
Late CP 

BLAS6 to~, Dry CF-Ped 4.18E+6 73 
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Table 5.3 (Continued) 

PI .... IW .... 
Accident Prognsslon Character1stlcs I'IJpulation Dose 

Typo Catelory CF11me PDS SP Bypass RB 
CCI CFMode 

....... , % ..... 
Bypau (Ptrsoa-Rem) .... = 

BWR RLAS7 NoCF Thm None Sm/None Shallow NoCF 3.33E+2 ., 
ROO' CFaIVB Early/LaIC 5.17E+ 6 " RG02 CFdurCD None Flood'" 2.74E+ 6 90 

ROG' Lace CF STSB Lale Only ...... Rupture 
2.35E+6 SO 

ROOI CFdurCD early/laIC 2.70E+6 93 
NoCCI 

ROGS No CF N,~ NoCF 1.I8E+2 " NaIt: Tbt 1nI!laU RSUR. RZ. Ind RSEQ refor., s uny. ZieD, ... $equo)'lh rdclKAl<tofiu fapetllvely fDlkIwod by "'" .. ltaoe QlOlOI)' ......... r. 
Tbt initial. RPB, RLAS .... RGG rdr '" IUch Bo<IOm. l.aSaIle .... Grand Gull .. luu _pi" rapeer",.ly foIlo~ by "'" .. leaK W<1OtY ........... 

"'" CF 11..,. - Coru:alnmcnr fii l .... (CF II..,.) 
CFarVB - CF II ..... cl bread! (VB) 

CI'<lIItCD - CF durllll c:c>U.w..,. (bdD" VB. if ~ OCCIIII) 

c..c' - CF dorina c:c>U -.unrlon ilJmtcIlom (CCI) 
No CF - ®" ' .... - b)pus of conIIl"""'", ( .. ..tly r/nUjJIoul durMion of _Idem) 

'" - I'I&nI. do....., 11111> (pos) 

CO" - lOll 01 oII'lM power 

COCA - I ... 01 a>ollnl _IdeN 

' ''''' - b)pus of tonlIl"""'lII (Inltlfacilla; .yolO ... LOCA or I ...... IOnetalIY .. """",) 

A"" - .... iclpoled mwloOI w~ .."..., 

"'. - -,. 
~, - IhM-IemI Itltion black<Jul. ee, - ~ 01 """, .. core CDIII:I"m I ... rac:tions (00) 

"" - CO..,.,.... In . dry cavity 
~ .. - CCI ..,.,.... in. "",""';ry (-.I .. lly 5 It oiMlU) , ...... - CCI OCCIO"' In I deeply ftoockd ClVity (lIDIII.nally ]4 Ii. of '. , .. "') 
No e CI - Thtn: It no CCI (tho debrlo bod I. a>olable .. ith replenillIobIe Mr." or flO VB) 

CFM .... - Conrai ..... '" fi il .... """'" 
c..~ - Cawtrophic """'" fiil"", 

' OM< - Rupture fii l ... or ootIIainmtm 

' ''''' - byp ... 01 conDInm<n' 

"" - Leak fUm of conrainrno:", 

~" - 00 " ......, - Rop! .... abo ... "'" ........ 11 ....., !<vel ..... " - lui< abDv. rile _ .. ell "",lOr level 

DW'~ - RupIIn I. tho drywell 
~.m - \t"'I ... of "'" .... _11 
e' .... - RupNre In tho drywell wall, ""...,. by I .. II~ ... 01 .... rCIICIOr pedeslal 
~M. - M.h·throuth 0I1ho drywell wall by direc.1 _, of tho ........ ""'" 

SP Oypu. - Suppr ... ion pool (SP) bypu. 
EarlylLa .. - SP io ~)"pIII<>d &om rho "me or VO """""""" "'" _ide", - - SP is ncllU bypu:Kd 
La .. Only - SP is OfIIy b)pu . ... Ia2 in "'" _Ide", (rlurl", cel) 

ROB,... - RCllClOf bulldlrw: (RB) ~ypu. ,- - Nomi ... 1 or ,mall 10Ib,. from ,110 RB ..... - ~ ~.&om .... RB or b)puo of .... RB (for Grand Gulf,.U r:ooa.lnrncOl fiil .. " ""~ . ,.mod '" be abo~ tho RBj 

Should the nature of the issue require that the reduction in accident frequency be expressed as a single number, a single 
population dose factor, preferably one that has been probabitistically weighted lO reflect those for all accident release cate
gories. is generally needed. For this approach. the calculation of avoided public dose becomes: 
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(person -remffacihty - yr) 
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Mubayi et al. (1995) have calculated population doses weighted by the frequencies of the accident release categories for 
the five power reactors analyzed in NUREG-1150 (NRC 1991). These are listed in Thble 5.4 based on Version 1.5.11.1 
of the MACeS computer code (Chanin et al. 1993). The population doses have been calculated as the sum of those for 
emergency response and long-term protective action, defined as follows: 

• For early consequences, an effective emergency response plan consisted of evacuation of all but 0.5% of the population 
within a ten-mile radius at a specified speed and delay time following notification of the emergency . 

• For long-term relocation and banning of agricultural products, the interdiction criterion was 4 rem to an individual over 
five years (2 rem in year one, followed by 0.5 rem each successive year). 

For regulatory analyses involving nuclear power plants, doses should be estimated over a 50-mile radius from the plant 
site (see Guidelines Section 4.3.1). Do~es for other distances can be considered in sensitivity analyses or special cases, 
and are available in Mubayi et aI. (1995). 

It is possible that the proposed action will affect public health (accident) through a mitigation of consequences instead of 
(or as well as) through a reduction in accident frequency.(1) Shou!d this be the case, the previous general formulations 
are replaced with the following: 

or 

Avoided Public 
Dose 

[Release Category 
l Frequency 

x Category Population 1 
Dose Factor ~ .. 

[Release Category x Category PoPUlatiOn] 
l Frequency Dose Factor Mtt_. 

"'"" 

Avoided Public = [ Accident Population Dosel _ [AcCident x Population DOSe] 
Dose Frequency x Factor .Js!.an. Frequency Factor AIW .. '""" 

Thble 5.4 Weighted population dose factors for the ftve NUREG-llSO power reactors 

Person-rem Within SO miles 
Reactor Type from the Plant 

Zion PWR 1.95E+5 

Surry PWR I.60E+5 

Sequoyah PWR 2.46E+5 

Peach Bottom BWR 2.00E+6 

Grand Gulf BWR 1.93E+5 

Average 1.99E+5 
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Public risks from non-reactor accidents have been assembled into composite lists in Section C.2.I.3. These represent the 
products of accident frequencies and population dose factors, whether calculated as release category summations or single 
frequency and dose numbers. 

Beyond the standard analysis lies the major effon. In parallel with the more involved effort to identify and quantify 
affected parameters in appropriate accident sequences (see Section 5.6) would be an equivalent effort to quantify popula
tion dose factors and possibly even specific health effects. Such effort at the ~consequence end~ of the risk calculation 
would increase the likelihood of obtaining representative results. Non-representative results can arise through the use of 
inappropriate or inapplicable dose calculations just as readily as through inappropriate logic models and failure data. 

Several computer codes exist for estimation of population dose. Most for reactor applications have been combined under 
MACCS (Chanin et aI. 1990, 1993; Summers et aI . 1995a,b). Three codes for non-reactor applications are GENII 
(Napier et al. 1988), CAP-88 (Beres 1990), and COMPLY (EPA 1989). There have also been recent upgrades to 
MELCOR itself for modeling severe accidents in light water reacton, including estimation of severe accident source terms 
and their sensitivities/uncertainties (Summen et aI. 1995a,b). 

The GENII code package detenrunes individual and population ra.diation doses on an armual basis, as dose conunitments. 
and as accumulated from acute or chronic radionuclide releases to air or water. It has an additional capability to predict 
very-long-term doses from waste management operations for periods up to 10,000 years. 

The CAP-88 code package is generally required for use at DOE facilities to demonstrate compliance with radionuclide air 
emission standards where the maximally exposed offsite individual is more than 3 km from the source [40 CFR 61.93(a)). 

/ 

\ 

The code contains modules to estimate dose and risk to individuals and populations from radionuclides released to the air. (' 
It comes with a library of radionuclide-specific data and provides the most flexibility of the EPA air compliance codes in . 
terms of ability lO input site-specific data. A personal computer version of the CAP-S8 code package (Parks 1992) was \ 
released in March 1992 under the name CAP8S-PC and is also approved for demonstrating compliance at DOE facilities. 

The COMPLY code is a screening model intended primarily for use by NRC licensees and federal agencies other than 
DOE facilities. It is approved for use by DOE facilities where the maximally exposed offsite individual is less than 3 kin 
from the emissions source [40 CFR 61.93(a)). The code consists of four screening levels, each of which requires 
increasingly detailed site-specific data to produce a more realistic (and less conservative) dose estimate. COMPLY runs 
on a personal computer and does not require extensive site-specific data. 

5.7.1.2 Monetary Valuation of Accident-Related Health Effects 

Section 4.3.3 of the Guidelines states that the conversion faclOr to be used to establish the monetary value of a unit of 
radiation exposure is $2000 per person-rem. This value will be subject to periodic NRC review. The basis for selection 
of the $2000 per person-rem value is set out in NUREG-1530 (NRC 1995d). The $2000 per person-rem value is to be 
used for routine and accidental emissions for both public and occupational exposure. Unlike past NRC practice, offsite 
propeny consequences are to be separately valued and are not part of the $2000 per person-rem value. Monetary 
convenion of radiation exposure using the $2000 per person-rem value is to be performed for the year in which the 
exposure occurs and then discounted to present value for purposes of evaluating values and impacts. 

5.7.1.3 Discounting Monetized Value of Accident-Related Health Effects 

The present value for accident-related health effects in their monetized form can be calculated as follows: 

W PHA '" C Jt ZI'HA 
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where W"" 
C 

~ 

~ 

monetary value of public health (accident) risk avoided per facility after discounting ($/ facility) 
[exp( -ni) - exp( -nf)]/t 

If 

'i 
t 

~ 

~ 

~ 

years remaining until end of facility life 
years before facility begins operating 
real discount rate (as fraction, not percent) 

Z 
'"' 

~ monetary value of public health (accident) risk avoided per facility-year before discounting 
($/facility-yeac) . 

If a facility is already operating, ti will be :zero and the equation for C simplifies to 

c = [I - exp(-n,)]'t 

Should public health (accident) risk not be discounted in an analysis, r effectively becomes zero in the preceding equations. 
In Ihe limit as r approaches :zero, C = If - ti (or, C = tf when ti = 0). This new value of C should be used to evaluate 
W PKA in the undiscounted case. 

The quantity W PHA must be interpreted carefully to avoid misunderstandings. It does not represent the expected reduction 
in public health (accident) risk due to a single accident. Rather, it is the present value of a stream ofpotenti.allosses 
extending over the remaining lifetime of the facility. Thus, it refiects the expected annual loss due to a single accident 
(this is given by the quantity ZPKA); the possibility that such an accident could occur, with some small probability, at any 
time over the remaining facility life; and the effects of discounting these potential future losses to present value. Since the 
quantity Z pH ... only accounts for the risk of an accident in a representative year, the result is the expected loss over the 
facility life, discounted to present value. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows input for the public 
health (accident) attribute. 

5.7.2 Public Health (Routine) 

As with the public health (accident), the evaluation of the effect on public health from a change in routine exposure due to 
proposed regulatory actions is a multi-step process. Reduction in exposure is algebraically positive; increase is negative 
(viewed as a negative reduction). 

The steps are as follows: 

1. Estimate reductions in public health (routine) risk per facility for implementation (DPlu) and 
operation (DPRo) (see Section 5.7.2.1). 

2. Convert each reduction in public health (routine) risk per facility from person-rerns to dollars via monetary evaluation 
of health effects (see Section 5.7.2.2): 

where GpRI = monetary value of per-facility reduction in routine public dose required to implement the proposed 
action, before discounting ($/facility) 
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GPRO 

D", 

°pRO 

R 

~ 

~ 

~ 

~ 

monetary value of annual per~facility reduction in routine public dose to operate following 
implementation of the proposed action, before discounting ($!facility~year) 
per~facility reduction in routine public dose required to implement the proposed action (person~ 
rem/facility) 
annual per~facility reduction in routine public dose to operate following implementation of the proposed 
action (person~remlfacility~year) 
monetary equivalent of unit dose ($/person~rem). 

3. Discount each reduction in public health (routine) risk per facUity (dollars) [see Section 8.2]. 

4. Sum the' reductions and total over all facilities (dollars); 

where Vrn• 

H"" 

HpRO 

N 

~ 

~ 

~ 

~ 

discounted monetary value of reduction in public health (routine) risk for a1l affected facilities ($) 
monetary value of per-facility reduction in routint; public dose required to implement the proposed 
action, after discounting ($/facility) 
monetary value of per-facility reduction in routine public dose to operate following implementation of 
the proposed action, after discounting ($/facility) 
number of affected facilities. 

Note the algebraic signs for DPR! and DPRO, A reduction in exposure is positive; an increase is negative, The dose for 
implementation (OPR!) would norma1ly be an increase and therefore negative, 

If individual facility values rather than generic values are used, the fonnulations can be replaced with 

where i = facility (or group of facilities) index, 

5.7.2.1 Estimation of Change in Routine Exposure 

A proposed NRC action can affect routine public exposures in two ways, It may cause a one~time increase in routine dose 
due to implementation of the action (e,g, , insta1ling a retrofit), It may also cause a change (either increase or decrease) in 
the recurring routine exposures after the action is implemented, (9j For the standard analysis, the analyst may attempt to 
make exposure estimates, or obtain at least a sample of industry or community data for a validation of the estimates devel~ 
oped . Baker (1995) provides estimates of population and individual dose commitmems for reported radionuclide releases 
from commercial power reactors operated during 1991. TIchler et aI. (1995) have compiled and reported releases of 
radioactive materials in airborne and liquid effluents from conunercial Light Water Reactors (LWRs) during 1993. Data 
on solid waste shipments are also included. This report is updated annually, Routine public risks for non-reactor facilities 
have been assembled into composite lists in Section C.2,2 . 

5.7.2.2 Monetary Valuation of Routine Exposure 

As with public health (accident) (Section 5.7.1 .2), monetary valuation for public health (routine) employs the value of 

/ 

( 

$2,OOO/person-rem as the best estimate of the monetary conversion factor (R). I , 
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The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows input for the public 
health (roqtine) attribute. 

5.7.3 Occupational Health (Accident) 

Evaluating the effect on occupational health from a change in accident frequency due to proposed regulatory actions is a 
multi~step process. Reduction in occupational risk is algebraically positive; incre'!Se is negative (viewed as a negative 
reduction). 

The steps are as follows: 

I. Estimate reduction in accident frequency per facility (see Section 5.6). 

2. Estimate reduction in occupational health (accident) risk per facility due to the following (see Section 5.7.3.1): 

• "immediate" doses 

• long~term doses 

3. Per facility, convert value of occupational health (accident) risk avoided (person~rems) to monetary equivalent 
(dollars) via monetary evaluation of health effects, due to the following (see Section 5.7.3.2): 

• "immediate" doses 

• long-term doses Zt.TO = RY LTO 

where Z~ 

Zem 

Y,o 
Yem 

R 

= 

= 

= 
= 
= 

monetary value of occupational health (accident) risk avoided per facility~year due to "immediate" 
doses, before discounting ($/facility-year) 
monetary value of occupational health (accident) risk avoided per facility-year due to long-term doses, 
before discounting ($/facility-year) 
avoided occupational -immediate" dose per facility-year (person-remlfacility-year) 
avoided occupational long-term dose per facility-year (person-remlfacility-year) 
monetary equivalent of unit dose ($/person-rem). 

4. Discount to present value per facility (dollars) (see Section 5.7.3.3). 

5. Tolal over all affected facilities (dollars) using 

where V""' = 
W~ = 

Wem 

N = 

discounted monetary value of occupational health (accident) risk avoided for all affected facilities 
monetary value of occupational health (accident) risk avoi~ed per facility due (0 "immediate" doses, 
after discounting ($/facility) 
monetary value of occupational health (accident) risk avoided per facility due to long-term doses, after 
discounting ($/facility) 
number of affected facilities. 
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If individual facility values rather than generic values are used, the formulations can be replaced with 

where i = facility (or group of facilities) index. 

5.7.3.1 Estimation of Accident-Related Exposures 

There are two types of occupational exposure related to accidents: "immediate" and long-term. The first occurs at the 
time of the accident and during the immediate management of the emergency. The second is a long-term exposure, 
presumably at significantly lower individual rates, associated with the cleanup and refurbishment or deconunissioning of 
the damaged facility. The value gained in the avoidance of both types of exposure must be conditioned on the change in 
frequency of the accident's occurrence (see Section 5.6).(10) 

"Immediate" Doses 

Licensing of nuclear facilities requires the license applicant to consider and attempt to minimize occupational doses, 
Radiation protection in a reactor control room is required to limit dose to 5-rem whole body under accident conditions 
(10 CFR 50, Appendix A, Criterion 19). The experience at the Three Mile Island (TMI) Unit 2 nuclear power plant 
indicated that potential for significant occupational exposures exists for activities outside the control room during a power 
reactor accident. (Hov.-ever, there was no individual occupational exposure exceeding 5-rem whole body at TMI-2.) 

For the standard analysis specifically applied only to power reactor facilities, the analyst may employ the TMI or 
Chernobyl experience. At TMI, the average occupational exposure related to the incident was approximately 1 rem. A 
collective dose of 1,000 person-rem could be attributed to the accident. This occurred over a 4-month span, after which 
time occupational exposure was approaching pre-accident levels. An upper estimate for sensitivity analysis is obtained by 
assuming that the average individual receives a dose equal to that of the maximum individual dose at TMI. The ratio of 
maximum to average dose for TMI is 4.2 remll rem; therefore, the upper estimate for the collective dose can be taken as 
4,200 person-rem. A lower estimate of zero indicates a case where no increase over the normal occupational dose occurs. 

The DOE (1987) summarized results on the collective dose received by the populace surrounding the Chemobyl accident. 
Average dose equivalents of 3.3 rem/person, 45 rem/person, and 5.3 rem/person were estimated for residents within 
3 lan, between 3 lan and 15 lan, and between 15 Ian and 30 Ian of Chemobyl, respectively (Mubayi et al. 1995, p. A·5). 
Although none of these translates readily into an occupational dose as that for TMI, a reasonable, but conservative, 
assumption would be that the average worker received the average dose for persons closest to the plant (Le., 
3,3 rem/person). For 1,000 workers, an average value of 3,300 person-rem is obtained, about three times that estimated 
for TMI-2. Given the greater severity of the Chemobyl accident, this seems reasonable. Using TMl's ratio of 4 ,2/ 1 for 
the maximum, an upper bound of 14,000 person-rem results, TM.I's average value of 1,000 person-rem would appear to 
be a reasonable lower bound for Cbemobyl. 

Given the uncenainties in existing data and variability in severe accident parameters and worker response, the following is 
suggested as 0 10 (inunediate occupational dose) specifically for power reactor accidents: 

Best estimate: 
High estimate: 
Low estimate: 
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14,000 person-rem 
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For a major effon beyond the standard analysis, specific calculations to estimate onsite exposures for various accidents 
could be performed. 

Long-'Thnn Doses 

After the immediate response to a major power reactor accident, a long process of cleanup and refurbishment or decom
missioning will follow. Significant occupational dose will result (individual exposures controlled by normal occupational 
dose guidelines). The values for the standard analysis specifically applied only to power reactors are based on a study 
(Murphy and Holter 1982) of decommissioning a reference LWR following postulated accidents. Table 5.5 summarizes 
the occupational doses estimated by the study and is presented for perspective. 

Since this Handbook focuses on avoidance of major large-scale accidents, use of the following long-term doses based on 
Murphy and Holter (1982) is suggested specifically for power reactor accidents. 

DLTO (long-term occupational): 

Best estimate: 
High estimate: 
Low estimate: 

20,000 person-rem 
30,000 person-rem 
10,000 person-rem 

'Thble S.S Estimated occupatioDal radiation dose from cleanup and decommissioning after a power 
reactor accident (person-rem or person-cSV) 

Accldent Accident Accident 
Activity Scenario 1(0) Scenario 2(1)) Scenario 3(0) 

Cleanup 670 4,580 12,100 

Dismantlement and Decommissioning ~ ~ ...L§§Q 

Total 1,900 7,640 19,760 

(a) Accident Scenario 1 - a small Loss of Coolant Accident (LOCA) in which EmeIgency Core 
Cooling System (EeeS) functions as intended. Some fuel cladding ruptures, but no fuel 
melts. The containment building is mod~tely contaminated, but there is minimal physical 
damage. 

(b) Accid.ent Scenario 2 - a small LOCA in which EeeS is delayed. Fifty percent of the fuel 
cladding ruptures, and some fuel melts. The containment building is extensively 
contaminated, but there is minimal physical damage. (This scenario is presumed to simulate 
the TMI-2 accident.) 

(c) Accident Scenario 3 - a major LOCA in which ECCS is delayed. All fuel cladding ruptures, 
and there is significant fuel melting and core damage. The containment building is 
extensively contaminated and physically damaged. The auxiliary building undeIgocs some 
contamination. 
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Avoided Doses 

To calculate the avoided accident-related occupational exposures, bo.th the ~immediate~ and long-term occupational dose 
are multiplied by the reduction in accident frequency (see Section 5.6) which is postulated as a result of the proposed 
action. 

where t.F 
Y,o 
0 ,0 

Y"" 
O,m 

~ 

~ 

~ 

~ 

~ 

Y LTO = .6.F DLTO 

reduction in accident frequency (events/facility-year) 
avoided occupational MimmediateM dose per facility-year (person-remlfacility-year) 
immediate occupational dose 
avoided occupational long-term dose per facility-year (person-remlfacility-year) 
long-term occupational dose. 

It is possible that the proposed action will mitigate accident-related occupational exposures instead of (or as well as) 
reducing the accident frequency. In any case, it is the change fro~ current condition to that following implementation of 
the proposed action that is sought. The formulation above can be replaced with the more explicit formulation below: 

Y" = (P0,o)' - (P0,o), 
Y,m • (pO,m)' - (pO,m), 

where F = accident frequency (events/facility-year) 
S = status quo (current conditions) 
A = after implementation of proposed action. 

Occupational risks from nOR-reactor accidents have been assembled into composite lists for selected non-reactor facilities 
in Section C.2.3. As for the public risks from non-reactor accidents. these also represent the products of accident 
frequencies and dose factors. 

5.7.3.2 Monetary Valuation of Accident-Related Exposures 

The analyst should use the $2000 per person-rem conversion value discussed in Section 5.7.1.2 for the monetary valuation 
of accidenHelated exposures. 

5.7.3.3 Discounting Monetized Values of Accident-Related Exposuns 

The present values for ~immediateH and long-term accident-related exposures in their monetized forms are calculated in 
slightly different ways. 

"Immediate" Doses 

For "immediate" doses, the present value is 
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where W,o 

C 
I, 

I , 

r 
Z,o 

~ 

~ 

~ 

~ 

~ 

~ 

monetary value of occupational health (accident) risk avoided per facility due to "immediateM doses, after 
discounting (S/facility) 
[exp(-nj) - exp(-nf))/r 
years remaining until end of facility life 
years before facility begins operating 
real discount rate (as fraction, not percent) 
monetary value of occupational health (accident) risk avoided per facility-year due to ~immediateM doses, 
before discounting (S/facility-year) . 

If a facility is already operating, Ii will be zero and the equation for C simplifies to 

c = [I - exp (-n,)] / r 

Should occupational health (accident) risk due 10 "immedialeM doses not be discounted in an analysis, r effectively becomes 
zero in the preceding equations. In the limit as r approaches zero, C "" If - ti (or, C = tf when ti "" 0). This new value 
of C should be used to evaluate Wro in the undiscounted case. 

The quantity Wro must be interpreted carefully to avoid misunderstandings. It does not represent the expected reduction in 
occupational health (accident) risk due to Mimmediate" doses as the result of a .single accident. Rather, it is the present 
value of a stream of potemiallosses extending over the remaining lifetime of the facility. Thus, it reflects the expected 
annual loss due to a single accident (this is given by the quantity ZlcJ; the possibility that such an accident could occur, 
with some probability, at any time over the remaining facility life; and the effects of discounting these potential future 
losses to present value. Since the quantity Zro only accounts for the risk of an accident in a representative year, the result 
is the expected loss over the facility life, discounted to present value. 

Long-'finn Doses 

For long-term doses, the present value is 

where We", 

m 
r 
I, 

I , 

Ze", 

~ 

~ 

~ 

-
~ 

~ 

= [Ze", /mr'jexp(-n ,) 

= II - exP(-~I, - t,))] [I - exp(-rm)j 

monetary value of occupational heallh (accident) risk avQ,ided per facility due to long-term doses, after 
discounting (S/facility) 
years over which long-term doses accrue(1) 

real discount rate (as fraction, not percent) 
years remaining until end of facility life 
years before facility begins operating 
monetary value of occupational health (accident) risk avoided per facility-year due to long-term doses, 
before discounting ($/facility-year). 

If the facility is already operating, tl will be zero and the equation for W LlO simplifies to 
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Should occupational health (accident) risk due to long-tenn doses not be discounted in an analysis, r effectively becomes 
zero in the preceding equations. In the limit as r approaches zero 

W L1'O = ZLTO(t, - tl) 

or 
WL1'O = ZLTOt" when ti = 0 

The quantity WLTO must be interpreted carefully to avoid misunderstandings. It does not represent the expected reduction 
in occupational health (accident) risk due to long-term doses as a result of a single accident. Rather, it is the present value 
of a stream of potential losses extending over the remaining lifetime of the facility. Thus, it reflects the expected annual 
loss due to a single accident (this is given by the quantity ZLTO); the possibility that such an accident could occur, with 
some probability, at any time over the remaining facility life; and the effects of discounting these potential future losses to 
present value. Since the quantity ZLTO only accounts for the risk of an accident in a representative year, the result is the 
expected loss over the facility life, discounted to present value. 

The FORECAST compUier code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows input for the 
occupational health (accident) attribute. 

5.7.4 Occupational Health (Routine) 

As with occupational health (accident), the evalualion of the effect on occupational health from a change in routine 
exposure due to proposed regulatory actions is a multi-step process. Reduction in exposure is algebraically positive; 
increase is negative (viewed as a negative reduction). 

The steps are as follows: 

I. Estimate reductions in occupational health (routine) risk per facility for implementation (DORI) and operation (DORO) 

(see Section 5.7.4.1) 

2. Convert each reduction in occupational health (routine) risk per facility from person-rems to dollars via monetary 
evaluation of health effects (see Section 5.7.4.2): 

where GORI 
~ 

GORO 
~ 

D OR I ~ 

DoRO 

R 

monetary value of per-facility reduction in routine occupational dose to implement the proposed action, 
before discounting ($Jfacility) 
monetary value of annual per-facilily reduction in routine occupational dose to operate following 
implementation of the proposed action, before discounting ($/facility-year) 
per-facility reduction in routine occupational dose to implement the proposed action (person
remlfacIHty) 
annual per-facility reduction in routine occupational dose to operate following implementation of the 
proposed action (person-remlfacility-year) 
monetary equivalent of unit dose ($fperson-rem). 

3. Discount each reduction in occupational health (routine) risk per facility (dollars) (see Section B.2)(9) 
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4. Sum the reductions and tota1 over all facilities (dollars) : 

where VOHR 
HORl 

HoRO 

N 

= 
= 

= 

= 

discounted monetary value of reduction in occupational health (roUline) risk for all affected facilities ($) 
monetary value of per-facility reduction in routine occupational dose required to implement the proposed 
action, after discounting ($/facility) 
monetary value of per-facility reduction in routine occupational dose to operate following 
implementation of the proposed action, after discounting (S/facility) 
number of affected facilities. 

Note the algebraic signs for DORl and DORO' A reduction in exposure is positive; an increase is negative. The dose for 
implementation (DOR~ would nonnally be an increase and therefore negative. 

If individual facility values rather than generic valueS' are used, the fonnulations can be replaced with 

where i = facility (or group of facilities) index. 

5.7.4.1 Estimation of Change In Routine Exposure 

A proposed NRC action can affect roUline occupational exposures in two ways. It may cause a one-time increase in 
routine dose due to implementation of the action (e.g., installing a retrofit). It may also cause a cbange (either increase or 
decrease) in the recurring routine exposures after the action is implemented. A new coolant system decontamination 
technique, for example, may cause a small implementation dose but may result in a decrease in annual exposures from 
maintenance thereafter. 

For the standard analysis, the analyst may attempt to make exposure estimates, or obtain at least a sample of industry or 
other technical data fur a validation of the estimates developed. There are two components in the development of an 
exposure estimate: estimating the radiation field (remlbour) and estimating the labor hour.; required. The product is the 
exposure (per.;on-rem). In developing operational estimates, the annual frequency of the activity is also required. 

General estimates of radiation fields can be obtained from a number of sources. For power reactors. Chapter 12 of the 
Final Safety Analysis Report (FSAR) fur the plant will contain a panitioning of the power plant into estimated radiation 
zones. Both summary tables and plant layout drawings are usually provided. Some FSARs provide exposure estimates fur 
specific operational activities. The analyst must be cautioned that the FSAR values are calculated, not measured. Actual 
data from operating facilities. as might be obtained from facility surveys, would have greater accuracy. Generic estimates 
of dose rates for work on specific Pressurized Water Reactor (PWR) and BWR systems and components are provided by 
Beal et al. (1987) and included in Section B.3. These are used by Sciacca (1992) in NUREG/CR-4627 along with labor 
hour.; and occupational exposure estimates for specific repair and modification activities. Appropriate references are cited . 
The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) contains a database of 
default dose rates and ranges fur both PWR and BWR systems. 

Work in a radiation zone inevitably requires extra labor due to radiation exposure limits and lower worker efficiency. 
Such inefficiencies arise from restrictive clothing, rubber gloves, breathing through filtered respirators, stan~ing on 
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ladders or scaffolding, or crawling into inaccessible areas. In addition, paid breaks must be allowed for during ajob. 
Basically, there are five types of adjustment factors identified for work on activated or contaminated systems. laGuardia 
et aI. (1986) identify the following five time duration multipliers: 

1. Height (i.e., work conducted at elevations, e.g., on ladders or scaffolds) = 10-20% of basic time duration 

2. Respiratory Protection = 25-50% of basic time duration 

3. Radiation Protection = 10-40% of basic time duration 

4. Protective Clothing = 30% of adjusted time duration 

5. Work Breaks = 8.33% oftota! adjusted time duration. 

Sciacca (1992) provides infonnation from which to estimate relevant labor productivity factors , whose values can vary 
with the status of the plant and work environment at the time of the action. 

Keeping these factors in mind, the analyst can proceed with the estimation of implementation and operational doses. The 
implementation dose would be 

( 

where DORI ~ per-facility reduction in routine occupational dose required to implement the proposed action (person- ( 
rem/facility-year) -

F, ~ radiation field in area of activity (remlhour) 
W, ~ work force required for implementation (labor-hours/facility) . 

As mentioned earlier, implementation dose normally involves an increase, hence the negative sign in the equation. 

The operational dose is the change from the current level; its fonnulation is 

where D ORO 

F, 
Wo 
A, 

S 
A 

~ 

~ 

~ 

~ 

~ 

~ 

annual per-facility reduction in routine occupational dose to operate following implementation of the 
proposed action (person-remlfacility-year) 
radiation field in area of activity (rem!hour) 
work force required for activity (labor-hours/facility-activity) 
number of activities (e.g. , maintenance, tests, inspections) per year (activities/year) 
status quo (current conditions) 
after implementation of proposed action. 

Again, note the algebraic sign for DoRo. As mentioned earlier, an operational dose reduction is positive; an increase is 
negative. 

If the issue does not lend itself to the estimation procedure just presented, the analyst may use the following approximation 
specifically for reactor facilities. To estimate changes in routine operational dose, the analyst may directly estimate 
fractional changes for routine doses. The techniques for soliciting expert opinion discussed in Section 5.6.2 could be 
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employed. The average annual occupational dose for BWRs in 1993 was 330 person-rem/reactor and 0.31 person
rem/worker (see Table B.9). For PWRs, the average was 194 person-rem/reactor and 0.25 person-rem/worker (see 
Table B.lO). The overall average annual occupational dose at LWRs in 1993 was 240 person-rem/reactor and 0.27 
person-rem/worker (see Table B.ll). Additional data on routine occupational exposure for botb power reactors and 000-

reactor facilities are provided in Section B.3. Also, routine occupational risks for selected non-reactor facilities bave been 
assembled into composite lists in Section C.2A. 

For a major effon beyond the standard analysis, the best source of data to estimate both the implementation and 
operational exposures would be a thorough survey of health physicists at the affected facilities. This survey could be 
screened for bias and potential inflated value by a knowledgeable third party. 

5.7.4.2 Monetary Valuation of Routine Exposure 

The analyst should use the $2000 per person-rem conversion factor discussed in Section 5.7.1 .2 for the monetary valuation 
of routine exposures. 

5.7.4.3 Nonradiological Occupational Impacts 

In some cases, it will be possible to identify nonradiologica1 occupational impacts associated with a proposed action. 
When possible, these should be identified and included in the regulatory analysis. One source of data on the incidence of 
occupational injuries for various industries is the report Occupational Injuries and Illnesses in the United States by 
Industry, published annually by the Depanment of Labor's Bureau of Labor Statistics (BLS). Data from this report can be 
accessed from the BLS Home Page on the Internet (URL: http: //stats.bls.gov:80/datahome.htm). 

Occupational injury data should be converted to a dollar valuation. The value of an injury should include medical costs 
and the value of lost production (RWG 1996, Section 5). The value of loss production is nonnally estimated using 
employee wage rates. Pain and suffering costs attributable to occupational injury can be identified qualitatively, bm would 
not nonnally be quantified in dollar tenns. Potential information sources for occupational injury valuation data are the 
National Center for Health Statistics (URL: http://www.cdc.gov/nchswww/nchshome.htm) and the publication Accident 
Facts published annua11y by the National Safety Council based in Itaska, Illinois. 

5.7.5 Offsite Property 

Estimating the effect of the proposed action upon otfsite property involves three steps: 

1 . . Estimate reduction in accident frequency (see Section 5.6), incorporating conditional probability of 
containment/confinement failure, if applicable, 

2. Estimate level of property damage. 

3. Calculate reduction in risk to offsite property as 

VFP ,. NAFD 

where V fP = monetary value of avoided offsite propeny damage ($) 
N = number of affected facilities 
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aF = reduction in accident frequency (events/facility-year) 
D = present value of property damage occurring with frequency F ($-year). 

It is possible that the proposed action mitigates the consequences of an accident instead of, or as well as, reducing the acci
dent frequency. In that event, the value of the action is 

where F = accident frequency (events/facility-year) 
S = status quo (current conditions) 
A = after implementation of proposed action. 

Reduction in offsite property damage costs (Le., costs savings) is algebraically positive; increase (i.e., cost accruals) is 
negative (viewed as negative cost savings). 

An important tool formerly used by the NRC to estimate power reactor accident consequences is the computer program 
CRAC2 (Ritchie et a1. 1985). More recently, the computer code MACCS (Chanin et al. 1990, 1993; Summers et al. 
1995a,b) has been developed to estimate power reactor accident consequences using currently available infornlation . 
MACCS was employed for the consequence analyses in NUREG-1150 (NRC 1991). The ~alyst interested in code 
descriptions for CRAC2 or MACCS is referred to the references cited. 

( .... 

. 

For the standard analysis specifically applied only to power reactor facilities, estimates based on work by Mubayi et al. 
(1995) can be employed. Mubayi el al. (1995) have developed costs for offsite consequences for the five power reactors (. 
analyzed in NUREG-IISO (NRC 1991). These costs have been weighted by the frequencies of the accident release 
categories for the five plants. The results (in 1990 dollars) are given in Table 5.6 . The analysis used Version 1.5.11.1 of 
the MACes computer code (Chanin et al. 1993) on a site-specific basis. Offsite costs have been calculated as the sum of 
those for emergency response and long-term protective action, defined as follows: 

• For early consequences, an effective emergency response plan consisted of evacuation of all but 0.5 % of the popula
tion within a ten-mile radius at a specified speed and delay time following notification of the emergency. 

Thble 5.6 Weighted costs ror offsite property damage for the ftve NUREG-1l50 power reactors 

Type 
Cost (1990 $) Within 50 Miles 

Reactor from the Plant 

Zion PWR 2.23E+8 

Surry PWR 2.30E+8 

Sequoyah PWR 3.19E+8 

Peach Bottom BWR 2.7IE+9 

Grand Gulf BWR 1.87E+8 

Average 2.46E+8 
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• For long-tenn relocation and banning of agricultural products, the interdiction criterion was 4 rem to an individual 
over five years (2 rem in year one, followed by 0.5 rem each successive year). 

Cost values within 50 miles are to be used in the regulatory analysis. Alternative values reffecting shoner and longer 
distances from lhe plan~ may be used for sensitivity analyses or special cases, and are available in Mubayi et aI, (1995). 

The present value for offsite property damage can be calculated as 

D=CxB 

where D ~ present value of offsite property damage (S-year) 
C ~ [exp (-n;) - exp (-n,»)" 

" years remaining until end of facility life 

'; ~ years before facility begins operating 
r ~ real discoum rate (as fraction not percent) 

B ~ undiscounted cost of offsite property damage. 

If a facility is already operating, Ii will be zero and the equation for C simplified to 

C· [I - exp(-n,)]/r 

Should offsite property damage not be discounted in an analysis (e.g., when the time frame is sufficiently short to miligate 
the need for discounting), r effectively becomes zero in the preceding equations, In the limit as r approaches zero, C "" tf 

= 11 (or, C = If when II = 0). This new value for C should be used to evaluate D in the undiscounled case. 

The quantity D must be interpreted carefully to avoid misunderstandings. It does not represent the expected offsite prop
erty damage due to a single accident. Rather, it is the present value of a stream of potential losses extending over the 
remaining lifetime of the facility. Thus, it reflects the expected loss due to a single accident (this is given by the 
quantity B); the possibility that such an accidem could occur, with some probability. at any time over the remainjng 
facility life; and the effects of discounting these potential future losses to present value. When the quantity D is multiplied 
by the annual frequency of an accident, the result is the expected loss over the facility life, discounted to present value. 

Costs for offsite property damage from non-reactor accidents have been assembled in Section C.2.S. However, most are 
given as combined offsite and onsite damage costs and have not been as thoroughly estimated as those by Mubayi et aI. 
(1995) for offsite property damage from power reaclor accidents. 

At a more detailed level. but still within the scope of a standard analysis, the analyst can identify the affected facilities, 
then calculate the proper sum effect rather than relying on generic values. The following steps are required: 

1. Identify affected facilities. 

2. Identify reductions in accident frequency per facility. 

3. Calculate value of property damage per facility. 
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4. Calculate avoided property damage value per facility. 

5. Sum avoided property damage over affected facilities. 

In the 1983 Handbook, Heaberlin et al. made extensive use of NUREG/CR-2723 (Strip 1982) for offsite property cost 
estimation. Strip reported the present value of offsite health and property costs, onsite costs, and replacement power costs 
for accidents in release categories SSTI through SST3 for 91 U.S. power reactor sites. The offsite property costs were 
based on CRAC2 results, with 1970 population estimates and state-wide land use. The analyst may find the site-specific 
emphasis in Strip (1982) helpful in a more detailed value-impact analysis. 

For a major effort beyond the standard analysis, it is recommended that the estimates be derived from infonnatioD more 
site-specific than that used by Strip (1982). For power reactors, the MACCS code with the most recent data available 
should be used. This degree of effort would be relatively costly to conduct, both in tenns of computer costs and data col
lection and interpretation costs. However, it would provide the highest degree of reliability. 

Burke et aI. (1984) examined the offsite economic consequences of severe LWR accidents, developing costs models for the 
following: 

• population evacuation and temporary sheltering, including food, lodging, and transportation 

• emergency phase relocation, including food, housing, transportation, and income losses 

• intennediate phase relocation, beginning immediately after the emergency phase 

• long-term protective actions, including decontamination of land and property and land area interdiction 

• health effects, including the two basic approaches (human capital and willingness-to-pay). 

Thwil et al. (1991) compared three computer models for estimating offsite property damage from power reactor accidents. 
1\vo of the models are the CRAC2-and MACCS codes; the third is the computer code DECON (Tawil et al. 1985). Three 
accident severity categories-SSTI-SSTI-are considered for the six Pasquill atmospheric stability categories (A-F). 
Offsite property damage is calculated for each pairing at cleanup levels from 10 through 200 rerns. A study is also 
perfonned comparing the effect of modeling offsite damage to radii of 50 and 500 miles. It indicates that the choice of 
radius is significant only for the SSTI accident category, the differences being quite pronounced. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows input for the offsite 
property attribute. 

5.7.6 Onsite Property 

Section 4.3. I of the NRC Guidelines states that onsite property damage cost savings (i.e., averted onsite costs) need to be 
include~ in the value-impact analysis. In the net-value formulation it is a positive attribute. 

Estimating the effect of the proposed action on onsile property involves three steps: 

I. Estimate reduction in accident frequency (see Section 5.6). 

2. Estimate onsite property damage. 
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3. Calculate reduction in risk (0 onsite property as 

where Vo, 
N 

"F 
U 

----

Vop .. N.6.FU 

monetary value of avoided onsile property damage ($) 
number of affected facilities 
reduction in accident frequency (events/facility-year) 
present value of property damage occuning with frequency F ($-year). 

Value-Impact 

Reduction in onsite property damage costs (i.e., costs savings) is algebraically positive; increase (i.e., cost accruals) is 
negative (viewed as negative cost savings). 

For the standard analysis, it is convenient to treat onsite property costs under three categories: 1) cleanup and decontami
nation, 2) long-term replacement power, and 3) repair and refurbishment. Each of these categories is considered below 
for power reactors with the focus on large-scale core-melt accidents. Additional categories of costs have been considered 
by Mubayi et aI. ( 1995) and Burke et aI. (1984) as outlined in Section 5.7.6.4, but they were either found to be speculative 
or contributed small fractions to the costs identified below. 

5.7.6.1 Cleanup and Decontamination 

Cleanup and decontamination of a nuclear facility, especially a power reactor, following a medium or severe accident can 
be extremely expensive. For example, Mubayi et aI. (1995) report that the total cleanup and decontamination of TMI-2 
cost roughly $750 million (in 1981 dollars). Murphy and Holter (1982) estimated cleanup costs for a reference PWR and 
BWR for the following three accident scenarios: 

• Scenario 1 - a small LOCA in which ECCS functions as intended. Some fuel cladding ruptures, but no fuel melts. 
The containment building is moderately contaminated, but there is minimal physical damage. 

• Scenario 2 - a small LOCA in which ECCS is delayed. Half of the fuel cladding ruptures, and some fuel melts. The 
containment building is extensively contaminated, but there is minimal physical damage. 

• Scenario 3 - a major LOCA in which ECCS is delayed. All fuel cladding ruptures, and there is significant fuel melt
ing and core damaged. The containment building is extensively contaminated and physically damaged. The auxiliary 
building undergoes some contamination. 

In 1981 dollars, Murphy and Holter estimated the following cleanup costs: 

Scenario 
1 
2 
3 

PWI\ 
$l.05E+8 
$2.24E+8 
$4.04E+8 

BWI\ 
$1.28E+8 
$2.28E+8 
$4.21E+8 

Mubayi et aI. ( 1995) consider the TMI~2 accident to lie between Scenarios 2 and 3, lying closer to Scenario 3 in tenns of 
the contamination and damage to the core. Murphy and Holter's costs were somewhat less than those actually realized at 
TMI. Mubayi et al. (1995) attribute the difference to three factors: 
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I. The start of the TMI cleanup was delayed by 2.5 years due to regulatory and financial requirements. Murphy and 
Holter assumed no additional delays between the accident and start of the cleanup. Mubayi et al. (1995) consider this 
somewhat unrealistic. 

2. Decontamination at TMI required facilities not included in Murphy and Holter's reference plants (e.g., a hot chemis
try laboratory, containment recovery service building, and conunent center/temporary personnel access facility). 

3. TMI required additional decontamination of the containmem building after the reactor was defueled. Murphy and 
Holter excluded this in their analysis. 

When these three factors are considered, the results from Murphy and Holter become reasonably consistent with the actual 
TMI cleanup costs ($7.50E+8 in 1981 dollars~. 

Burke et aI. (1984) produced a very rough estimate of $1.7 billion (in 1982 dollars) for the cleanup and decontamination 
costs following a severe power reactor accident. An uncertainty range of approximately 50% was assigned, bringing the 
lower bound reasonably in line with the actual TMI cleanup cost. A study by Konzek and Smith (1990) updated the 
cleanup costs associated with Murphy and Holter's Scenario 3. Costs ranging from $1.22E+9 to $1.44E+9 (in undis
counted 1989 dollars) were estimated. based on real escalation rates of 4% to 8% during the cleanup period. A base cost 
of $1.03E+9 was estimated assuming no real escalation during the cleanup period. 

( 

\ . 

After converting the costs to undiscounted 1993 dollars. the cost reported by Mubayi et al. (1995) for TMI is SI.2E+9, 
thc base estimate from Konzek and Smith (1990) is $1.2E+9. and the estimate from Burke et 31. (1984), which doubled 
the cost of TMI, is $2.5E+9. Based on these references, the total onsite cost estimates given in Section 5.7.6.4 are based 
on $1.5E+9 (undiscounted) for cleanup and decontamination (Cco in the equations that follow). For sensitivity analysis, £:".' 
lower and upper bounds of $1.0E+9 and $2.0E+9 are recommended for evaluating severe accident effects. \ 

Assuming the $1.5E+9 estimate is spread evenly over a lO-year period for cleanup (Le., constant annual cost of Cco/m = 
$1.5E+8 in the equation below, with Cco = $1.5E+9 and m = 10 years), and applying a 7% real discount rate, the cost 
translates into a net present value of $1.IE+9 for a single event. This quantity is derived from the follo~ing equation (see 
Section 8.2.3): 

where PV CD = net present value of cleanup and decontamination costs for single event ($) 
Cco total undiscounted cost for single accident in constant year dollars ($) 

m = years required to return site to pre-accident state 
r = real discount rate (as fraction, not percent). 

Before proceeding, this present value must be decreased by the cleanup and decontamination costs associated with nonnaI 
reactor end-of-life. The Yankee Atomic Electric Co. (NRC 1995c), Sacramento Municipal Utility District (NRC 1994), 
and Portland General Electric Co. (1995) provided the following estimates to the NRC for decommissioning their Y.utkee 
Rowe, Rancho Seco, and Trojan nuclear power plants, respectively: $3AIE+8 (1991 dollars), $2.80E+8 (1991 dollars), 
and $4.15E+8 (1993 dollars). These suggest a value of approximately $OAE+9 (1993 dollars) for · nonnaI ~ cleanup and 
decommissioning. The analyst can also consult Bierschbach (1995) for estimating PWR decommissioning costs and 
Bierschbach (1996) for estimating BWR decommissioning costs. 

When spread evenly over the same 10-year period at a 7% real discount rate, this translates into a net present value of 
$0.3E+9. However, since this value would ~nonnally ~ be applied at reactor end-of-life (Le., 24 years later, using the 
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estimate from Table B.1), the net present value (at the same 7% real discount rate) is reduced to $O.06E+9. Since this 
amounts to only 5% of the net present value for cleanup and decontamination following a severe accident (Sl.lE+9), it 
can be generally ignored. 

The total onsile cost estimates shown in Section 5.7.6.4 integrate this net present value over the average number of 
remaining service years (24 years) using the following equation: 

where UeD = net present value of cleanup and decontamination over life of facility ($-year) 
tf = years remaining until end of facility life. 

The integrated cost is $1.3E+ 10 over the life of a power reactor. This cost must be multiplied by the accident frequency 
(F, expressed in events per facility-year), and the number of reactors, to detennine the expected value of cleanup and 
decontamination costs. To detennine averted costs, the reduction in accident frequency .6.F is applied as outlined in 
Section 5.7.6. 

For comparison, these costs can also be estimated for less severe accidents as defined by Murphy and Holter's Scenarios 1 
and 2. The estimates shown in the following table were obtained by using $1.lE+9 (1993 dollars) as a base value for 
Scenario-3 PV CD costs, and applying the same relative fractions as shown in Murphy and Holter's (1982) results for 
Scenario- I and 2 costs. The results from Murphy and Holter were not used directly because of the factors cited by 
Mubayi et al. (1995) in comparisons of those estimates with actual cleanup and decontamination costs at TMI. 

Scenario ---.£YeP-

1 $3.1E+8 
2 $6.0E+8 
3 $I.IE+9 

$3.7E+9 
$7.1E+9 
$1.3E+1O 

The issue of license renewal has only moderate implications for the integrated cost estimates (UCD)' With longer operating 
lifetimes, the reactors are at risk for more years, and the costs would be expected to increase accordingly. However, 
because the additional costs are discounted to present wonh tenns, the effect is not substantial. For example, an additional 
life extension of 20 years would only increase the value of UCD for a Scenario-3 accident 15% from SI.3E+ 10 to 
$1.5E+I0. 

5.7.6.2 Long-'Thnn Replacement Power 

Replaced power for short-tenn reactor outages is discussed in Section 5.7.7.1. Following a severe power reacror accident 
(replacement power need be considered only for electrical generating facilities), replacement power costs must be 
considered for the remaining reactor lifetime. ( 11) 

Argonne National Laboratory (ANL) has developed estimates for long-term replacement power costs based on simulations 
of production costs and capacity expansion for representative pools of utility systems (VanKuiken et 81. 1992). VanKuiken 
et al. examined replacement energy and capacity costs, including purchased energy and capacity charges required to pro
vide the same level of system reliability as available prior to the loss of a power reactor (VanKuiken et aI. 1993). In the 
event of a pennanent shutdown, it was assumed that a reactor would be replaced by one or more alternative generating 
units, after an appropriate delay for planning and construction. 
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Capacity expansion and production cost simulations 'Yr'ere performed for six representative power reactors over 4O~year 
study periods. The results were used to estimate replacement power costs for each of 112 reactors which. at the time of 
the study, were expected to be in operation by 1996. Cost estimates for each reactor reflect the remaining lifetimes, 
reactor sizes, and ranges in short-term replacement energy costs (as encountered in each utility) . Averages were deter
mined by summing the individual reactor costs and dividing by the number of reactors evaluated. Characteristics for the 
~generic~ reactor cited in Section 5.7.6.4 reflect an average unit size of 910-MWe and average life remaining of 24 years 
for reactors currently operating and planned. 

Simulation results were first used to estimate lhe present value costs of single accidents occurring in each year of 
remaining facility lifetimes (quantity PV RI' used in the discussions that follow). Each of these net present values represents 
a summation of annual replacement power costs incurred from the year of the assumed accident to the final year of 
service. For example, the average net present value for an event occurring in 1993 is $1.1 E+9. FOf 1994, !.he cost is 
$1.0E+9, and for 1995, the cost is SO.9E+9. The decline in costs with each successive year reflects present value 
considerations and the fact that there are fewer remaining service years requiring replacement power. 

The following equation can be used to approximate the average value of PV RI' for alternative discount rates. 

PV" - [$l.2E • 8"1 [I - exp(-rt,lf 

where PVRI' = net present value of replacement power for a single event ($). 

The $1.2E+8 value used in the above equation has no intrinsic meaning. It is treated in the equation similar to an 
equivalent annua1 cost, but it is aClua11y a substitute for a string of non-constant replacement power costs that occur over 
the lifetime of the generic reactor after an event that takes place in 1993. The equation is omy presented here for 
enmining the effects of a1temate discount rates and remaining reactor lifetimes. 

The above equation for PVRI' was developed for discount factors in the range of 5%-10% . Unlike the equations for PVCD 

and Ueo, the equation for PV RI' diverges from modeled results at lower discount rates. At a discount rate of 3% the 
recommended value for PVRI' is SL4E+9, as compared with the equation estimate of $1.IE+9. For discount rates 
between 1 % and 5% the analyst is urged to make linear interpolations using $1.6E+9 at 1 % and $1.2E+9 at 5%. At 
higher discount rates the equation fOf PVRI' provides recommended estimates of $1.2E+9 at 5% and $1.OE+9 at 10%. 

The results that are applied in Section 5.7.6.4 sum the single-event costs over 311 years of reactor service. While these 
summations were calculated directly from simulation results, ANL found that the outcomes could be closely approximated 
with the equation that follows. The squared term in this equation serves as a proxy for the fact that costs for events in 
future years decline due to the reduced number of remaining service years for which replacement power is required: 

where URP = net present va1ue of replacement power Ovef life of facility ($-year). 

Replacement power costs for the generic unit are estimated to be approximately $10 billion over the life of the facility. An 
uncertainty range for this average is estimated at approximately 20% . However, the range of estimates for specific power 
reactors varies directly with unit size, remaining life, and replacement energy costs. For example. costs were estimated to 
be $7.5 billion for the 1040-MWe Zion-2 reactor, assuming 16 years of remaining operating life. Zion-2 is in a power 
pool with approximately average replacement energy costs. In contrast, costs for Big Rock Point were $120 million due to 
its smaller size (67~MWe). shorter remaining life (8 years assumed). and average replacement energy costs. At the upper 
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limit were costs of $24 billion for the 1000-MWe Nine Mile Point 2 unit, assuming 34 years of service remaining. Nine 
Mile Point 2 is in a power pool with above average replacement energy costs~ 

As noted for PVRP , the equation for URP was developed for discount rates ranging from 5%-10%. For lower discount 
rates, linear imerpoiations for URP are reconunended between SI.9E+ 10 at 1 % and $1.2E+ 10 at 5%. The equation for 
URP yields the recommended values of $1.2E+ 10 at 5% and SO.8E+ 10 at 10%, based on PVRP values described 
previously. 

As discussed in Section 5.7.6.4, these summed costs must be multiplied by the accidenl frequency (expressed in events per 
facility-year) to determine the expected value of replacement power costs for a typical reactor. To determine the value of 
reductions in the accident frequency due to regulatory actions, the total integrated costs must be multiplied by the reduction 
in accident frequency .6.F and the number of reactors affected (N). 

The issue of license renewal has a much more significant impact on replacement power costs than on cleanup and 
decontamination costs. Extending the operating life by an additional 20 years \VOuld increase the net present value of a 
single event (PVRP) by about 38%, and would increase the present value of costs integrated over the reactor life (URP) by 
about 90% (VanKuiken et al. 1992). Thus, a license renewal period of 20 years would mean the generic reactor would 
have a remaining life of 44 years, PVRP would be estimated to be $1.5E+9, and URP would be approximately $1.9E+1O 
(1993 dollars). 

For less severe accidents such as characterized by Scenario-! events, the analyst is referred to Section 5.7.7.1 which 
addresses shon-term replacement energy costs. Replacement capacity costs, which contribute to severe accident costs, are 
not incurred for more temporary reactor shutdowns. 

5.7.6.3 Repair and Refurbishment 

In the event of recoverable accidents (Le., for Scenario I , but not Scenarios 2 or 3), the licensee will incur costs to repairl 
replace damaged components before a facility can be returned to operation (these costs are not included in the total onsite 
cost estimates for severe accidents as addressed in Section 5.7.6.4). Burke et al. (1984) have estimated typical costs for 
equipment repair on the order of $1 ,OOOlhr of outage duration, based on data from outages of varying durations at 
reactors. They suggest an upper bound of roughly 20% of the long-term replacement power costs for a single event. 
Mubayi et al. (1995) observe that the $I,OOOlhr figure corresponds closely to the repair costs following the Browns Ferry 
fire and also to the TMI-l steam generator retubing outage costs. 

5.7.6.4 Thtal Onsite Property Damage Costs 

Based on the information included in Sections 5.7.6.1 and 5.7.6.2, ANL has estimated lhe total cost due to onsile propeny 
damage following a severe reactor accident for the Zion-2 reactor and a "generic" 91O-MWe reactor assumed to have a 
remaining life of 24 years. Total costs are assumed to consist of cleanup and decontamination costs and replacement 
power costs (repair and refurbishment costs are not included for severe accidents). The total costs described below 
correspond to the "risk-based" costs as defined by Mubayi et al . (1995): 

" ... risk-based cost, the discounted net present value of the risk over the remaining life of the plant, which is 
proponional to the accident frequency [F] ... • 

The risk-based costs (quantities U, UCD ' and URP in the equations that follow) must be interpreted carefully to avoid 
misunderstandings. They do not represent the expected onsite propeny damage due to a single accidem. Rather, they are 
the present value of a stream of potential losses extending over the remaining lifetime of the facility. Thus, they reflect 
the expected loss due to a single accident (given by quantities PVCD and PVRP); the possibility that such an accident could 
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occur, with some small probability, at any time over the remaining facility life; and the effects of discounting those 
potential future losses to the present value. When the quantity U is multiplied by the annual accident frequency, the result 
is the expected loss over the facility life, discounted 00 the present value. 

The estimates for total risk-based costs attributed 00 regulatory actions that occur in 1993, expressed in 1993 dollars 
assuming a 7% real annual discount rate, are as follows: 

Variable 

U" 
Uco 
U 

Cost Component 

Replacement Power 
Cleanup & Decontamination 
Total 

$O.7E+I0 x F 
$1.OE+I0 x F 
$1.7E+IO x F 

~Generic~ Reactor 

$1.OE+1O x F 
$1.3E+1O x F 
$2.3E+1O x F 

Alternate values of U may be approximated for different discount rates, years of operation remaining, and estimates for 
CCD and PV RP' However, for changes in discount rate or final year of operation, the analyst is cautioned 00 revise the esti
mates for PVRP using the equation described in Section 5.7.6.2 prior to re-estimating U from the equation that follows. 
Also, for discount rates lower than 5 %, PV RP and VRP should be estimated from interpolation guidelines presented in 
Section 5.7.6.2 rather than from the equations. The relationship -that defines lOtallifetime costs is 

V=UCD+URP 

= [cco/mr'l [I - exp(-n,)l [I - exp(-nn)] + [pV"/r] [I - exp(-n,)], 

where V = total net present value of onsire property damage ($-year). 

The procedure outlined in Section 5.7.6 may be used to evaluate averted onsire property damage using these estimates, 
For illustration, assume that the reduction in severe accident frequency (.lip) is 1.0E-6 and the number of reactors affected 
(N) is Ill, The lotal averted onsite damage costs would be 

v ~ = N .. PU = (111) (I.OE-6) ($2.3E + 10) • $2.6E + 6 

The value of this reduction in accident frequency is $2,6 million (net present value in 1993 dollars). 

The $2,3E+ 10 value used above is an appropriate generic estimate for regulalOry requirements that become effective in 
1993 and that affect severe accident probabilities in that year, For regulatory actions that affect accident frequencies in 
future years, the cost estimates must be adjusted to recognize that the number of reactor-years at risk and the number of 
service years requiring replacement power are reduced. Table 5,7 shows how these factors affect cost estimates for the 
IO-year period of 1993-2002, The results are expressed as net present values discounted 00 the year that the rulemaking is 
assumed to take effect. 

Th illustrate the use of these estimates, assume a reduction in accident frequency of I ,OE-6 begins in 1998 and affects all 
III of the remaining reactors, The revised estimate for V would be $1 ,9E+ 10 and the total averted onsire damage costs 
for this reduction in frequency would be 

VOP '" (111) (1.0E-6)(S1.9E + 10) = $2, IE + 6 (1993 dollars) 
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Thble 5.7 Onsite property damage cost estimates (U) for ruture years (1993 dollars discounted to year of 
implementation) 

Cleanup and Decontamination 
(Ucol Replacement Power (UkP) 'lbtal (U) 

1993 Sl.3E+1O Sl.OE+1O S2.3E+1O 

1994 Sl.2E+1O S9.6E+9 $2.2E+1O 

1995 Sl.2E+1O $9.1E+9 S2.1E+I0 

1996 $l.2E+1O $8.6E+9 $2.1E+1O 

1997 Sl.lE+1O $8.1E+9 Sl.9E+1O 

1998 $l.lE+1O $7.6E+9 $l.9E+1O 

1999 Sl.lE+1O $7.1E+9 $l.8E+1O 

2000 $l.lE+1O $6.6E+9 $l.8E+1O 

2001 Sl.OE+1O $6.2E+9 $l.6E+1O 

2002 $l.OE+1O S5.7E+9 $l.6E+1O 

This would indicate that the reduction in accident frequency valued at S2,6 million beginning in 1993 would be valued at 
$2.1 million if introduced in 1998 (1993 dollars adjusted to 1998). 

The following linear equation provides approximate cost estimates for implementation later than 10 years in the furore. 
The result represents net present value (1993 dollars) discounted to the year of implementation. The analyst must adjust 
the 1993 dollars for general inflation if costs are to be expressed in alternate reference-year dollars. (See Section 5.8 for 
infonnation on adjusting dollar years.) 

U = $2.3E + 10 - ($6.7E +8) (I, - 1993) 

where tl = year of reduction in accident frequency, 

Thus, for regulatory actions that would affect accident probabilities for 86 reactors remaining in service in 2010, the 
revised estimate for U would be 

U - S2.3E + 10 - (S6.7E +8)(2010 -1993) 
= $l.2E + 10 (1993 dollan adjusted to 2010) 

The total averted oosite damages costs for a reduction in accident frequency of 1.OE-6 would be 

V", = (86) (l.OE - 6)(S1.2E + 10) 
z Sl.OE + 6 (1993 dollars adjusted to 2010) 
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This example also illustrates that the number of reactors at risk and the average remaining years of reactor service change 
in the evaluation of future regulatory initiatives. Because of the distribution of license expiration dates, the average 
remaining reactor life does not decrease on a one·to..ane basis with each successive year in the future. 

For 20·year license renewal considerations, the estimates for U discussed above should be increased by approximately 
50% . In 1993, Uco would be estimated at $1 .5E+ 10 (versus Sl.3E+ 10 for 40·year license), and UR, would be estimated 
to be $1.9E+ 10 (versus $1.OE+ 10 for 40-year license). This yields a total of S3.4E+ 10 (1993 dollars) as compared with 
$2.3E+ to for lhe 40-year license assumption. 

Costs for onsite property damage from non-reactor accidents have been assembled in Section C.2.S. However, most are 
given as combined oifsile and onsile damage costs. 

For a major effort beyond the standard analysis, there are two general ways to achieve a greater level of detail: I) the 
analysis can be conducted for individual facilities or groups of similar facilities, using site-specific information; 2) the 
analysis can provide cost information in much greater delail. With regard to the first approach, the most relevant site
specific infonnation includes the cost of long-teno replacement power and the value of the facility and equipment at risk, 
taking into account the remaining useful life of the facility. The ~alyst is referred to VanKuiken et al. (1992) for further 
detail on average shutdown costs for different categories of reactors (e.g., by region, reactor supplier, architect engineer, 
etc.), and guidance for scaling costs for different unit sizes and remaining lifetimes. 

( . 

With regard to providing greater detail on the cost information, the major cost elements (in addition to replacement power) 
are likely to include decontamination and other cleanup costs and repair or replacement of plant and equipment that is 
physically damaged. Other costs relate to transporting and disposing of contaminated materials and equipment. and startup 
costs. Costs for monitoring the site for radiation and fixing contamination at the site will likely be insignificant relative to ( " 
the other costs. The analyst is referred to Murphy and Holter (1982). and the follow-up study by Konzek and Smith \ 
(1990). for detailed cost estimates to decontaminate a nuclear power reactor following a postulated accident. 

Burke et al . (1984) examined the onsite economic consequences of severe LWR accidents, developing cost models for the 
following: 

• replacement power, drawing infonnation mainly from Buehring and Peerenboom (1982) (which has been updated by 
VanKuiken et al. [1992]) 

• plant decontamination, including both medium and large consequence events 

• plant repair. spanning small to large consequence events 

• early decommissioning for medium and large consequence events 

• worker health effects and medical care, primarily for medium and large consequence events 

• electric utility "business" (Le., costs resulting from changed risk perceptions in financial markets and the need to 
replace the income once produced by the operating plant after a power plant is permanently shutdown) 

• nuclear power "industry" (Le., costs resulting from elimination or slowed growth in the U.S. nuclear power industry 
due 10 altered policy decisions and risk perceptions following a severe accident) 

• onsile litigation (Le. , "legal fees for the time and effort of those individuals involved in the litigation process"). 
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The first three categories of costs have been covered in Sections 5.7.6.1-5.7.6.3. The other categories are covered 
elsewhere in this Handbook or are considered to be either speculative or small in magnitude relative to replacement power, 
cleanup and decomamination, and repair costs. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows input for the onsite 
property attribute. 

5.7.7 Industry Implementation 

This section provides procedures for computing estimates of the industry's incremental costs to implement the proposed 
action. Estimating incremental costs during the operational phase that follows the implementation phase is discussed in 
Section 5.7.8. Incremental implementation costs measure the additional costs to industry imposed by the regulation; they 
are costs that would not have been incurred in the absence of that regulation. Reduction in the net cost (Le., cost savings) 
is algebraically positive; increase (i.e., cost accrual) is negative (vie\Ved as negative cost savings). Both NRC and 
Agreement State licensees should be addressed, as appropriate. 

In general, there are three steps that the analyst should follow in .order to estimate industry implementation costs: 

Step 1 - Estimate the amount and types of plant equipment, materials, and/or labor that will be affected by the proposed 
action. 

Step 2 - Estimate the costs associated with implementation. 

Step 3 - If appropriate, discount the implementation costs, then sum (see Section 8.2). 

In preparing an estimate of industry implementation costs, the analyst should also carefully consider all cost categories that 
may be affected as a result of implementing the action. Example categories include 

• land and land-use rights 

• structures 

• hydraulic, pneumatic, and electrical equipment 

• radioactive waste disposal 

• health physics 

• monitoring equipment 

• personnel construction facilities, equipment, and services 

• engineering services 

• recordkeeping 

• procedural changes 
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• license modifications 

• staff training/retraining 

• administration 

• facility shutdown and restan 

• replacement power (power reactors only) 

• reactor fuel and fuel services (power reactors only) 

• items for averting illness or injury (e.g., bottled water or job safety equipment). 

Note that transfer payments (see Sf;Ction 4.3) should not be included. 

For the standanl analysis, the analyst should use consolidated information to estimate the cost to industry for implementing 
the action. Sciacca (1992) is a prime source of such information, providing not only cost estimates, but also labor hours, 
cost rates, and adjustment factors, mainly for reactor facilities. Appropriate references are cited by Sciacca. The 
FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) incorporates much of the 
infonnation assembled by Sciacca (1992) into a computer database for lhe analyst's use in estimating industry implementa
tion as well as olher costs. 

Srep 1 - Estimate lhe amounts and types of plant equipment, materials, and/or labor that will be affected by the proposed 
action, including nOI omy physical equipment and craft labor. but professional staff labor for design, engineering, 
quality assurance, and licensing associated with the action. If the action requires work in a radiation zone, the 
analyst should account for the extra labor required by radiation exposure limits and low worker efficiency due [0 

awkward radiation protection gear and tight quarters (see discussion of labor productivity in Section 5.7.4.1). 

When perfonning a sensitivity analysis. but not for the best estimate, the analyst should include contingencies, 
such as the most recent greenfield construction project contingency allowances supplied by Robert Snow Means 
Co. , Inc. (1995). They suggest adding contingency allowances of 15% at the conceptual stage, 10% at the 
schematic stage, and 2 % at the preliminary working drawing stage. The FORECAST computer code (Lopez and 
Sciacca 1996) contains an option to include an allowance for uncertainty and cost variations at the summary cost 
level. The Electric Power Research Institute (EPRI 1986) offers guidelines for use in estimating the costs for 
~new and existing power generating technologies. ~ EPRI suggests applying two separate contingency factors, one 
for "projects " to cover costs resulting from more detailed design, and one for ~process" 10 cover costs associated 
with uncertainties of implementing a commercial-scale new technology. 

Step 2 - Estimate the costs associated with implementation, both direct and indirect. Direct costs include materials, 
equipment, and labor used for the construction and initial operation of the facility during the implementation 
phase. Indirect costs include required services. The analyst should identify any significant secondary costs that 
may arise. One-time component replacement costs and associated labor costs should be accounted for here. For 
additional information on COSI categories, especially for reactor facilities, see Schulte et aI. (1978) and United 
Engineers and Constructors, Inc. (1979; 1988a, b). 
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Step 3 - If appropriate, discount the costs, then sum. If costs, occur at some future time, they should be discounted to yield 
present values (see Section B.2). If all costs occur in the first year or if present value costs can be directly 
estimated, discounting is not required. Generally, implementation costs would occur shonty after adoption of the 
proposed action. 

When performing value-impact analyses for non-reactor facilities, the analyst will encounter difficulty in finding 
consolidated infonnation on industry implementation costs comparable to that for power reactors. Comprehensive data 
sources such as Sciacca (1992) and the references from which he drew bis information are generally unavailable for noo
reactor facilities. Some specific information for selected nOD-reactor facilities is in Sections C.7-C.IO. The types of 000-

reactor facilities (see Section C. l) are quite diverse. Funhermore, within each type, the facility layouts typically lack the 
limited standardization of the reactor facilities. These combine to leave the analyst pretty much ~on his ownM in 
developing industry implementation costs for non-reactor facilities. The analyst should follow the general guidelines given 
in this Handbook section. Specific data may be best obtained through direct contact with knowledgeable sources for the 
facility concerned, possibly even the facility personnel themselves. 

For a major effon beyond the standard analysis, the analyst should obtain very detailed infonnation. in terms of the cost 
categories and the costs themselves. The analyst should seek gui~ance from NRC contractors or industry sources experi
enced in this area (AE firms, etc.). The incremental costs of the action should be defined at a finer level of detail. The 
analyst, should refer to the code of accounts in the Energy Economic Data Base (EEDB [United Engineers and Con
structors, Inc. 1988b]) or Schulte et al. (1978) to prepare a detailed account of implementation costs. 

5.7.7.1 Short-'Thnn Replacement Power 

For power reactors, the possibility that implementation of the proposed action may result in the need for short-term 
replacement power must be addressed. Section 4.3.2 of the Guidelines indicates that replacement power costs are to be 
incorporated into a regulatory analysis when appropriate. Unlike the long-term costs associated with severe power reactor 
accidents discussed in Section 5.7.6.2, the replacement power costs associated with industry implementation of a 
regulatory action would be shon-term. 

For a Mtypical ~ 91O-MWe reactor operating at an average capacity factor of 60%-65 %, VanKuiken et al. (1992) suggests 
$31O,000/day (1993 dollars) as an average cost for shon-term replacement power. The 60%-65% range in capacity factor 
is representative of annual averages, accounting for unplanned outage periods and planned outage periods for maintenance 
and refueling. However, if the timing of a shon-tenn shutdown coincides with a time when a power reactor is expected to 
be fully operational, then a higher average cost per day is more appropriate. At a capacity factor of 100%. the average 
cost for the typical reactor is estimated to be $480,OOO/day (1993 doliars). 

At a more detailed level, VanKuiken et al. (1992) project the seasonal replacement power costs for potential short-term 
shutdowns of 112 nuclear power plants over the five-year period from 1992 through 1996. These costs are estimated from 
probabilistic production-cost simulations of pooled utility-system operations. Average daily replacement power costs are 
presented by season for each of the 112 plants. The 20 U.S. power pools containing these plants are identified along with 
their following characteristics: total system capacity, annual peak load, annual energy demand, annual load factor, prices 
for fuels, and mix of generation by fuel type. 

The sensitivity of replacement power costs to changes in oil and gas prices is quantified for each power pool. The effects 
of multiple plant shutdowns are addressed, with the replacement power costs quantified for each pool assuming all plants 
within the pool are shutdown. 
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The replacement power cost information compiled in an analogous but earlier study by VanKuiken et al. (1987) has subse
quently been incorporated into two cost analysis computer codes. The Replacement Energy Cost Analysis Package 
(RECAP [VanKuiken et aI. 1994]) determines the replacement energy costs associated with shon-term shutdowns of 
nuclear power plants, and can be applied to determine average costs for general categories based on location, unit type 
(e.g., BWR), constructor, utility, and other differentiating criteria. Plant-specific costs are also available, and can be 
evaluated for user-specified outage durations and alternative capacity factor assumptions. FORECAST (Lopez and Sciacca 
1996), a computer code for regulatory effects cost analysis, provides the user with the capability to estimate replacement 
power costs in current year dollars. Sciacca (1992) also provides a discussion and data for use in estimating replacement 
power costs based on this earlier study by VanKuiken et al . (1987). 

Imposition of a new regulation often requires that a nuclear power plant be shutdown while the modification takes place. 
If the requirement is needed to meet adequate protection, the analyst can assume that the required downtime is independent 
of any scheduled downtime, thereby realizing full replacement power costs. However. the modification often is not 
needed to meet adequate protection , enabling it to be completed during already scheduled downtime. Only if the time 
needed to perform the modification exceeds that allotted for the scheduled downtime should any replacement power costs 
accrue, these being solely due to the excess time. 

The most likely scenario permits the modification to be accommodated completely within already scheduled downtime, and 
this has frequently been the policy adopted by the NRC. As a result, no replacement power costs accrue. While this 
assumption holds for a modification performed in the absence of others required by new regulations, it tends to 
underestimate the cost of multiple modifications resulting from the cumulative effect of new NRC requirements. When 
multiple modifications are performed. as they often are, the originally scheduled downtime may be insufficient to 
accommodate all of them. Usually, this results from the limited number of available maintenance personnel and space 
restrictions for nearby component repair or service. 

Historic data indicate roughly 15 days per year, or 17 % and 25 % of the annually scheduled downtime for PWRs and 
BWRs, respectively, can be attributed to the cumulative impact of new regulatory requirements. Assuming the contribu
tion of each regulatory requirement to the incremental downtime equals the overall percentage increase, one can assign a 
prorated share to that requirement (Le., 17% for PWRs, 25% for BWRs, or roughly 20% for LWRs in generaJ). For 
example, if a regulatory requirement requires one-week of reactor shutdown time, 1.2 days (PWRs), 1.8 days (BWRs), or 
1.4 days (LWRs) of additional downtime and, thus, replacement power costs would accrue. 

5.7.7.2 Premature Facility Closing 

SeveraJ nuclear power plants have been voluntarily shut down prior to the expiration of their operating licenses. 
NOrmally, a decommissioning cost of approximately $O.3E+9 0.993 dollars) would be associated with an end-of-Iife 
shutdown (see Section 5.7 .6, 1). Howev~r, if a proposed regulatory requirement is expected to result in a premature 
shutdown, this cost is shifted to an earlier time with an associated net increase in its present value. For example, if a plant 
with an estimated t years of remaining life is prematurely closed, the net increase in present value, for a real discount rate 
of r, becomes ($O.3E+9) [1 - 1/(1 +r)1. 

Thus, a plant closed 20 years early will incur an additional cost of $O.2E+8 for a 7% real discount rate. 

5.7.8 Industry Operation 

This section provides procedures for estimating industry'S incremental costs during the operating phase (Le., after 
implementation) of the proposed action. The incremental costs measure the additional costs to industry imposed by the 
proposed action; they are costs that would not have been incurred in the absence of the action. Reduction in the net cost 
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(i.e., cost savings) is algebraically positive; increase (i.e., cost accrual) is negative (viewed as negative cost savings). 
Both NRC and Agreement State licensees should be addressed, as appropriate. 

In general, there are three steps that the analyst should follow in order to estimate industry operation costs: 

Step I - Estimate the amount and types of plant equipment, materials, andlor labor that will be affected by the proposed 
action. 

Step 2 - Estimate the associated costs. 

Step 3 - Discount the costs over the remaining lifetimes of the affected faciliti~s, then sum (see Section B.l). 

Costs incurred for operating and maintaining facilities may include, but are not limited to, the following: 

• maintenance of land and land-use rights 

• maintenance of structures 

• operation and maintenance of hydraulic, pneumatic, and electrical equipment 

• scheduled radioactive waste disposal and health physics surveys 

• scheduled updates of records and procedures 

• scheduled inspection and test of equipment 

• scheduled recertification/retraining of facility personnel 

• associated recurring administrative costs 

• scheduled analytical updates. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows user input for 
industry (licensee) operation costs. 

For the standard analysis, the analyst should proceed as follows: 

Step I - Estimate the amount and types of plant equipment, materials, andlor labor that will be affected by the proposed 
regulation, including professional staff time associated with reporting requirements and compliance activities. 
Possible impacts on a facility's capacity factor shou1d be considered. The analyst may consult with engineering 
and costing experts. as needed. The analyst could seek guidance from NRC contractors, architect engineering 
firms, or utilities. 

Step 2 - Estimate the associated operation and maimenance costs. The analyst should consider direct and indirect effects 
of the action; for example, the action could have an impact on plant labor, which, in tum. could affect 
administrative costs. 

Step 3 - Discount the total costs over the remaining lifetime of the affected facilities (see Section B.2). 
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Much of the discussion on industry implementation costs in Section 5.7.7 for non-reactor facilities applies here for 
operation costs. Again, the analyst will generally not find consolidated cost infonnation comparable to that for power 
reactors facilities. As before, Sections C. 7-C.IO provide some limited data. However, the analyst may again need to rely 
on "engineering judgement, • although specific data may be available through direct contact with cognizAnt industryl 
contractor personnel. 

For a major effort beyond the standard analysis, the analyst should seek specific guidance from contractor or industry 
sowces experienced in this area. The user may wish to use contractors who have developed explicit methodologies for 
estimating operating and maintenance costs. The following references can provide useful information for industry opera
tion costs: Budwani (1969); Carlson et al. (1977); Clark and Chockie (1979); Eisenhauer et aI. (1982); EPRI (1986); 
NUS Corporation (1969); Phung (1978); Roberts et aI, (1980); Stevenson (1981); and United Engineers and Constructors, 
Inc. (1979; 1988a, b). 

5.7.9 NRC Implementation 

Once a proposed action is defined and the Commission endorses its application, the NRC will incur costs to implement the 
action. Implementation costs refer to those "front-end" costs· necessary 10 realize the proposed action. All costs associated 
with pre-decisional activities by the NRC are viewed as "sunk" costs and are excluded from the NRC implementation 
costs, Reduction in the net cost (i.e., cost savings) is algebraically positive; increase (Le., cost accrual) is negative 
(viewed as negative cost savings). 

Implememation costs to the NRC may arise from developing procedures, preparing aids, and taking other actions to assist 
in or assure compliance with the proposed action.(1J) The analyst should delertnine whedler the proposed action will be () 
implemented entirely by the NRC or in cooperation with one or more Agreement States. Implementation costs shared by '-
Agreement States may reduce those of the NRC and are discussed in Section 5.7.11. 

NRC implementation costs include only the incremental costs resulting from adoption of the proposed action. Examples of 
these costs are as follows: 

• developing guidelines for interpreting the proposed action and developing enforcement procedures 

• preparing handbooks for use by the NRC staff responsible for enforcement and handbooks for use by others 
responsible for compliance 

• supporting and reviewing a licensee's change in teclmical specifications 

• conducting initial plant inspections to validate implementation. 

Sciacca (1992) and the FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) assist the 
analyst in calculating these and MotherM implementation costs. Implementation costs may include labor costs and overhead, 
purchases of equipment, acquisition of materials, and the cost of tasks to be carried out by outside contractors. Equipment 
and materiaIs that would be eventually replaced during operation should be included under operating costs (see 
Section 5.7.10) rather than implementation costs. 

Three steps are necessary for estimating NRC implementation costs: 
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Step 1 - Detennine what steps the NRC must take to put the proposed action into effect. 

Step 2 - Determine the requirements for NRC staff, outside contractors, materials, and equipment. 

Step 3 - Estimate the costs of the required resources, discount if appropriate, then sum (see Section B.2). 

Implementation is likely to affect a number of NRC branches and offices. For example, the Office of Nuclear Regulatory 
Research (RES) may develop a regulatory guide, the Office of Nuclear Reactor Regulation (NRR) may review any 
licensee submissions, and the NRC Regional Offices may inspect against some portion of the guide in operating facilities. 
In developing estimates for the implementation costs, the analyst is encouraged to contact all of the NRC components 
likely to be affected by the proposed action. 

For the standard analysis, the analyst should identify the major tasks that must be perfonned to get the proposed rule 
implemented, major pieces of equipment (if any) that must be acquired, and major costs of materials. Major tasks are 
then assessed to estimate the approximate level of effort (in proressional staff person-hours) necessary to complete them. 
The number of person-hours for each task is multiplied by the appropriate NRC labor rate and then summed over all of the 
tasks. In 1996 dollars, the average NRC labor rate (salary and benefits plus allocated agency management and support) is 
$67 .50/person-hr. (14) 

Similarly, the costs to complete tasks that would be contracted out also need to be estimated. In order to obtain a 
reasonably good approximation of contractor costs, the analyst shou1d contact the NRC component that would be responsi
ble for contracting for the tasks. Finally, the costs of major pieces of equipment and quantities of materials are added to 
the labor and contract costs. . 

When other data are unavailable, the ana1yst may assume as an approximation that for a nOR-controversial amendment to 
an existing rule or regulation implementation will require the following: a total of one professional NRC staff person-year 
at a cost of $122,OOOfperson-year (in 1996 dollars), no additional equipment. and no additiona1 materials. For a new rule 
or regulation. it is much more difficult to supply a rough but reasonable estimate of the implementation cost, because the 
level of effort and types and quantities of macbinery and materials can vary dramatically. One recourse would be to use as 
a proxy the implementation costs for a recently adopted regulatory requirement that is similar to the proposed measure. 
The relative similarity of the two requirements shou1d be judged with respect to the effort required to implement the 
proposed measure. 

For a major effort beyond the standard ana1ysi~, a more detailed and complete accounting would be expected. The analyst 
can request the responsible NRC office to provide available information, such as paper submittals or records of initial 
inspections. 

5.7.10 NRC Operation 

After a proposed action is implemented, the NRC is likely to incur operating costs. These are the recurring costs that are 
necessary to ensure continued compliance. For example, adding a new regulation may require that NRC perform periodic 
inspections to ensure compliance. The analyst should determine whether operations resulting from the proposed action 
will be conducted entirely by the NRC or in coopera.tion with one or more Agreement States. Reduction in the net cost 
(i.e., cost savings) is algebraically positive; increase (i.e., cost accrual) is negative (viewed as negative cost savings). 

There are three steps for estimating NRC operating costs: 
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Step 1 - Determine the activities that the NRC must perform after the proposed action is implemented. 

Step 2 - Estimate NRC staff labor, contractor support and any special equipment and material required. 

Step 3 - Estimate the costs of the required resources, discount (usually over the remaining lifetimes of the affected 
facilities. as fur industry operation costs) to yield present value, then sum (see Section 8.2). 

In detennining the required post-implementation activities, the analyst should carefully eAamine the proposed action, 
asking such questions as the following: 

• How is compliance with the proposed action to be assured? 

• Is periodic review of industry performance required? 

• What is an appropriate schedule for such review? 

• Does this action affect ongoing NRC programs, and, if so, will it affect the costs of those programs? 

Since recurring costs attributable to the proposed action may be incurred by several NRC branches and offices, the analyst 
is encouraged to contact all of the NRC components likely to be affected. The FORECAST computer code for regulatory 
effects cost analysis (Lopez and Sciacca 1996) allows user input for NRC operation costs. 

For the standard analysis, the analyst should obtain estimates of the number of full-time equivalent professional NRC staff 
person-hours that would be required to ensure compliance with the proposed rule. Each person-hour should be costed at 
$67.50/person-he (in 1996 dollars) (refer to endnote 14). Major recurring expenditures for special equipment and 
materials, and for contractors, should be added. Since operating costs are recurring, they must be discounted as described 
in Section B.2, usually over the remaining lifetimes of the affected facilities, 

A major effort beyond the standard. analysis would proceed along the lines described above, except that greater detail 
would be provided to account for 'acquisitions of special equipment and materials. 

5.7.11 Other Government 

This attribute measures costs to the federal government (other than the NRC) and stale (including Agreement State) and 
local governments, The discussion parallels that for NRC implementation and operation in Sections 5,7.9-5.7,10. 
Reduction in the net cost (Le" cost savings) is algebraically positive; increase (Le,. cost accrual) is negative (viewed as 
negative cost savings), 

Implementation costs to the federal (non-NRC) government and to state and local governments may arise from developing 
procedures, preparing aids, supporting license amendments, and taking action to assure compliance with the proposed 
action, For example, placing roadside evacuation route signs for the possibility of a radioactive release from a nearby 
power reactor would require expenditures from selected government agencies, As another example, requiring criminal 
investigation checks for nuclear reactor persoIUlel may require resources of the Federal Bureau of Investigation. When 
estimating the implementation costs, the analyst should be aware that they may differ between Agreement and non
Agreement States. Such differences should be taken into account in preparing cost estimates, 

Three steps are needed to estimate the other government implementation costs: 
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Step 1 - Determine what steps the other governments must take to put the proposed action into effect. 

Step 2 - Determine the requirements for government staff, outside contractors, materials, and equipment. 

Step 3 - Estimate the costs of the required resources, discount if appropriate, then sum (see Section B.2). 

Implementation is likely to affect a number of government branches and offices. In developing estimates for the 
. implementation costs, the analyst is encouraged to contact all of the government components likely to be affected by the 
proposed action. The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows 
input for other government costs. 

For the standard analysis, the analyst should identify the major tasks that must be perfonned to get the proposed rule 
implemented, major pieces of equipment (if any) that must be acquired, and major costs of materials. Major tasks are 
then assessed to estimate the approximate level of effort (in professional staff person-hours) necessary to complete them. 
The number of person-hours for each task is multiplied by the appropriate labor rate and then summed over all of the 
tasks. 

. 
Similarly, the costs to complete tasks that would be contracted out also need to be estimated. In order to obtain a 
reasonably good approximation of in-house and contractor costs, the analyst should contact the government agencies that 
would be responsible for carrying out or contracting for the tasks. Finally, the costs of major pieces of equipment and 
quantities of materials are added to the labor and contract costs. 

After a proposed action is implemented, the federal (non-NRC) government and state and local governments may incur 
operating costs. These are the recurring costs that are necessary to ensure continued compliance. For example, adding a 
new regulation may require that other government agencies in addition to the NRC perform periodic inspections to ensure 
compliance. The analyst should detennine whether operations resulting from the proposed action will be conducted 
entirely by the NRC or in cooperation with one or more other government agencies. 

The three steps for estimating the other government operating costs are 

Step 1 - Detennine the activities that the other governments must perfonn after the proposed action is implemented. 

Step 2 - Estimate government staff labor, contractor support, and any special equipment and material required. 

Step 3 - Estimate the costs of the required resources, discount (usually over the remaining lifetimes of the affected facili
ties, as for NRC operation costs) to yield present value, then sum (see Section B.2). 

In detennining the required post-implementation activities, the analyst should carefully examine the proposed action, ask
ing such questions as the following: 

• Does compliance with the prop~sed action require non-NRC cooperation? 

• Is periodic review of industry perfonnance required beyond that of the NRC? 

• What is an appropriate schedule for such review? 

• Does this action affect ongoing government programs, and, if so, will it affect the costs of those programs? 
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Since recurring costs attributable to the proposed action may be incurred by several government branches and offices, the 
analyst is encouraged to contact all componenls likely to be affected. 

For the standard analysis, the analyst should obtain estimates of the number of full-time equivalent professional staff 
person-hours that would be required to ensure compliance with the proposed rule. Each person-hour should be costed at 
the appropriate labor rate (an average. NRC labor rate of $67.50/person-hr [in 1996 dollars] maybe used as a substitute if 
no more specific value is available [refer to endnote 14]). Major recurring expenditures for special equipment and 
materials, and for contraclOrs. should be added. Since operating costs are recurring, they must be discounted as described 
in Section B.2. usually over the remaining lifetimes of the affected facilities. 

A major effort beyond the standard analysis would proceed along the lines described above, except that a more detailed 
and complete accounting would be expected. The analyst could request the responsible govemmem agencies to provide 
available inrormation. 

5.7.12 General Public 

This attribute measures costs incurred by members of the general public, other than additional taxes, as a result of imple
mentation of a proposed action. Taxes are viewed simply as transfer payments with no real resource commitment from a 
societal perspective. Reduction in the net cost (i.e., cost savings) is algebraically positive; increase (i.e., cost accrual) is 
negative (viewed as negative cost savings). 

Typically, costs to the general public cover such items as increased cleaning due to dust and construction-related 
pollutants, property value losses, or inconveniences, such as testing of evacuation sirens. Care must be taken not to 
double count for general public and other government costs. If a cost could be assigned to either group, it should be 
assigned where more appropriate, the analyst remembering not to account for it again in the other auribute. 

The two steps to estimate costs to the general public are as follows: 

Step / - Identify the adverse impacts incurred by the general public to implement the proposed action. 

Step 2 - Estimate the costs associated with these adverse impacts, discount if appropriate, then sum (see Section 8.2). 

This attribute is not expected to be one commonly affected by regulatory actions. However. if relevant, the standard 
analysis would require the analyst to identify the major activities to implement the proposed action that will result in 
adverse impacts to the general public. Public records or analogous experience from other communities could be used as 
information sources to estimate the costs to the general public. 

5.7.13 Improvements in Knowledge 

This attribute relates primarily to proposals for conducting assessments of the safety of licensee activities. At least four 
major potential benefits are derived from the knowledge produced by such assessments: 

• improvements in the materials used in nuclear facilities 

• improvement or development of safety procedures and devices 

• production of more robust risk assessments and safety evaluations, reducing uncertainty about the relevant processes 
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• improvement in regulatory policy and regulatory requirements. 

To the extent that the effects of regulatory actions can be quantified, they should be treated under the appropriate quantita
tive attributes. On the other hand, if the effects from the assessments are not easily quantified. the analyst still has the 
burden of justifying the effort and providing some indication of its effect. If necessary. this justification would be 
expressed qualitatively under this attribute. An effort should be made to identify the types of values and impacts that are 
likely to accrue and to whom. 

Consider the following statement: 

This assessment effort has a reasonable prospect of reducing our uncertainty regarding the likelihood of contain
ment failure resulting from hydrogen burning. Such an accident may be a significant source of risk. The know
ledge from the proposed assessments would enable us to assess more accurately the overall accident risk posed by 
nuclear reactors. and this in tum should benefit the public through better policy decisions. 

While this statement describes why the proposed assessment is needed, no infonnation is provided for evaluating the 
merits of the proposed assessment. 

Providing answers to the following questions would help to fiU this information gap: 

• What are the likely consequences of a hydrogen-burning accident? 

• To what extent would the proposed assessment reduce the uncertainty in the likelihood of a hydrogen-burning 
accident? 

• Given our current information. what is the contribution of hydrogen burning to overall accident risk? 

The above questions are specific to a particular topic. For the broader problem of providing a value-impact ~ysis of an 
assessment proposal. it is recommended that the analyst be responsive to the following list of more general questions: 

• What are the objectives? 

• If the assessment is successful in meeting its objectives, what will be the social benefits? 

• Is there a time constraint on the usefulness of the results? 

• Who will benefit from the results. by how much. and when? 

• What is the likelihood that the assessment will fail to meet its objectives within the time and budget constraints? 

• What will be the social costs (and benefits) if the assessment is not successful, or if the assessment is not undertaken? 

5.7.14 Regulatory Efficiency 

Regulatory efficiency is an attribute that is frequently difficult to quantify. If it can be quantified. it should be included 
under one or more of the other quantifiable attributes. If quantification is not practical, regulatory efficiency can be 
treated in a qualitative manner under this attribute. For example achieving consistency with international standards groups 
may increase regulatory efficiency for both the NRC and the groups. However. this increase may be difficult to quantify. 

5.59 NUREG/BR-Ol84 



Value~Impact 

If necessary. this justification would be expressed qualitatively under this attribute. An effort should be made to identify 
the types and recipients of values and impacts likely to accrue. If the proposed NRC action is expected to have major 
effects on regulatory efficiency, then a proper evaluation of these effects may require a level of effort commensurate with 
their magnitude. This may mean expending resources to obtain the judgments of experts outside of the NRC if the neces~ 
sary expertise is not available in-house. 

To obtain useful information, the analyst can solicit expert opinion in a number of ways. A general discussion of those 
methods and others is found in Quade (1975), especiaJJy Chapter 12, MWhen Quantitative Models are Inadequate. ~ One 
way is to convene the experts in a round-table discussion with the objective of reaching a consensus. This technique bas 
some of the drawbacks of a committee meeting·oohen the assumptions are not made explicit, and strong~willed (or strong~ 
voiced) individuaJs often carry undue weight. 

Another way of pooling expert opinion in a systematic manner is to use one of the numerous procedures for iterative group 
decision~making. For example, the Delphi technique (Dalkey and Helmer 1963; Humphress and Lewis 1982) is a proce~ 
dure that features an anonymous exchange of information or expert opinion. This approach is designed to encourage the 
modification of earlier answers by each expert so that a group consensus can be achieved. Even if consensus is not 
achieved, information is produced that allows the analyst to compile; statistical estimates of the responses. 

Whether the assessment is performed by a panel of experts or by the analyst, the following are questions that might be 
considered in order to focus on that assessment: 

• Does this action conflict with any other NRC/federal/state directives? 

• Are there any nuclear facilities for which (or conditions under which) this action might have unexpected or undesirable 
consequences? 

• Do you foresee any major enforcement problems with this action or regulation? 

• What sort of adjustments migl:lt industry undertake to avoid the regulation's intended effects? 

• How will the regulation impact productivity in the nuclear/electric utility industries? 

• How will this action affect facility licensing times? 

• How will this action affect the regulatory process within the NRC (andlor other regulatory agencies)? 

5.7.15 Antitrust Considerations 

This qualitative attribute is not expected to be one commonly affected by regulatory actions. However, the NRC does 
have a legislative mandate in Section 105 of the Atomic Energy Act to uphold the antitrust laws. Thus, this attribute can 
be relevant for those proposed actions which may potentially violate the antitrust laws. If applicable, antitrust considera~ 
tions should be explored with the NRC Office of the General Counsel early in the ana1ysis to preclude analyzing an issue 
clearly in conflict with these laws. If antitrust considerations are involved, and it is determined that antitrust laws would 
be violated, then the proposed action must be reconsidered and, if necessary, redefined to preclude such violation. 
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5.7.16 Safeguards and Security Considerations 

Safeguards and security considerations include protection of the common defense and security and safeguarding restricted 
data and national security information. In more practical terms, this means providing adequate physical security and 
safeguards systems to prevent the diversion of certain types of fissionable and radioactive materials, the perpetration of 
acts of radiological sabotage, and the theft by unauthorized individuals of restricted data or national security information. 

The NRC has a legislative mandate in the Atomic Energy Act to assure the objectives mentioned above. Througb its 
regulations and regulatory guidance, the NRC has established a level of protection deemed to satisfy the legislative 
mandate. As is the case for adequate protection of the health and safety of the public, this level of protection must be 
maintained without consideration of cost. 

While quantification of safeguards and security changes may be difficult, the analyst should attempt quantification when 
feasible. If this process is impossible, the analyst may proceed with a qualitative analysis under this attribute. 
Section 5.7.14, where methods of evaluating expert opinion are discussed, may be helpful. 

5.7.17 Environmental Considerations 

Section 102 of the National Environmental Policy Act (NEPA) requires federal agencies to consider environmental impacts 
in the performance of their regulatory missions. NRC's regulations implementing NEPA are in 10 CFR Part 51 . Any 
documentation prepared to satisfy NEPA and Part 51 should be coordinated with any regulatory analysis documentation 
covering the same or similar subject matter as much as possible. 

Environmental impacts can have monetary effects (e.g. , environmental degradation, mitigation measures, environmental 
enhancements). which could render potential alternative actions unacceptable or less desirable than others. Therefore. at a 
minimum. such effects should be factored into the· value-impact analysis. at least to the extent of including a summary of 
the results of the environmental analysis. 

Many of the NRC's regulatory actions are subject to categorical exclusions as set forth in 10 CFR 51.22. In these cases. 
detailed environmental analyses are not performed. and there will be no environmental consideration to factor into the reg
ulatory analysis. In some cases, a generic or programmatic environmental impact statement (EIS) is prepared. If such is 
the case, Section 5.3 of the Guidelines allows portions of the EIS to be referenced in lieu of performing cenain elements 
of the regulatory analysis. In the remaining cases. it may be that the regulatory analysis alternative being considered will 
initiate tbe requirement for review of environmental effects. For purposes of the regulatory analysis document. the 
preferred approach to be used in this situation is to perform a preliminary environmental analysis. identifying in general 
terms anticipated environmental consequences and potential mitigation measures. The results of this preliminary analysis 
should be quantified under the appropriate quantitative attributes. if possible. or addressed qualitatively under this 
attribute, if not quantified. 

5.7.18 Other Considerations 

There may be other considerations associated with a particular proposed action that are not captured in the preceding 
descriptions. Possible examples might include the way in which the proposed action meets specific requirements of the 
Commission. EDO. or NRC office director that requested the regulatory analysis; the way in which the proposed action 
would help achieve NRC policy; or advantages or detriments that the proposed action would have for other NRC programs 
and actions. If quantifiable, the effect should be included in essentially the same way as in the quantitative attributes. 
Because such considerations would be expected to be unusual. some additional discussion in the regulatory analysis 
document should be provided. 
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The analyst needs to give thoughtful consideration to the possible effects of the proposed action. Some of the effects may 
not be immediately obvious. The analyst may wish to consult with other knowledgeable individuals to aid in the identifica
tion of all significant effects. These considerations need to be presented clearly to facilitate the reader's understanding of 
the issues. 

When quantification of effects is not feasible, the analyst may still be able to provide some indication of the magnitude 10 
facilitate comparison among alternatives, and comparison with quantifiable attributes. Comparative language (greater 
than, less than, about equal to) can be very helpful in achieving this objective, as long as the analyst can make the neces
sary judgements. Consultation with experts or other knowledgeable individuals may be required. 

5.8 Summarization of Value-Impact Results 

Having completed the value-impact analysis for one or more alternatives of the proposed action, the analyst should sum
marize the results for each alternative using a summary table such as that shown as Figure 5.1. Such a tabular 

Title of Proposed Action I Date 

Summary of Problem and Proposed Solution: 

Quantitative attribute 
Present value estImates -($) 

Low" Best High'" 

Public 
Accident 

Health 
Roullne 

Occupational 
ACCident 
Routme 

Property 
OttSlte 

-Onsite 

Industry 
mp ementation 

Operation 

NRC 
ImPfementation 

( peration 
Other Government 

General PlibfIC 

f'fET-vAI:UJr (Sum) 

(ar LOweslunates conespoiid to-the worst case, I.e., highest costs and lowest benefits, 
relative to the baseline case. 

(b) Best estimates are nonnally the expected value, but could be other point estimates such as 
the mean or median (see Section 4.3 of the Guidelines). 

(e) High estimates conespond to lowest cost estimates and highest benefit estimates. 

Conunents: Discuss any other attribmes considered, compliance with Safety Goal guidance, special considerations, etc. 

Flgure 5.1 Summary of V8lu~impact results 
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presentation provides a unifonn fonnat for recording the results of the evaluation of all quantitative attributes plus a 
comments section to discuss other attributes considered. compliance with the Safety Goal guidance, special considerations, 
etc. It displays the results for the net-value measure, discussed in Section 5.2'. 

All dollar measures should be present valued and expressed in terms of the same year. This may require conversion of 
some dollar values from whatever years in which they have been expressed to one common year. Sciacca (1992) describes 
techniques for these conversions. The Gross Domestic Product (GDP) price deflator can be used to convert historical 
nominal dollars to dollars of one common year. Financial publications, such as National Economic Trends by the Federal 
Reserve Bank of St. Louis, supply implicit price deflators for the GDP, through the current year. GDP price deflator 
infonnation from the Federal Reserve Bank of Chicago is also available at the following Internet address: 
http ://gopher.great-lakes.net:2200/0/partners/ChicagoFedJeconindl. 

When recording the low and high estimates for an attribute, the analyst should genera1ly record the lowest and highest 
estimates if multiple estimates are made. For e:wnple, suppose the analyst calculated a best estimate of -$5.0E+5 for 
NRC implementation cost (the negative value indicates the cost will be an expense rather than a savings), The analyst then 
perfonnoo two separate sensitivity analyses, obtaining the following sets of low (more negative) and high (less negative) 
estimates: 

Sensitivity A 
Sensitivity B 

Lew Estimate 
-$7.5E+5 
-$l.OE+6 

High Estimate 
-$2.5E+5 
-$3.0E+5 

The analyst should record the lowest (most negative) and highest (least negative) estimates in Figure 5.1 (i.e., -$1.0E+6 
and -$2.5E+ 5, respectively), even though each comes from a different sensitivity analysis. 

The net value is the required value-impact measure (see Section 5.2). Its calculation is the sum of the present value of all 
the quantitative attributes. Infonnation on computing present value is in Section B.2. A positive net value result indicates 
an overall cost savings for the proposed action. A negative net value result indicates the opposite. As mentioned in 
Section 5.2, the net value is an absolute measure, reflecting the magnitude of the proposed action's contribution toward the 
specified goals. The results of the value-impact assessment can be displayed as a ratio and in tables andlor graphs, in 
addition to a summary table for additional perspectives. 

5.9 Endnotes for Chapter 5 

1. Section 4.4 of the Guidelines allows the analyst to display the results of a value-impact analysis as a ratio of values 
to impacts, all expressed in dollars. The numerator would sum the estimates for all quantifiable attributes classified 
as values, while the denominator would do likewise for impacts. Section 4.4 of the Guidelines views a value-impact 
ratio as supplemental to the net value, not as a replacement. 

2. The lenn "equation" is loosely used to indicate anything from a single mathematical expression (e.g., one for a 
major fire at a non-reactor facility) to a complete computer analysis (e.g., a core damage assessment for a power 
reactor) . 

3. The double index notation indicates that an initiating event j can lead to several accident sequences i. 

5.63 NUREGIBR-1l184 



Value· Impact 

4. Levell analyses generally produce a list of core--damage accident sequences, together with the overall core-damage 
accident frequency as their fmal product. Level 2 analyses take the Levell analyses one"step further by evaluating 
the containment response to the accident sequences and the associated containment release magnitudes. Level 3 
analyses take the Level 2 analyses one step further by evaluating the public risk associated with the containment 
release frequencies and magnitudes. As a result, Level 3 analyses are the preferred tools for evaluating the effect of 
a proposed action on public risk. 

5. Developed. by the Southwest Research Institute, San Antonio, Texas. 

6. An error factor f is used as follows to estimate upper and lower bounds, presuming a positive value for the best 
estimate: 

Upper Bound = Best Estimate x f · 
Lower Bound "" Best Estimate I f 

7. As discussed in Section 5.7 .J.l, public health (accident) may be affected through a mitigation of consequences 
instead of (or as well as) a reduction in accident probability, 

8. Andrews et aI. (1983) provide .a conceptual discussion of assessing the risk for this type of proposed action. 

9. The equations included in this Handbook (e.g., Section 5.7.1.3) apply a discounting tenn to doses associated with 
both implementation and operational impacts. In practice, the implementation dose may be of such short duration 
that discounting is not necessary. Its inclusion here is in recognition that, in some cases, implementation may extend 
over a longer period than one year. 

10. NRC has required its contractors to estimate onsite dose rates in the Suny and Grand Gulf risk assessments during 
low power and shutdown operations (Brown et aI. 1992; 10 et aI. 1992). 

11. Based on ANL estimates, a cleanup period as long as IO years may be needed following a major power reactor 
accident (see Section 5.7.6.1). Long-term doses will occur over some portion of this lime. 

12. Accidents at non-reactor nuclear facilities couJd also lead to the need for replacement services of the same type 
provided by the facility where the accident occurred. 

13. NRC implementation cOStS associated with facility closure may be increased if the facility closes prematurely (see 
Section 5.7.7.2). 

14. The $67.50 hourly rate is derived from lune 1996 data and the technique described in Abstract 5.2 of Sciacca 
(1992). 

NUREGIBR-Ol84 5.64 

( 

( 
" 

( 

\ 



( 

6 References 

Andrae, R. t et aI . 1985. TORAC User 's Manual- A Computer Code/or Analyzing Tornado-Induced Flow and Material 
Transport in Nuclear Facilities. NUREG/CR-4260, Los Alamos National Laboratory, Los Alamos, New Mexico. 

Andrews, w. , et aI. 1983. Guidelines for Nuclear lbwer Plant Safety Issue Prioritization Information Development. 
NUREG/CR-2800, Pacific Northwest National Laboratory, Richland. Washington. 

Andrews, w., et aI. 1985. Guidelines for Nuclear lbwer Plant Safety Issue Prioritization Information Development. 
NUREG/CR-2800, Supplement 3, Pacific Northwest National Laboratory, Richland, Washington. 

Ayer, 1. , el aI. 1988. Nuclear Fuel Cycle Rlcility Accident Analysis Handbook. NUREG-1320, U.S. Nuclear Regulatory 
Commission, Washington, D.C. 

Baker, D. 1995. Dose Commitments Due to Radionuclide Release from Nuclear Power Plam Sires in 1991. 
NUREG/CR-2850, Vol. 13, Pacific Northwest National Laborato-ry, Richland, Washington. 

Beal , S. , et al . 1987_ Data Base of System-Average Dose Rotes at Nuclear fbwer Plants. NUREG/CR-5035 , Science 
and Engineering Associates, Inc., Albuquerque, New Mexico. 

Bell, B. , and A. Swain. 1983. A Procedurefor Conducting a Human Reliability Analysis for Nuclear lbwer Plants. 
NUREG/CR-2254 , Sandia National Laboratories, Albuquerque, New Mexico. 

Beres, D. 1990. The Clean Air Act Assessment Package - 1988 (C4P-88); A Dose and Risk Asse~sment Methodology for 
Radionuclide Emissions to Air. SC&A, Inc., Mclean, Virginia. 

Bennan, L., et al. 1978. Analysis of Some Nuclear ltlbste Management Options, lbi. 1: Analysis and Interpretation. 
UCRL-13913, University of California Radiation Laboratory, Berkeley, California. 

Bierschbach, M. 1995. Estimating Pressurized Uhter Reactor Decommissioning Costs: A User 's Manualforthe PWR 
Cost Estimating Computer Program (CECP) Software. NUREG/CR-6054, Pacific Northwest National Laboratory, 
Richland, Washington~ 

Bierschbach, M. 1996. Estimating Boiling ltlbter Reactor Decommissioning Costs: A User 's Manualfor the BWR Cost 
Estimating Computer Program (CECP) Software. NUREG/CR-6270, Pacific Northwest National Laboratory, Richland, 
Washington. 

Blanton, C , and S. Eide. 1993. Savannah River Site Generic Data Base Development. WSRC-TR-93-262, Westing
house Savannah River Co. , Aiken, South Carolina. 

Breeding, R . , et al. 1990. Evaluation of Severe Accident Risks: Surry Unit I. NUREG/CR4551, Vol. 3, Sandia 
National Laboratories, Albuquerque, New Mexico. 

Brown, 1 , et al. 1990. lblue-Impact Assessment of Jet Impingement Loads and Pipe-to-Pipe Impact Damage. 
NUREG/CR-5579, Pacific Northwest National Laboratory, Richland, Washington. 

6.1 NUREGIBR-OI84 



References 

Brown, T., et al. 1990. Evaluation of Severe Accident Risks: Grand Gulf Unit 1. NUREG/CR4551, Vol. 6, Slll!dia 
National Laboratories, Albuquerque, New Mexico. 

Brown. T., et aI. 1992. "Summary of an Abridged Assessment of Shutdown Risk for a Mark III Boiling Water Reactor. " 
Transactions of the 20th \Vller Reactor Safety 1nformtltion Meeting, NUREGfCP-0125, U.S. Nuclear Regulatory Commis· 
sion, Washington, D.C., pp. 16-1,2. 

Budwani , R. 1969. "Power Plant Capital Cost Analysis." 1tJwer Engineering. 84(5)62·70. 

Buehring, w., and J. Peerenboom. 1982. Loss of Benefits Resulting from Nuclear Jbwer Plant Outages, lblume 1: Main 
Report. NUREG/CR-3045, U.S. Nuclear Regulatory Commission, Washington, D.C. 

Burke, R., et aI. 1984. Economic Risks of Nuclear lbwer Reactor Accidents. NUREGfCR-3673, Sandia National 
Laboratories, Albuquerque, New Mexico. 

CaIl, A., e( al. 1985. LaSalle County Station Probabilistic Safety Analysis. NEDO·3I085, Class 1, General Electric Co. 

Carlson, W., el aI . 1977. Analysis of Coal Option. Vol II of Comparative Study of Coal and Nuclear Generating Options 
for the Pacific National Northwest. WPPSS FTS-028-1I. Fuel and TechnicaI Studies Department , Washington Public 
Power Supply System, Richland, Washington. 

Chanin, D., et aI. 1990. MFLCOR Accident Consequence Code Systems (MACCS): User's Guide. NUREG/CR-4691, 
Sandia National Laboratories, Albuquerque, New Mexico. 

Chanin. D., et al. 1993. MACeS W!rsion 1.5.11.1: A Maintenance Release of the Code. NUREG/CR-6059. Sandia 
National Laboratories, Albuquerque, New Mexico. 

Clark, L., and A. Chockie. 1979. FUel Cycle Cost Projections. NUREG/CR·1041. Pacific Northwest National 
Laboratory, Richland, Washington. 

Cohen, S., and R. Dance. 1975. Scoping Assessment of the Environmental Health Risk Associated with Accidents in the 
LWR Supporting FUel Cycle. Contract No. 68-01-2237, performed by Teknekton, Inc., 4701 Sangamore Road, 
Washington, D.C. 20016. 

Comer, M .• et al. 1984. Generating Human Reliability &timates Using Expert Judgment. NUREG/CR·3688, General 
Physics Corporation, Columbia, Maryland; and The Maxima Corporation, Bethesda, Maryland. 

Cooperstein, R., et al . Hazards Analysis of a Generic Fuel Reprocessing Facility. SAI/SR-l I3·PA, Science Applications, 
Inc. , Palo Alto, California. 

Daling, P., et aI. 1990. Preliminary Characteriz.ation of Risks in the Nuclear Wute Management System Based on 
1nformtltion in the literature. PNL-6099, Pacific Nonhwest National Laboratory, Richland, Washington. 

DaIkey, N., and 0. Helmer. 1963. MAn Experimental Application of the Delphi Method to the Use of Experts. ~ 
Management Science. 9(3). 

Davis, R., et aI. 1995. Reassessment of Selected Factors Affecting Siting of Nuclear 1bwer Plants. BNL-NUREG·52442, 
Brookhaven National Laboratory, Upton, Neo.v York. 

NUREG/BR-O I84 6.2 

( 



References 

Dexter, A ., and W. Perkins. 1982. Component Failure Rilte Data with Potential Applicability to a Nuclear Fuel Reproc
essing Plant. DP-1633, E.I. duPont de Nemours & Co. , Aiken, South Carolina. 

Durant, w. , et aI. 1988. -Data Bank for Probabilistic Risk Assessment of Nuclear Fuel Reprocessing Plants. · IEEE 
Transactions on Reliability, vol. 37, no. 2, pp. 138-143. 

Eisenhauer, J., et aI . 1982. Electric Energy Supply Systems Comparison and Choices lblume J: Technology Description 
Report. PNL-3277 , Pacific Northwest National Laboratory, Richland, Washington. 

Elder, H. 1981. An Analysis of the Risk of Transporting Spent Nuclear Filelby Train. PNL-2682, Battelle Pacific 
Northwest National Laboratories, Richland, Washington. 

Electric Power Research Institute (EPRI) and Duke Power Co. 1984. Oconee Probabilistic Risk Assessment. NSAC-60, 
Electric Power Research Institute, Palo Also, California. 

Electric Power Research Institute (EPRI). 1986. Technical AssessrtU!nI Guide. EPRI-P-4463-SR, Electric Power 
Research Institute, Palo Alto, California. 

Erdmann, R. , et al . 1979. Status Report on the EPRl FUel Cycle Accident Risk Assessment. EPRI NP-l128, Science 
Applications, Inc., Palo Alto, California. 

Ernst, M. 1984. MProbabilistic Risk Assessment (PRA) and Decision-Making Under Uncertainty,- Proceedings of the 9th 
Annual Statistics Symposium on National Energy Issues (NUREGICP-0053). Los Alamos National Laboratory, Los 
Alamos, New Mexico. 

Fullwood , R. , and R. Jackson. 1980. Actinide Ibrtitioning-Transmutation Program Final Report VI, Short-Term Risk 
Analysis of Reprocessing, Refabrication, and Transportation. SAI-099-78-PA, Science Applications, Inc., Palo Alto, 
California. 

Gettman, D. , et ai, 1988. Nuclear Computerized Library for Assessing Reactor Reliability (NUCLARR). 
NUREG/CR-4639, EG&G Idaho, Idaho Falls, Idaho. 

Gregory, J. , et aI. 1990. Evaluation of Severe Accident Risks: Sequoyah Unit J. NUREG/CR-4551, Vol. 5 , Sandia 
National Laboratories, Albuquerque, New Mexico. 

Gregory, J. 1995. NUREG-0933: Update of Exhibit B. Letter repon from J. J. Gregory, Sandia National Laboratory, to 
Jack Gunman , U.S. Nuclear Regulatory Commission, June S, 1995. 

Hamby, D. 1993. A Review of Sensitivity Analysis Techniques. WSRC-MS-93-576, Westinghouse Savannah River Co. , 
Aiken, South Carolina. 

Hatch. S., et aI. 1981 . Reaclor Safety Study Methodology Applications Program: Grand Gulf No.1 BWR lbwer PlQIJ/. 
NUREG/CR- 1659/4, Sandia National Laboratories, Albuquerque, New Mexico. 

Hatch, S., et aI. 1982. R£aclor Safery Study Methodology Applicalions program: Calvert Cliffs No.2 PWR Power PlQIJ/ . 
NUREG/CR-1659/3 (Rev. I), Sandia National Laboratories, Albuquerque, New Mexico. 

6.3 NUREGIBR'()l84 



References 

Heaberlin, S., et a1. 1983. A Handbookfor lblue-Impact Assessment. NUREG/CR-3568, Pacific Northwest National 
Laboratory, Richland, Washington. 

Hodge, C, and A. Jarrett. 1974. Transportation Accident Risks in the Nuclear Ibwer Industry: 1975-2000. 
EPA-520/3-75-023. Holmes and Naever, Inc. 

Humphress, G., and E. Lewis. 1982. A lblue Assessment Aid to Complex Decision Making. NP-2507, Research Project 
1391-4. Southwest Research Institute, San Antonio, Texas. 

Humphreys, S. 1995. SECPOP90: Sector ltJpuJa/ion, Land Fraction, and Economic Data Estimating Program Users 
Manual. Sandia National Laboratories, Albuquerque, New Mexico. 

Iman, R. and 1. Helton. 1988. • An Investigation of. Uncertainty and Sensitivity Analysis Thchniques for Computer 
Models. ft Risk Analysis, 8(1):71-90. 

Iman, R., and M. Shortencarier. 1986. A User's Guidefor the Top Event Matrix Analysis Code (TEMAC). 
NUREG/CR-4598, Sandia National Laboratories, Albuquerque, New Mexico. 

10,1., et al . 1989. lblue-Impact AlUllysis of Accident Preventive and Mitigative Options for Spent Fuellbois. 
NUREG/CR-5281, Brookhaven National Laboratory, Upton, New York. 

10.1. , et al . 1992. ft Analysis of Accidents During the Mid-Loop Operating State at a PWR." Transactions of the 20th 
Wuer Reactor Safety Infonnation Meeting, NUREG/CP-OI25, U.S. Nuclear Regulatory Commission, Washington, D.C , 

Wl~~ ( 

Kam-Bransle-Sakerhat (KBS). 1977. Handling of Spent Nuclear Fuel and Final Storage of Vitrified High Level 
Reprocessing Ubste, lbl. IV, Safety Analysis. 

Kolb, G .• et al. 1981. Reactor Safety Study Methodology Applications Program: Oconee No.3 PWR JVwer Plant. 
NUREG/CR-165912 (Rev. I), Sandia National Laboratories, Albuquerque, New Mexico. 

Konzek, G., and R. Smith. 1990. Re-evaluation of the Cleanup Cost for the BWR Scenario 3 AccidenJ from 
NUREG/CR-2601. NUREG/CR-2601, Addendum I, Pacific Northwest National Laboratory, Richland, Washinglon. 

LaGuardia, T., et al. 1986. Guidelines for Producing Commercial Nuclear Ibwer Plant Decommissioning Cost Estimtltes. 
AIF/NESP-036, Atomic Indumial Forum, Washinglon D.C 

Lopez, 8., and F. Sciacca. 19%. FORECAST.: Regulatory Effects Cost Analysis Software Manual, ~rsion 4.1. 
NUREG/CR-5595 Rev. 1 , Science and Engineering Associates, Inc. , Albuquerque, New Mexico. 

McCormick. N. 1981. Reliability and Risk Analysis, Methods and Nuclear Ibwer Applications. Academic Press, New 
York. 

McGuire, S. 1988. A Regulatory Analysis of Emergency Preparedness for FUel Cycle and Other Radioactive Marerial 
Licensees. NUREG-1140. Division of Reactor Accident Analysis, U.S. Nuclear Regulatory Commission, Washington, 
D.C. 

NUREG/BR-OI84 6.4 

( 



References 

Mishima, J., et al. 1983. Cost-Benefit AMlysis of Unfired PU02 Pellets as an AlterMtive Plutonium Shipping Fonn. 
NUREG/CR-3445, Pacific Northwest National Laboratory, Richland, Washington. 

Morgan, M. and M. Henrion. 1990. ·Uncertainty: A Guide to Dealing with Uncertainty in Quantitative Risk and Policy 
Analysis. ~ Cambridge University Press, Cambridge, Massachusetts. 

Mubayi, V. 1994. MACCS Update for NUREG-llSO, Letter report from V, Mubayi, Brookhaven National Laboratory 
to Arthur J.·Buslik, U,S, Nuclear Regulatory Commission, July 20, 1~94. 

Mubayi, V" et aI. 1995. Cost-Benefit Omsiderations in &gulatory Analysis. NUREG/CR·6349, Brookhaven National 
Laboratory, Upton, New York. 

Murphy, E., and G. Holter. 1982. Technology, Safety and Costs of Decommissioning Reference Light lVlter IUactors 
RJllowing Postulated Accidents. NUREG/CR-2601. Pacific Northwest National Laboratory, Richland, Washington. 

Napier, B., et al. 1988. GENIf.'/he Hanford Environmental Radiation Dosimetry Software System, PNL-6584, Pacific 
Northwest National Laboratory, Richland, Washington. 

National Research Council, Committee on the BiologicaJ Effects of Ionizing Radiation (BEIR V). 1990. Health Effects of 
Exposure to Low Levels of Ionizing Radiation. National Academy of Science Press, Washington, D.C. 

Nichols, B., and W. Gregory. 1986. FIRAC User's Manual: A Computer Code to Simulate Five Accidents in Nuclear 
Facilities. NUREG/CR-4561, Les Alamos National Laboratory, Les Alamos, New Mexico. 

Nichols, B. , and W. Gregory. 1988. EXPAC User's Manual: A Computer Code to Simulate Explosive Accidents in 
Nuclear Facilities. Les Alamos National Laboratory, Les Alamos, New Mexico. 

Nourbakhsh, H. 1992. &presentative Source Terms for Severe LWR Accidents. Letter report prepared for the U.S. 
Nuclear Regulatory Commission's Office of Nuclear Regulatory Research, June 16, 1992. 

NUS Corporation~ 1969, Guidefor Economic Evaluation 0/ Nuclear Reactor Plant De.signs. NUS~531, NUS 
Corporation, Rockville, Maryland. 

Office of Management and Budget (OMB). 1992. MCircular A-94 - Guidelines and Discount Rates for Benefit-Cost 
Analysis of Federal Programs, ft Federal /agister, Vol. 57, November 10. 1992, pp. 53519-53528. Available online at 
URL: http://wwwl.whitehouse.govIWH/EOP/OMBlbtm1/circular.htm1 . 

Ostmeyer. R., and D. Skinner. 1987. A PrelimiMty Evaluation of the Economic Risk for Cleanup of Nuclear Material 
Licensee ConlamiMtion Incidents. NUREG/CR-4825, Sandia National Laboratories, Albuquerque, New Mexico. 

Park, C., et aI. 1990. Evaluation of Severe Accident Risks: Zion Unit 1. NUREG/CR-4551, Vol. 7, Brookhaven 
National Laboratory, Upton, New York. 

Parks, B. 1992. User's Guide/or CAP88-PC. 402-8-92-001, U.S. Environmental Protection Agency, Las Vegas, 
Nevada. 

Payne, A .• et al. 1990. Evaluation of Severe Accident Risks: Peach Bottom Unit 2. NUREG/CR-4551. Vol. 4, Sandia 
National Laboratories, Albuquerque, New Mexico. 

6.S NUREGfBR-{)184 



References 

Payne, A. 1992. Analysis of the laSalle Unit 2 Nuclear 1bwer Plant: Risk Methods Integration and Evaluation Program 
(RMIEP). NUREG/CR-4832, Sandia National Laboratories, Albuquerque, New Mexico. 

Philbin, J., et al. 1990. Economic Risk of Contamination Cleanup Costs Resulting from lArge Non-Reactor Nuclear 
Material Licensee Operations. NUREG/CR-5381, Sandia National Laboratories, Albuquerque, New Mexico. 

Phung, D. 1978. A Methodfor Estimating Escalation and Interest During Construction (EDC and IDC). ORAU 
IEA-78-7(M}, Institute for Energy Analysis, Oak Ridge Associated Universities, Oak Ridge, Tennessee. 

Portland General Electric Co. 1995. Trojan Nuclear Plam Decommissioning Plan. P~JE-1061. Portland General 
Electric Co., Portland, Oregon. 

Power Authority of the State of New York (PASNy) and Consolidated Edison Co. of New York, Inc. 1982. Indian Fbim 
Probabilistic Safery StUdy. New York. 

Projekt Sicherkeitsstudien Entsorgung (PSE). 1981. 7JJsamJ7U!nfassender Zwischenbericht (Project on Safety Studies at the 
Backend of the Fuel Cycle--Combined Interim Report). 

Quade, E. 1975. Analysisfor Public Decisions. Elsevier, New York. 

Raddatz, C, and D. Hagemeyer. 1995. Occupational Radialion Exposure at Commercial Nuclear Ibwer Reactors and 
Other Facilities, 1993, 1Wenty-Sixth Annual Report. NUREG-0713, Vol. 15, Office of Nuclear Regulatory Research, 
U.S. Nuclear Regulatory Commission, Washington, D.C. 

Regulatory Working Group (RWG). 1996. Economic Analysis of Federal Regullltions Under Executive Order No. 12866, 
(Online report). Available at URL: http://www1.whitehouse.govIWHIEOP/OMBlhtmllmiscdoc/riaguide.html. 

Riordan, B. 1986. Labor Productivity Adjustment Rlctors. NUREG/CR-4546, Science and Engineering Associates, Inc., 
and Mathtech, Inc., Albuquerque, New Mexico. 

Ritchie, L., et al. 1985. CalcuiaJion of Reactor Accident Consequences, lersion 2, CRAC2: Computer Code User's 
Guide. NUREG/CR-4185, Sandia National Laboratories, Albuquerque, New Mexico. 

Robert Snow Means Co., Inc. 1995. Building Construction Cost Data 1996. 54th annual edition. Robert Snow Means 
Co., Inc., Kingston, Massachusetts. 

Roberts, J., et al. 1980. TreatlMnt of 1nflation in the Development of Discount Rilles and Levelized Costs in NEPA 
Analyses for the Electric Utility Industry. NUREG-0607, U.S. Nuclear Regulatory Commission, Office of Nuclear 
Reactor Regulation, Washington, D.C. 

Russell, K., and M. Sattison. 1988. Integrated Reliability and Risk Analysis System (IRRAS) User's Guide--\ersion 2.0. 
NUREG/eR-511l, EG&G Idaho, Idaho Falls, Idaho. 

Samanta, P., et al. 1981. Sensitivity of Risk Parameters to Human Errors in Reactor Safety Study for a PWR. 
NUREG/CR-1879, Brookhaven National Laboratory, Upton, New York. 

Samanta, P., et al. 1989. Risk Sensitivity to Human Error. NUREG/CR-5319, Brookhaven National Laboratory, Upton, 
New York. 

NUREG/BR-Ol84 6.6 

( 

( 



, ,. 
References 

Schneider, K., el aI. 1982. Nuclear FUel Cycle Risk Assessment: Descriptions of Represeruative Non-Reactor Facilities. 
NUREG/CR-2873, Pacific Northwest National Laboratory, Richland, Washington. 

Schulte, S., et aI. 1978. FUsion Reactor Design Studies - Standard Accounlsfor Cost &timates. PNL-2648, Pacific 
Northwest National Laboratory, Richland, Washington. 

Sciacca, F., et aI. 1986. Generic Methodology for &timating the Labor Cost Associated with the Removal of Hardware, 
Materials, and Structures from Nuclear Ibwer Plants. SEA Report 84-116-05-A: I, Science and Engineering Associates, 
Inc., and Mathtech. Inc., Albuquerque, New Mexico. 

Sciacca, F. 1992. Generic Cost &timates. NUREG/CR-4627 (Rev. 2), Science ·and Engineering Associates, Inc., 
Albuquerque, New Mexico. 

Sciacca, E, et al. 1989. Radialion-Related Impacts for Nuclear Plant Physical Modifications. NUREG/CR-5236. 
Science and Engineering Associates, Inc., Albuquerq\J.e, New Mexico. 

Seaver, D., and W. Stillwell. 1983. Procedures for Using ExpertJudgmem to EstimtJle Humnn Error Probabilities in 
Nuclear Jbwer Plant Operations. NUREG/CR-2743, Decision Science Consortium, Incorporation, Falls Church, 
Virginia. 

Seiler, E 1987. ~Error Propagation for Large Error, ~ Risk Analysis, 7(4):509-518. 

Smith and Kastenberg. 1976. ~On Risk Assessment of High Level Radioactive Waste Disposal. · Nuclear Engineering 
and Design. 39:293-333. 

Sprung, I., et aI. 1990. Evaluation of Severe Accident Risks: Quantification of Major Input ]brumeters. MACCS Input, 
NUREG/CR-455I, SAND86-1309, Vol. 2, Rev. I. Part 7, Sandia National Laboratories, December, 1990. 

Stevenson, 1. 1981. Evaluation of the Cost Effects on Nuclear Ibwer Plant Construction Resulting from the Increase in 
Seismic Design Level. NUREG/CR-1508. Structural Mechanics Associates, Woodward-Clyde Consultants. Cleveland, 
Ohio. 

Stewart, H., et al. 1989. System Analysis and Risk Assessment System (SARA). Reference Manual. lirsion 4.0. 
NUREG/CR-5022, EG&G Idaho, Idaho Falls, Idaho. 

$trenge, D., et al. 1980. ALlDOS--A Computer Programfor Calculation of Radiation Doses from Airborne and 
W:zlerbome Releases. PNL-3524, Battelle Pacific Northwest National Laboratories, Richland, Washington. 

Stillwell, w., et al. 1982. Expert &timation of Human Error Probabilities in Nuclear lbwer Plant Operations: A. Review 
of Probability Assessment and Scaling. NUREG/CR-2255. Decision Science Consonium Incorporation, Falls Church, 
Virginia. 

Strip, D. 1982. Estimates of the Financial Risks of Nuclear Ibwer Reactor Accidents. NUREG/CR-2723, Sandia 
National Laboratories, Albuquerque, New Mexico. 

Summers, R., et al. 1995a. MFLCOR Computer Code Manuals: Primer and User's Guide ltrsion 1.8.3. 
NUREG/CR-6119 Vol. 1, Sandia National Laboratories, Albuquerque, New Mexico. 

6.7 NUREGIIIR'()l84 



References 

Summers R. , et al. 1995b. MELCOR Computer Code Manuals: Reference Manuals lersion 1.8.3. NUREG/CR-6119 
Vol. 2, Sandia National Laboratories, Albuquerque, New Mexico. 

Swain, A. , and H. Guttman. 1983. Handbook of Human Reliability Analysis with Emphasis on Nuclear lbwer Plant 
Applications. NUREG/CR-1278, Sandia Nalional Laboratories, Albuquerque, New Mexico. 

Swain, A. 1987. Accident Sequence Evaluation Program Human Reliability Analysis Procedure. NUREG/CR-4772, 
Sandia National Laboratories, Albuquerque, New Mexico. 

The Analytic Sciences Corporation (TASC). 1979. Status Report on Risk Assessment Jor Nuclear Wlste Disposal. 
EPRI~NP-1197, The Analytic Sciences Corporation, Reading, Massachusetts. 

Thwil, 1. , et al. 1985. Offsite Consequences of Radiological Accidents: Methods, Cost, and Schedules for 
Decontamination. NUREG/CR-3413, Pacific Northwest National Laboratory, Richland, Washington. 

Tawil, J. , et aI. 1991. Considerations Regarding the Estimation of Property Damagefrom Reactor Accidents. Letter 
Report, Pacific Northwest National Laboratory, Richland, Washington. 

l1chler, 1. , et al. 1995. Rtuiioactive Materials Released from Nuclear lbwer Plants. Annual Report 1993. 
NUREG/CR-2907 Vol. 14, Brookhaven National Laboratory, Upton, New York. 

United Engineers and Constructors, Inc. 1979. Commercial Electric lbwer Cost Studies, furt 8, Total Generating Costs: 
Coal and Nuclear Planes. NUREG-0248, U.S. Nuclear Regulatory CoITUnission and Departmem of Energy, Washington, 
D.C. 

United Engineers and Constructors, Inc. 1986. Energy Economic Data Base (EEDB)--Phase VllI, Complete CONCISE 
Printouts for Model 148 Pressurized l-ibter Reactor (Median Experience Basis) ami Model 205 BWR (ME) Mark II, 
1195 Mm Boiling l-ibter Reactor. United Engineers and Constructors, Inc., Philadelphia, Pennsylvania. 

United Engineers and Constructors, Inc. 1988a. Phase IX Update (1987) Report for the Energy Economic Data Base 
(EEDB) Program EEDB-1X. DOElNE-Q091. U.S. Department of Energy, Washington, D.C. 

United Engineers and Constructors, Inc. 1988b. Technical Reference Book for the Energy Economic Data Base Program 
EEDB Phase lX (1987). DOEINE-002, United Engineers and Constructors, Inc., Philadelphia, Pennsylvania. 
(Microfiche copies are available from the Regulation. Development Branch, Division of Regulatory Applications, Office of 
Nuclear Regulatory Research.) 

U.S. Atomic Energy Commission (AEC). 1972. Environmental Survey of Transportation of Radioactive Materials to and 
from Nuclear Jbwer Planes. WASH-1238, U.S. Atomic Energy CoITUnission, Washington, D.C. 

U.S. Department of Energy (DOE). 1979. Technology for Commercial Rlulioactive l-ibste ManagelMnt: Spent Fuel 
Storage. DOEIEV-0028 , U.S. Department of Energy, Washington, D.C. 

U.S. Department of Energy (DOE). 1982. Cost Guide, lblume 2: Standard Procedures for Detennining Revenue 
Requirements (Product Cost). DOEIMA-0063 (Vol. 2), U.S. Department of Energy, Washington, D.C. 

U.S. Department of Energy (DOE). 1987. Health and Environmental Consequences of the Chernobyl Nuclear lbwer 
Plant Accident. DOE/ER..Q332, U.S. Department of Energy, Washington, D.C. 

NUREG/BR-0184 6.8 

( 



References 

U.S. Department of Energy (DOE). 1996. "Characterization of Uncertainties in Risk Assessment with SpeciaJ Reference 
to Probabilistic Uncertainty AnaJysis. ~ EA-413-068/0296, U.S. Department of Energy, Washington , D.C. Available 
online at URL: http://www.eh.doe.gov/oepalguidance/risk.btm. 

U.S. Department of Labor. 1988. Industry WJge Survey: Electric and Gas Utilities. February 1988. Bureau of Labor 
Statistics, U.S. Department of Labor, Washington, D.C. 

U.S. Environmental Protection Agency (EPA). 1983. Regulatory Impact Analysis of Final Environmental Standards for 
Uranium Mill1bilings at Active Sites. EPA-520/1-83-01O, Office of Radiation Programs, Washington, D.C. 

U.S. Environmental Protection Agency (EPA). 1989. User's Guideforthe COMPLY Code. EPAI520/1-89-003, U.S. 
Environmental Protection Agency, Washington, D.C. 

u.s. Nuclear Regulatory Commission (NRC). 1975a. R£actor Safety Study. WASH-1400, u.s. Nuclear Regulatory 
Commission. Washington, D.C. 

u.s. Nuclear Regulatory Commission (NRC). 1975b. Envirofl11JentaJ Survey of7ranspartation of Radioactive Materials 
to Qndfrom Nuclear Ibwer Plants, Supplement I to WASH-I238. NUREG/75-038, U.S. Nuclear Regulatory Commission, 
Washington, D.C. 

u.s. Nuclear Regulatory Commission (NRC). 1976. Potential Releases of Cesium from Irradiated Fuel in a 
7ransportation Accident, Supplement II to W4SH-1238. NUREG-0069, U.S. Nuclear Regulatory Commission, 
Washington, D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1977. Final Environmental Statement on the 'Transportation of Ro4ioactive 
Material by Air and Other Modes. NUREG-0170, U.S. Nuclear Regulatory Commission, Washington, D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1983a. PRA Procedures Guide: A Guide to the Peiformance of 
Probabilistic Risk Assessment for Nuclear Power Plants. NUREG/CR-2300, U.S. Nuclear Regulatory Commission, 
Washington , D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1983b. Prioritization of Generic Safety Issues. NUREG-0933 (and 
subsequent revisions), U.S. Nuclear Regulatory Commission, Washington, D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1983c. R£gu/alory Analysis Guidelines of the U.S. Nuclear R£gulatory 
Commission. NUREGIBR-0058, Office of the Executive Director for Operations, Washington, D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1984a. Guide to Types of NRC Fonnal Documents and Their Uses. 
NUREGIBR-0070, Division of TechnicaJ Information and Document Control, Washington, D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1984b. Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory 
Commission. NUREGIBR-0058 (Rev. 1), Office of the Executive Director for Operations, Washington. D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1986. ~Safety GoaJs for the Operation of Nuclear Power Plants; Policy 
Statement; Republication. ~ 51 FR 30028, August 21, 1986. 

U.S. Nuclear Regulatory Commission (NRC). 1990a. Backfitting Guidelines. NUREG-1409, Office for Analysis and 
Evaluation of Operational Data, Washington, D.C. 

6.9 NUREG/BR-0184 



References 

U.S. Nuclear Regulatory Commission (NRC). 1990b. "Staff Requirements Memorandum 10 the EDO on SECY-89-102 -
Implementation of the Safety Goals. " June 15. 1990. 

U.S. Nuclear Regulatory Commission (NRC). 1991 . Severe Accidem Risks: An Assessment for Five US. Nuclear fbwer 
Plants. NUREG-1150. Division of Systerru Research. Washington. D.C. 

u.s. Nuclear Regulatory Commission (NRC). 1992. Nuclear Regulatory Commission Information Digest, 1992 Edition. 
NUREG-1350. Vol.4, Office of the Controller, Washington, D.C. 

U.s. Nuclear Regulatory Commission (NRC). 1994. Safety Evaluation IJy the NRC Related to the Order Approving the 
Decommissioning Pian and Authorizing Decommissioning of Rancho Seco Nuclear Generating Station, Docket No. 50-312. 
U.S. Nuclear Regulatory Commission, Washington, D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1995a. Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory 
Commission. NUREGIBR-0058 (Rev. 2), Office of the Executive Director for Operations, Washington, D.C. 

U.S. Nuclear Regulatory Commission (NRC). 1995b. "Use of Probabilistic Risk Assessment Methods in Nuclear 
Regulatory Activities; Final POlicy Statement.· 60 FR 42622. August 16, 1995. 

U.S. Nuclear Regulatory Commission (NRC). 1995c. Safety Evaluation ReporllJy the NRC Relaled to the Request to 
Authorize Facility Decommissioning, Yankee Nuclear Puwer Station, Docket No. 50-029, U.S. Nuclear Regulatory Com
mission, Washington , D.C. 

( 

U.S. Nuclear Regulatory Commission (NRC). 1995d. Assessment of NRC's Dollar Per Person-Rem Conversion Factor C. 
fblicy. NUREG- 1530. 

U.S. Nuclear Regulatory Commission (NRC). 1996a. "Status of the IPE and IPEEE Programs." SECY-96-051. 
March 8, 1996. 

U.S. Nuclear Regulatory Commission (NRC). 1996b. Individual Piant Examination Program: Perspectives on Reactor 
SaJety and Plam Peiformance, Summary Report. Draft NUREG-1560, Vois. 1 and 2. 

U.S. Nuclear Regulatory Commission (NRC). 1996c. "Staff Requirements Memorandum Related to Proposed Revision 6 
to the CRGR Charter,· Acc. No. 9604050059, March 22 , 1996. 

VanKuiken, 1. , et al. 1987. Replacement Energy Costs for Nuclear Electricity-Generating Units in the United StMes: 
1987-1991. NUREG/CR-4012, Vol. 2, Argonne National Uooratory, Argonne, Illinois. 

VanKuiken, 1. , et al . 1992. Replacemem Energy Costs Jor Nuclear Electricity-Generating Units in the United States: 
1992-1996. NUREG/CR-4012, Vol. 3, Argonne National Laboratory, Argonne, Illinois. 

VanKuiken, 1. , et al. 1993. Replacement Energy, Capacity, and Reliability Costs for Permanent Nuclear Shutdowns. 
NUREG/CR-6080, Argonne National Laboratory, Argonne, Illinois. 

VanKuiken, J., et al. 1994. Replacement Energy Cost Analysis Ihckage (REotP) User's Guide. NUREG/CR-5344, 
Rev. I, Argonne National Laboratory, Argonne, Illinois. 

NUREG/BR-OI84 6.10 

( 



.' , 

References 

Vesely, W., et al. 1981. Fault Tree Handbook. NUREG-0492. U.S. Nuclear Regulatory Commission, Washington, 
D.C. 

Vesely, W., et al . 1983. Measures of Risk Importance and Their Applications. NUREG/CR-3385. Battelle Columbus 
Laboratories, Columbus, Ohio. 

Vesely. W., and D. Rasmuson. 1984. "PRA Uncertainties and the Roles of Sensitivity and1Jncertainty Analyses," 
Proceedings of the 9th Annual Statistics Symposium on National Energy Issues (NUREGICP-0053). Los Alamos National 
Laboratory, Los Alamos, New Mexico. 

Wilkinson 1. , et aI. 1991. Idaho Chemical Processing Plant Failure Rate Database. WIN-330. Idaho National Engineer
ing Laboratory. Idaho Falls, Idaho. 

Wright, M. 1973. Discounted Cash Flow. McGraw-Hili, London, England. 

Young, M. 1994. Evaluation of Population Density and Distribution Criteria in Nuclear 1bwer Plant Siting. 
SAND93-0848. Sandia National Laboratories, Albuquerque, New .Mexico. 

Young, M. 1995. MACCS Economic Consequence Tables for Regulatory Applications. Draft Letter Report submitted to 
Christiana Lui, USNRC. November 10, 1995. Sandia National Laboratories, Albuquerque, New Mexico. 

6.11 NUREGIBR-0184 



/.~ .,', 

\ 

f 

( 

\ 

\ 



Appendix A 

Regulatory Analysis Issues 



( 

( 

(' 
\ . 



Appendix A 

Regulatory Analysis Issues 

This appendix addresses three topics of panicular interest in connection with the performance of regulatory analyses. 
Owing to the special nature or extensiveness of these topics, it was judged best to discuss them here rather lhan in the main 
body of this Handbook, as has been done with other issues. The topics are human factors issues, cumulative accounting of 
past and ongoing safety improvements, and use of industry risk and cost estimates. 

A.1 Human Factors Issues 

Regulatory analyses involving proposed actions related to human factors issues often prove to be difficult to quantify, 
especially with regard to risk-related attributes. This degree of difficulty varies to the extent that the human factors issue 
is "concrete" or "abstract." For example, an issue proposing to clarify standard procedures for hardware inspection can 
be perceived as fairly concrete. Inspection personnel can be expected to perform more efficiently with less likelihood of 
error during the inspection procedure. This would decrease the likelihood of overlooking a hardware defect. Such an 
issue can be translated into a reduced unavailability for selected hardware components, several of which most likely appear 
in a facility risk equation. For such a human factors issue, the expected improvement can be treated as an improvement in 
the reliability of the hardware itself. Thus, this ·concrete- human factors issue can be analyzed in a manner similar to any 
other hardware issue. 

As an ~abstract~ example, consider a human factors issue proposing to revise management gUidelines for a power plant. 
Difficulty is foreseen in directly linking this action to parameters in a plant risk equation. One approach might be to 
assume some small improvement in the portion of the unavailability due to human error in each risk parameter as appro
priate. The analysis then could proceed as in a hardware issue, except that many parameters might be affected, thereby 
complicating the calculations. Studies completed by Samanta et al. (1981, 1989) and Andrews et al. (1985), discussed in 
Section A.I.I, provide results which can facilitate these types of calculations. 

As an alternative, an approach similar to that discussed in Section 5.6.2 may be appropriate. For fairly -nebulous" issues 
(Le., ones where the reductions in accident frequency [and/or risk] are difficult to quantify directly via a facility risk 
equation) expert judgment of the changes in the accident frequency (and/or risk) can be based on the total accident 
frequency (andlor risk). Employing informal procedures or a formalized one such as the Delphi method (Dalkey ~d 
Helmer 1963; Humphress and Lewis 1982), the analyst can obtain a consensus estimate of the percent change in total acci
dent frequency (and/or risk) due to implementation of the proposed action. This may be the best fhat can be done for the 
more -abstract" human factors issues. 

Several studies have been conducted to address quantification of human error probabilities (REPs) for nuclear power plant 
risk analyses. The initial standard for human error analysis, subsequently named the Thchnique for Human Error Rate 
Prediction (THERP), was established by the complementary documents NUREG/CR-1278 (Swain and Guttmann 1983) 
and NUREG/CR-2254 (Bell and Swain 1983). Swain and Guttmann (1983) developed a bandbook ofbuman performance 
models and procedures for estimating HEPs. including numerical values, for application in nuclear power plant risk 
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analyses. In its sister document (NUREG/CR~2254). Bell and Swain (1983) detailed a standard procedure to conduct a 
human reliability analysis for nuclear power plants, emphasizing an event tree approach which utilizes results from 
NUREG/CR~1278. Swain (1987) supplemented the THERP with a simplified version in NUREG/CR-4772, intended "to 
enable systems analysts, with minimal support from experts in human reliability analysis, to make estimates of human 
enor probabilities and other performance characteristics which are sufficiently accurate for many probabilistic risk 
assessments. " 

Additional studies which can assist the analyst in performing a regulatory analysis, particularly the value-impact portion, 
for a human factors issue can be grouped into two categories: 

I. Documents addressing methods to estimate HEP.s, sometimes including numerical results for applying these methods 
(see Section A.1.2). The previous studies plus a trio by Stillwell et al. (1982), Seaver and Stillwell (1983), and 
Comer et al. (1984) are examples of these ~methods" documents. 

2. Documents presenling the results of quantifying the impact of HEP.s on a nuclear power plant's overall core-melt fre
quency andlor public risk (see Section A.1.1). A pair of studies by Samanta et aI. (1981, 1989) and one by Andrews 
et al. (1985) are examples of these "results" documents. 

Documents from each group have been reviewed, and summaries are provided in the remainder of this appendix section. 
We begin with studies from the second group. 

A.I.l Results Documents 

( 

In a pair of studies, Samanta et al. (1981, 1989) evaluated the sensitivity of selected risk parameters to changes in HEPs ( 
for a pair of representative PWRs. The first study (NUREG/CR~1879 [Samanta et al. 1981]) quantified the effect of 
changing HEPs for the Surry PWR on the following parameters: system unavailability, accident sequence frequency, 
core-melt frequency, and release category frequency. The Human Enor Sensitivity Assessment of a PWR (HESAP) 
computer code was developed to model the human errors in fault trees based on the Surry plant as modeled in 
WASH-1400 (NRC 1975a). HEPs were both increased and decreased by factors of 3, la, 20, and 30 relative to selected 
base-case values. Numerous tables and figures give the results of simultaneously varying all HEPs by these factors in 
terms of the changes in the four risk parameters listed above. 

In addition, Samanta et al. (1981) estimated the sensitivity of core-melt and release category frequencies to changes in 
probabilities for generic classes of human enor (e.g. , operator error, maintenance enor, and errors of omissionl 
conunission). Also, individual human errors were ranked relative to one another in terms of their structuraJ importance to 
core~melt frequency and their reliability importance to core-melt and release category frequencies (Vesely et al. 1983). 
The results are conveniently presented as tables and figures. 

The second study (NUREG/CR-53 19 [Samanta et al. 1989]) updated the first using the more recent, and more detailed, 
Oconee PWR risk assessment performed by EPRI and Duke Power Co. (1984). Only the portion of the Oconee risk 
assessment pertaining to internal events was employed by Samanta et al. External events were not included. The effect of 
changing HEPs on the following risk parameters was evaluated: accident sequence frequency, core-melt frequency, and 
core~melt bin frequency (somewhat analogous to release category frequency). Statistical methods were employed to esti~ 
mate factors by which HEPs could be both increased and decreased realistically. Factors ranging as high as 26 were 
calculated. depending upon the Iype of human error (an additional degree of resolution relative to the first study). 
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