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3 SEVERE ACCIDENT RISK 

Describe the PSA models used to calculate severe accident risk. Describe the Level 1 PSA 
model (internal and external), the Level 2 PSA model, PSA model review history, and the Level 
3 PSA model, as shown in Section 3.1 through Section 3.4. Include results of the severe accident 
risk calculation as shown in Section 3.5. 

For multi-unit sites, provide either separate results for each unit or results for a single unit with 
rationale for why the single analysis is representative or bounding for the other unit(s). 

3.1 LEVEL 1 PSA MODEL 

Level 1 PSA models determine CDF based on initiating event analysis, scenario development, 
system analyses, and human-factor evaluations. 

3.1.1 INTERNAL EVENTS 

3.1.1.1 Description of Level 1 Internal Events PSA Model 

Identify and describe the Level 1 internal events PSA model used for the SAMA analysis, 
including the model freeze date. If different PSA versions are used for identifjling SAMAs 
(Section 5.1) and for the benefit analysis (Section 7. I), the impact of using a later version should 
be described. 

For example, 

The Level I Internal Events PSA Model used for the S A M  analysis was the most recent 
internal events risk model (Revision xxn) that contains modeling of all plant changes 
implemented up to [date], uses failure and unavailability data to the same date, and 
resolves industry peer review comments on a previous rwision of the model. 

Provide a breakdown of the internal events CDF by major contributors, initiators, or accidcnt 
classes. Include contributions to core damage frequency fiom station blackout (single unit and 
dual unit) and anticipated transient without SCRAM events. Candidate SAMAs should 
concentrate on these events. Table 1 shows ii typical accident class distribution. 

Provide Level 1 internal events importance measures. This list may be combined with an 
evaluation of applicable SAMA candidates as shown in Table 9. 

If applicable, identify changes to the Level 1 internal events PSA model made to accommodate 
the SAMA analysis. 

3.1.1.2 Level 1 PSA Model Change!; since IPE Submittal 

Describe major changes to the Level 1 internal events PSA model since the IPE submittal and the 
impact these changes have had on CDF. 
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Discuss changes to the plant, such as power uprate or steam generator replacement that are 
planned or have occurred since the model freeze date. Indicate if the model used for the SAMA 
analysis addresses these changes. If the model used for the SAMA analysis does not address 
these changes, include a qualitative discussion of the impact of the changes on the SAMA 
analysis. If desired, sensitivity analyses may be performed to support the discussion (Section 8). 

3.1.2 EXTERNAL EVENTS 

The IPEEE identified the highest risk externally initiated accident sequences and potential means 
of reducing the risk posed by those sequences. Typically, the following external events were 
evaluated. 

Internal fires 

Seismic events 

Other external events such as high wind events, external flooding, transportation and nearby 
facility accidents 

The type of information available for these initiators varies by the type of risk analysis 
performed for the IPEEE. For instance, a fire or seismic analysis performed using PSA 
modeling techniques produces quantitative results. However, due to differences in assumptions, 
model techniques, uncertainties (e-g., related to initiating event frequencies and human actions), 
care should be taken when comparing quantified external events with the results of the best- 
estimate internal events analysis. Furthnmore, seismic margins analysis (SMA) does not 
produce a CDF (i.e., is a qualitative analysis) and is predicated on the ability to evaluate the 
seismic durability of equipment required to safely shut the plant down. The results of this kind 
of analysis do not directly lend themselves to the frequency-based SAMA analysis. Also, a fire 
analysis using the Electric Power Rese;uch Institute (EPRI) Fire-Induced Vulnerability 
Evaluation (FIVE) method produces fire zol~e CDF values that are conservatively high and not 
suitable for comparison with best-estimate internal events CDF values. As a result, each of the 
external event contributors must be considered in a manner suiting the type of risk analysis 
performed. 

For each external event, summarize the risk analysis method and subsequent revisions as shown 
in Section 3.1.2.1 through Section 3.1.2.3. Discuss recommendations to reduce risk due to each 
external event, and indicate whether or not they have been implemented. Potential 
improvements from the IPEEE and improvements to address US1 A-46 outliers that have not 
been implemented should be included in the list of Phase I SAMA candidates (Section 5.3). 
Describe the method used to quantitatively incorporate external event severe accident risk in the 
SAMA analysis, as shown in Section 3.1.2.4. 
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3.1.2.1 Internal Fires 

3.1.2.1.1 Risk Analysis 

Provide a brief discussion of the risk analysis method used for the IPEEE. Indicate if a fire PSA 
model was created, or if the EPRl FIVE method was used. If the EPRI FIVE method was used, 
identify first-pass assumptions and screening criteria (e.g., 1 .OE-06) and discuss methods used to 
evaluate zones that did not screen on the first pass. 

Indicate if the fue risk analysis has been ul~dated since the IPEEE. If so, provide revised fire 
zone CDF values. 

If the EPRI FIVE method was used, the results are conservative and not comparable to internal 
events core damage frequencies. If a fire PSA model was created, the results should be less 
conservative than if the FIVE method hat1 been used, but caution must be exercised when 
making comparisons to best-estimate values. Discussion of specific conservatisms may be 
provided, as in the following examples. 

Initiating Events: The frequency offires and their severity are generally conservatively 
overestimated. A revised NRCfire events database indicates a trend 
toward lowerfi.r?quency and less severe fires. This trend reflects 
improved housekeeping, reduction in transient fire hazards, and other 
improvedfire protection steps at utilities, 

System Response: Fire protection measures such as sprinklers, C02, andjire brigades 
. . .  may be given minimal (conservative) credit in their ability to limit the 

spread of ajire. 

Cable routings ore typically characterized conservatively because of 
lack of data regarding the routing of cables or lack of analytic 
modeling to represent the different routings. This leads to limited 
credit for balance ofplant systems that are important in core damage 
mitigation. 

Sequences.. 

Fire Modeling: 

HRA . 

Level of Detail: 

Sequences may subsume a number offire scenarios to reduce the 
analytical burden. Subsuming initiators and sequences is done to 
envelope those sequences included. This results in additional 
conservatism. 

Fire damage an,dfire spread are conservatively characterized. Fire 
modeling presents bounding approaches regarding the immediate 
eflects of afire nndfire propagation (e.g.. all components in afire zone 
are failed by afire in the zone, or all cables in a tray are failed for a 
cable trayfire). 

There is little industry experience with crew actions followingjlres. 
This has led to conservative charactefization ofcrew actions in fire 
analyses. Beca~!se CDF is strongly correlated with crew actions, this 
conservatism has a profound eflect on fire results. 

Fire analyses rncv have a reduced level of detail in mitigation of the 
initiating event rrnd subsequent system damage. 



NEI 05-01 (Rev A) 
November 2005 

Quality of Model: The peer review process for fire analyses is less well developed than for 
infernal events FSAs. For example, no industry process, such as NEI 
00-02, exists for the slruc fured peer review of afire PSA. 

Recommended Imorovements 

Discuss existing fire prevention and mitigation features and recommended hardware or 
procedure changes (including those from the IPEEE and subsequent fire evaluations) to reduce 
risk in the dominant fire zones. 

For example, the dominant fire zones may be monitored by a detection system that a l m s  in the 
control room, and they may be equipped with automatic suppression systems. Electrical cabinets 
in the zones may use rated cables that are difficult to ignite and slow to propagate. Radiant 
energy shields may be used to prevent a fire on one component from disabling redundant 
components. Also, hot work permit and transient combustible loading programs reduce possible 
ignition sources and the fire protection program maximizes the availability of fire protection 
equipment. If this discussion duplicates infim-nation provided to NRC for the IPEEE, reference 
to docketed correspondence may be substituted. 

Potential improvements to reduce risk in ihe dominant fue zones (including those from the 
internal fire portion of the IPEEE and subsequent fire evaluations) should be included in the list 
of Phase I SAMA candidates (Section 5.3). 

3.'1.2.2 ' Seismic Events 

3.1.2.2.1 Risk Analysis 

Provide a brief discussion of the risk analysis method used for the IPEEE. Indicate if a seismic 
PSA model was created, or if the EPRI SMA method was used. 

Indicate if the seismic risk analysis has been updated since the IPEEE. If so, provide revised 
results. 

If a seismic PSA model was created, discuss whether the seismic CDF value is conservative or 
best-estimate. Discussion of specific conservatisms may be provided as in the examples for 
internal fires. 

Recommended Improvements 

Discuss enhancements (including those reco~mnended in the IPEEE) to ensure equipment on the 
safe shutdown list is capable of withstanding a review level earthquake. Discuss US1 A-46 
resolution and whether all identified outliers have been addressed. If this discussion duplicates 
information provided to NRC for the IPEEIE, reference to docketed correspondence may be 
substituted. 



NEI 05-01 (Rev A) 
November ZOOS 

Potential improvements to minimize seismic risk (including those from the seismic events 
portion of the IPEEE, subsequent seismic evaluations, and improvements to address unresolved 
US1 A-46 outliers) should be included in the list of Phase I SAMA candidates (Section 5.3). 

3.1.2.3 Other External Events 

3.1.23.1 Risk Analysis 

Provide a brief discussion of the risk analysis method used for the IPEEE and indicate if the 
analysis has been updated since the IPEEE. If so, provide revised results. 

Discussion of specific conservatisms may be provided as in the examples for internal fires. 

Recommended Im~rovements 

Describe existing prevention and mitigation features and recommended hardware or procedure 
changes from the IPEEE to reduce risk fiom extemal events caused by high winds, external 
flooding and transportation accidents, as applicable. If this discussion duplicates information 
provided to NRC for the IPEEE, reference to docketed correspondence may be substituted. 

Potential improvements to reduce risk from other external events (including those from the other 
events portion of the IPEEE) should be included in the list of Phase I SAMA candidates (Section 
5.3). 

3.1.2.4 External Event Severe Accident Risk 

Discuss the method used to address external event risk. As discussed previously, the preferred 
method is dependent on the risk analysis methods available for the plant. IPEEE reports 
typically concluded that the risk from other external events (i.e., not fire and seismic events) is 
less than 1E-06/rx-yr. Therefore, these events are typically not the dominant contributors to 
external event risk and quantitative analysis. of these events is not practical. Thus, the various 
combinations of internal fire and seismic risk: analysis are discussed below. 

FIVE and SMA Methods 

The SMA method does not provide a quantitative result, but resolution of outliers assures that the 
seismic risk is low and M h e r  cost-beneficial seismic improvements are not expected. 
Therefore, the FIVE results may be used as a measure of total external events risk. 

Estimate the degree of conservatism for the external events risk. Since a FIVE method fire 
analysis contains numerous conservatisms, as discussed previously, a more realistic assessment 
could result in a substantially lower fire CDF. NRC staff has accepted that a more realistic fire 
CDF may be a factor of three less than the screening value obtained from a FIVE analysis 
(Reference 1). Technical justification should be vrovidcd for selection of a reduction factor. 

Reduce thc fire CDF by an appropriate factor and compare to the intcrnal events CDF to estimate 
an external events multiplier. 
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For example, 

Assume that the total of the ~nscreened~fire zone CDFsfiom the FIVE analysis is 2.7E-OS/nc-yr. 
Also, assume thar the internal event CDF is BE-06/rx-yr. 

Given a factor of three reduction, the resultingjire CDF would be about 9E-O6/nc-year, which is 
the same order of magnitude as the internal events CDF. This would justrfj, use of an external 
events multiplier of two. 

Use the external events multiplier on the maximum benefit (Section 4.5) and on the upper bound 
estimated benefits for individual SAMA candidates during the Phase I1 screening (Section 7). 

Fire PSA and SMA Method 

The SMA method does not provide a quantitative result, but resolution of outliers assures that the 
seismic risk is low and further cost-beneficial seismic improvements are not expected. 
Therefore, the fire PSA results may be used as a measure of total external events risk. 

Estimate the degree of conservatism for the external events risk. If the fire PSA analysis 
contains numerous conservatisms, as discussed previously, a more realistic assessment could 
result in a substantially lower fire CDF. Technical justification should be provided supporting 
determination of a reduction factor to obtain a more realistic fire CDF. 

Use the reduction factor on the baseline fire PSA results and compare to the internal events CDF 
to obtain an external events multiplier as described for the FIVE method. Use the external 
events multiplier on the maximum benefit (Section 4.5) and on the upper bound estimated 
benefits for individual SAMA candidates during the Phase I1 screening (Section 7). 

FIVE Method and Seismic PSA 

Since the FIVE method and seismic PSA provide quantitative results, the results may be 
combined to represent the total external events risk. 

Estimate the degree of conservatism for the extemal cvcnts risk. Since a FIVE method fire 
analysis contains numerous conservatisms, as discussed previously, a more realistic assessment 
could result in a substantially lower fire CDF. NRC staff has accepted that a more realistic fire 
CDF may be a factor of three less than the screening value obtained from a FIVE analysis 
(Reference 1). Also, if the seismic PSA analysis contains numerous conservatisms, as discussed 
previously, a more realistic assessment could result in a substantially lower seismic CDF. 
Technical justification should be provided supporting determination of reduction factors to 
obtain more realistic fire and seismic CDF.va.lues 

Reduce the fue and seismic CDF values by their factors, combine to obtain a total extemal 
events CDF, and compare to the internal everits CDF to estimate an external events multiplier. 
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For example, 

Assume that the total of the unscreened,fire zone CDFsJiom the FIVE analysis is 2.7E-OS/rx-yr. 
Assume that the seismic PSA resulted in a CDF of 3E-6/m-yc which was estimated to be a factor 
of four higher than a best-estimate of seismic CDF. Also, assume that the internal event CDF is 
BE-O6/n-yr. 

Given a factor of three rechrction, the resultingfire CDF would be about 9E-06/rx-year. 

Given a factor offour reduction, the resrtlting seismic CDF would be about BE-7/rx-yr. 

Thus, the total external events risk woul>d be 9.8E-6, which is the same order of magnitude as the 
internal events CDF. This wouldjustify use of an external events multiplier of two. 

Use the external events multiplier on the maximum benefit (Section 4.5) and on the upper bound 
estimated benefits for individual SAMA candidates during the Phase I1 screening (Section 7). 

Fire PSA and Seismic PSA 

Since fire PSA and seismic PSA provide quantitative results, the results may be combined to 
represent the total external events risk. 

Estimate the degree of conservatism for the extemal events risk. If the fire PSA analysis 
contains numerous conservatisms, as discussed previously, a more realistic assessment could 
result in a substantially lower fire CDF. Technical justification should be provided supporting 
determination of a reduction factor to obtain a more realistic fire CDF. Also, if the seismic PSA 

. analysis contains numerous conservatisrns, as discussed previously, a more realistic assessment 
could result in a substantially lower seismic CDF. Technical justification should be provided 
supporting determination of a reduction factor to obtain a more realistic seismic CDF. 

Reduce the fire and seismic CDF values by their factors, combine to obtain a total external 
events CDF, and compare to the internal events CDF to estimate an external events multiplier (as 
in the above example). Use the extemal events multiplier on the maximum benefit (Section 4.5) 
and on the upper bound estimated benefits for individual SAMA candidates during the Phase 11 
screening (Section 7). 

3.2 LEVEL 2 PSA MODEL 

Level 2 PSA models determine release frequency, severity, and timing based on Level 1 PSA, 
containment performance, and accident progression analyses. 
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3.2.1 DESCRIPTION OF LEVEL 2 PSAL MODEL 

Identify and describe the Level 2 PSA model used for the SAMA analysis, including the model 
fieeze date. 

For example, 

The Level 2 PSA model usedfor the SAktQ analysis was the most recent model (Revision xac) that 
contains modeling of all plant changes implemented up to [date], uses failure and unavailability 
data to the same date and resolves industry peer review comments on a previous revision of the 
model. 

Provide a description of the release severity and timing scheme. This may be in paragraph form 
or like the example shown in Table 2. 

Provide a table or matrix describing the mapping of Level 1 accident sequences into Level 2 
release categories and a description of the re~~resentative release sequences. 

Provide the release category frequencies and fission product release characteristics (release 
fractions, timing, and energy). If the sum of release frequencies does not equal the total CDF, an 
explanation should be provided. Table 3 displays sample release category frequencies and 
release fractions. 

Provide Level 2 importance measures. These measures should not only be based on 
consideration of large early release frequency contributors, but should consider other release 
categories that are major contributors to population dose. This list may be combined with an 
evaluation of applicable SAMA candidates as shown in Table 9. 

If applicable, identify changes to the Level 2 PSA model made to accommodate the SAMA 
analysis. 

3.2.2 LEVEL 2 PSA MODEL CHANGES SINCE IPE SUBMITTAL 

Describe changes to major modeling assumptions, containment event nee structure, accident 
prog~ession / source term calculations, or binning of endstatcs in the Level 2 PSA modcl since 
the IPE submittal and the impact these changes have had on large, early release Frequency 
(LERF). 

Discuss changes to the plant, such as power uprate or steam generator replacement that are 
planned or have occurred since the model freeze date. Indicate if the model used for the SAMA 
analysis addresses these changes. If the model used for the SAMA analysis does not address 
these changes, include a qualitative discussion of the impact of the changes on the SAMA 
analysis. If desired, sensitivity analyses may be performed to support the discussion (Section 8). 



NEI 05-01 (Rev A) 
November 2005 

3.4 LEVEL 3 PSA MODEL 

Level 3 PSA models determine off-site dose and economic impacts of severe accidents based on 
Level 1 PSA results, Level 2 PSA results, atmospheric transport, mitigating actions, dose 
accumulation, early and latent health effects, and economic analyses. 

Provide a description of the Level 3 analysis method and input data. In many SAMA analyses, 
the MELCOR Accident Consequence Code System (MACCS2) (Reference 2) is used to 
calculate the off-site consequences of a stwere accident. Some SAMA analyses have used 
previous Level 3 analyses such as those included in NUREG/CR-4551. Description of the 
method may be no more than a reference to the document describing the method. However, the 
various input parameters and associated assumptions must still be described. 

The following sections describe input data if MACCS2 (Reference 2) is the analysis tool. If 
another code is used, similar description of the input parameters must be documented. 

3.4.1 POPULATION DISTRIBUTION 

Provide a predicted population within a SO-mile radius of the site. The predicted population 
distribution may be obtained by extrapolating publicly available census data. Transient 
population included in the site emergency plan should be added to the census data before 
extrapolation. Explain why the population distribution used in the analysis is appropriate and 
justify the method used for population extrapolation. Typically, with increasing population, the 
predicted population is estimated for a year within the second half of the period of extended 
operation. Extrapolation to a later date, and therefore a larger population, adds conservatism to 
the analysis. Of course, if a population reduction is projecte& extrapolation to an earlier date 
would be more reasonable. 

The population distribution should be by location in a grid consisting of sixteen directional 
sectors, the first of which is centered on due north, the second on 22.5 degrees east of north, and 
so on. The direction sectors should be divided into a number of radial intervals extending out to 
at least 50 miles. A sample population distribution is provided in Table 4. 

3.4.2 ECONOMIC DATA 

Provide economic data fiom publicly available information (e.g., from the U.S. Census Bureau, 
U.S. Department of Agriculture, or state tax office) on a region-wide basis. Economic data 
should be expressed in today's dollars (dollars for the year in which the SAMA analysis is being 
performed), not extrapolated to the end of the period of extended operation. Economic data fiom 
a past census can be converted to today's dollars using the ratio of current to past consumer price 
indices. 

Describe the values and bases for the following economic estimates. 

Cost of evacuation 
Cost for temporary relocation (food, lodging, lost income) 
Cost of decontaminating land and buildings ' 
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Lost return on investments from properties that are temporarily interdicted to allow 
contamination to be decreased by decay of nuclides 
Cost of repairing temporarily interdicted property 
Value of crops destroyed or not grown because they were contaminated by direct 
deposition or would be contaminated by root uptake 
Value of farmland and of individual, public, and non-farm commercial property that is 
condemned 

Sample MACCS2 economic data is provided in Table 5. 

3.4.3 NUCLIDE RELEASE 

Provide a discussion of the source of core inventory values and a list of those values. Table 6 
shows sample core inventory values. The actual list of radioisotopes may differ from the list in 
Table 6. 

MACCS2 default core inventory values are for a reference plant with a power level of 3,412 
megawatts-thermal. Since actual core inventory is usually he1 vendor proprietary information, 
plant-specific core inventory values may be obtained by scaling the MACCS2 default values by 
the ratio of power level to reference plant power level. Additional adjustment of the core 
inventory values may be necessary to account for differences between fuel cycles expected 
during the period of extended operation and the he1 cycle upon which the MACCS2 default core 
inventory values are based. 

Also provide a description of the characteristics associated with the release (i.e., elevation of 
release, thermal content of release). Use of a release height equal to half the height of the 
containment is acceptable, because it provides adequate dispersion of the plume to the 
surrounding area. Table 7 shows example release characteristics. 

3.4.4 EMERGENCY RESPONSE 

Discuss emergency response and evacuation parameter assumptions. 

Provide an evacuation start time delay anti a radial evacuation speed based on site-specific 
information. Since population dose is highly dependent on radial evacuation speed, and 
uncertainties may be introduced during derivation of a single evacuation speed from emergency 
plan information, sensitivity analyses should be documented to show that the radial evacuation 
speed used in the SAMA analysis is reasonable (Section 8.4). 

Best-estimate values for groundshine and cloudshine shielding factors are acceptable (e.g., Grand 
Gulf values found in Table 3.28 of Reference 3). 

MACCS2 default values are acceptable for other parameter inputs, such as inhalation and skin 
protection factors, acute and chronic exposure effects, and long-term protective data. 
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3.4.5 METEOROLOGICAL DATA 

Describe the meteorological data used in the analysis, including wind speed, wind direction, 
stability class, seasonal mixing heights, and precipitation. Indicate the sources of the data (e.g., 
site meteorological tower, National Climatic Data Center). 

Also indicate the span of the data. Examples include, "a f i l l  year (2003) ofconsecutive hourly 
values," or "an average offive years ( I  995-2003) ofconsecutive hourly values." 

Explain why the data set and data period are representative and typical. 

For example, 

Annual meteorology data sets from 1998 through 2000 were investigated for use in MACCS2. 
The 1998 data set was found to result in the largest doses and was subsequently used to create 
the one-year sequential hourly data set used in UACCS2. The conditional dose from each of the 
other years was within 10 percent ofthe chosen year. 

If data is not from the plant meteorological tower, discuss why the data is acceptable. 

3.5 SEVERE ACCIDENT RISK RESULTS 

Provide the mean annual off-site dose and economic impact due to a severe accident for each of 
the release categories analyzed. Report results for all release categories, including those with 
normal containment leakage (intact contaim~ent). Provide total off-site dose and total economic 
impact, which are the baseline risk measures from which the maximum benefit is calculated 
(Section 4). Table 8 provides a sample summary of severe accident risk results. 
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4 COST OF SEVERE ACCIDENT RISK/ MAXIMUM BENEFIT 

Using the baseline risk measures from Section 3.5, calculate severe accident impacts in four 
areas: off-site exposure cost, off-site economic cost, on-site exposure cost, and on-site economic 
cost (Section 4.1 through Section 4.4). The following descriptions of the severe accident impact 
calculations are based on the NRC-accepted methods found in NUREGIBR-0 184 (Reference 4). 

Calculation of severe accident impacts involves an analysis period term, te which can be defined 
as either the period of extended operation (20 years), or the years remaining until the end of 
facility life (fiom the time of the SAMA ana'lysis to the end of the period of extended operation) 
(25 years or more). The value typically used for this term is the period of extended operation (20 
years). Since this is a license renewal application, if the analysis determines that an aging- 
related SAMA is potentialIy cost-beneficial, the plant is under no obligation to implement the 
SAMA immediately. Thus, the plant will commit to implementing the SAMA by the beginning 
of the period of extended operation. Therefore, the benefits of the SAMA are only assured for 
20 years. However, NRC has asked several plants to perform a sensitivity analysis using the 
period from the time of the SAMA analysis to the end of the period of extended operation to 
determine if SAMAs are potentially cost-beneficial if performed immediately. This sensitivity 
analysis should be performed to provide the information wanted by the regulator (Section 8.6). 

Alternatively, the analysis could use the period from the time of the SAMA analysis to the end of 
the period of extended operation (25 years or more), and a sensitivity analysis would not be 
needed. This method adds conservatism to the anaIysis. 

Calculation of severe accident impacts also involves a real discount rate, r, which is typically 
.assumed to be 7% (0.07lyear) as recommended in NUREGIBR-0184. A value of 7% is 
conservative because cost estimates are usually performed by utilities using values between 11 
and 15%. Use of both a 7% and 3% real discount rate in regulatory analysis is specified in 
Office of Management Budget (OMB) guidance (Reference 5) and in NUREG/BR-0058 
(Reference 6). The two discount rates represent the difference in whether a decision to undertake 
a project requiring investment is viewed as displacing either private investment or private 
consumption. A rate of 7% should be used as a baseline for regulatory analyses and represents 
an estimate of the average before-tax rate of return on an average investment in the private sector 
in recent years. A rate of 3% should also be used and represents an estimate of the "consumption 
rate of interest," i.e., the real, after-tax rate of return on widely available savings instruments or 
investment opportunities. To address this concern, perform a sensitivity analysis using a 3% real 
discount rate (Section 8.5). 

Combine the severe accident impacts with the external events multiplier to estimate the total cost 
of severe accident risk. Since this is the maximum benefit that a SAMA could achieve if it 
eliminated all risk, it is the maximum benefit (Section 4.5). 

4.1 OFF-SITE EXPOSURE COST 

Convert the baseline off-site dose to dollars, using the conversion factor of $2,000 per person- 
rem, and discount to present value using the lfollowing equation. 
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Where: 

Wpha = off-site exposure cost ($) 
C = [I-exp(-rt$]/r (years) 
t f = analysis period (years) (see Section 4) 
r = real discount rate (7% = 0.07lyear) (see Section 4) 

Zpha = value of public health (accident) risk per year before discounting ($/year) 

qhe = $2,000/person-rem * mean annual off-site dose impact due to a severe 
accident from Section 3.5 

For example, 

Assume the baseline of-site dosefiom Sc?ction 3.5 is 9person-remlyear. 

Then, ZPha = 9 person-remlyear * %2,00O/person-rem = $1 8,000lyear. 

Assume a 20-year analysis period and a 7% real discount rate. 

Then, C is approximately 10.76 years. 

Therefore, off-site exposure cost is 10.76 years * $1 8,00O/year = $1 93,680. 

4.2 OFF-SITE ECONOMIC COST 

Discount the off-site economic cost to present value using the same equation as in Section 4.1, 
with 

Zphe = mean annual economic impact due to a severe accident from Section 3.5. 

For example, 

Assume the baseline off-site economic impact from Section 3.5 is $21,00O/year, then Zpha = 
$2 1, OOOlyear. 

Assume the same analysis period and real discount rate. 

Then, ofl-site economic cost = 10.76 years * $21,0OO/year = $225,960. 

4 3  ON-SITE EXPOSURE COST 

The values for on-site (occupational) exposure consist of "immediate dose" and "long-term 
dose." The best estimate value provided in NUREGIBR-0184 for immediate occupational dose 
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is 3,300 person-redevent, and long-term .occupational dose is 20,000 person-rem (over a 
ten-year clean-up period). The following equations are used to calculate monetary equivalents. 

Immediate Dose 

Where: 

WIo = immediate on-site exposure cost ($) 
R = monetary equivalent of unit dose ($/person-rem) 
F = Level 1 internal events core damage frequency (events/year) 
Dl0 = immediate on-site (occupdional) dose (person-redevent) 
C = [I -exp(-rtf)]/r (years) 
r = real discount rate (7% = 0.07/year) (see Section 4) 
t f = analysis period (years) (see Section 4) 

For example, 

Using the following values from above, 

And assuming the Level I internal events core damagefrequency, 

Then, the immediate on-site exposure cost is: 

WIO = $2,00O/person-rem :* IE-6 events4ear * 3,300 person-rem/event * 10.76 
years 

Long-Term Dose 

Where: 

WLTo = long-term on-site exposure cost ($) 
R = monetary equivalent of unit dose ($/person-rem) 
F = Level 1 internal events core damage frequency (evcnts/year) 
D L ~ o  = long-term on-site (occupa1:ional) dose (person-redevent) 
C = [ I  -exp(-rtf)]/r (years) 
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r = real discount rate (7% = 0.07/year) (see Section 4) 
t f = analysis period (years) (see Section 4) 
m = years over which long-term doses accrue 

For example, 

Using thejollowing values fiom above, 

Then, the long-term exposure cost is: 

WrTo = $2,00O/person-rem * IE-6 eventsbear * 20,000person-rem/event * 10.76 years 
* NI -exp(- 0.07 *I O)]/O, 0 7*10} 

Total On-site Exposure - Combining immediate and long-term on-site exposure costs results in a 
total on-site exposure cost, Wo, of 

For the example, 

4.4 ON-SITE ECONOMIC COST 

On-site economic cost includes cleanup and decontamination cost, and either replacement power 
cost or repair and refurbishment cost. 

Cleanu~ and Decontamination 

Integrate the net present value of the total cost of clean-up and decontamination of a power 
reactor facility subsequent to a severe accident over the analysis period. The total cost of 
cleanup and decontamination of a power reactor facility subsequent to a severe accident is 
estimated in NUREGk3R-0184 to be $l.SE+S. 

Calculate the present value of this cost as follows. 

P V c ~  = [Ccdm] * {[1 - exp(-rm)]/r] 
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Where: 

PVcD = net present value of a single event ($) 
CcD = total cost of cleanup and decontamination effort ($) 
m = cleanup period (years) 
r = real discount rate (7% = 0.07/year) (see Section 4) 

For example, 

Using the following valuesfi.om above, 

Cco $1.5E+9 
m = 10 years 
r = 0.07)ear 

Then, PVcD = %1.5E+9/lOyears *{[I -exp(-0.07*10)]/0.O7/year) = $1.08E+9 

Integrate this cost over the analysis period as follows. 

Where: 

U ~ D  = total cost of cleanup and decontamination over the analysis period ($-years) 
PVm = net present value of a single event ($) 
C = [I -exp(-rtd]/r 
r = real discount rate (7% = 0.07lyear) (see Section 4) 

t r = analysis period (years) (see Section 4) 

For example, 

Using the following values porn above, 

PVcD = %1.08E+9 
r - - 0.0 7)ear 

r, - - 20 years 

Then, the cleanup and decontamination cost is, 

Re~lacernent Power Cost 

Determine the net present value of replacement power for a single event, PVRP, using the 
following equation. 
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Where: 

P V R ~  = net present value of replacement power for a single event, ($) 
r = real discount rate (7% = 0.07lyear) (see Section 4) 
t r = analysis period (years) (see Section 4) 
B = a constant representing a string of replacement power costs that occur over the 

lifetime of a reactor after an event (for a 910MWe "generic" reactor, 
NUREGBR-0184 uses a value of $1.2E+8) ($/yr) 

For example, 

Assuming a 1023 MWe plant, and scalinr: B for power level, 

Using the following valuesfiom above, 

Then, PV, = [1.35E+B$/yr/.07&r] * [I - exp(-.07*20)]~ = $1.09E+9 

Sum the single-event costs over the entire analysis period, using the following equation. 

Where: 

URP = net present value of replacement power over life of facility ($-year) 
r = real discount rate (7% = 0.07lyear) (see Section 4) 
t f = analysis period (years) (see Section 4) 

For example, 

Using thejbllowing values fiom above, 

P V ,  = $1.09E+9 
r - - 0.0 7/year 

t/ - 20 years 

Then, the replacement power cost is, 

Repair and Rehrbishment Cost 

Repair and refurbishment costs may be estimated in accordance with NUREGIBR-0184 as 20% 
of the cost of replacement power previously discussed. Assuming that replacement power will 
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be required for the remaining life of the plant results in higher benefit estimates and is, therefore, 
more conservative than assuming the plant will be repaired. 

Thus, repair and refiubishment costs need not be estimated. 

Total On-Site Economic Cost 

Calculate total on-site economic costs by summing cleanup/decontamination costs and 
replacement power costs, and multiplying this value by the internal events CDF. 

For example, 

Using the valuesfi.orn above and assuming an internal events CDF of lE-6/year, 

Total onsite economic cost = (1.16E+IO $-years + 8.84E+9 $-years) * IE-6/year = $20,440. 

4.5 TOTAL COST OF SEVERE ACCIDENT RISK / MAXIMUM BENEFIT 

Calculate the severe accident impact by summing the off-site exposure cost, off-site economic 
cost, on-site exposure cost, and on-site economic cost. 

For the example, the sum of the baseline costs is as follows. 

Off-site exposure cost = $193,680 

Off-site economic cost = $225,960 

On-site exposure cost = $381 

On-site economic cost = $20,440 

Severe accident impact = $440,461 

Combine the severe accident impact with the external events multiplier (Section 3.1.2.4) to 
calculate the total cost of severe accident risk. Since this is the maximum benefit that a SAMA 
could achieve if it eliminated all risk, it is the maximum benefit. 

For example, 

lfthe external events multiplier in Section 3.1.2.4 is two, 

Maximum benefit = $440,461 * 2 = 8880,922 

The maximum benefit is used in the Phase I screening process (Section 6) to eliminate SAMAs 
that are not cost-beneficial, If the estimated cost of implementing a SAMA exceeds this value, it 
is excluded from fbrther analysis. 
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5 SAMA IDENTIFICATION 

Develop a list of SAMA candidates by reviewing the major contributors to CDF and population 
dose based on the plant-specific risk assessment and the standard BWR or PWR list of 
enhancements (Table 13 or 14). The follovling sections provide a more detailed description of 
the identification process and the necessary documentation. 

5.1 PSA IMPORTANCE 

Identify plant-specific SAMA candidates by reviewing dominant risk contributors (to both CDF 
and population dose) in the Level 1 and Level 2 PSA models. Describe how dominant risk 
contributors, including dominant sequences, equipment failures, and operator actions identified 
through importance analyses, were used to identify plant-specific SAMA candidates. This 
should include a review of dominant sequences or cutsets for failures that could be addressed 
through an enhancement to the plant. It should also include a similar review of dominant 
equipment and human failures based on importance measures. Past SAMA analyses have shown 
that SAMA candidates are not likely to prove cost-beneficial if they only mitigate the 
consequences of events that present a low risk to the plant. 

The definition of "dominant sequences or cutsets" is open to interpretation. The SAMA portion 
of the license renewal environmental report should indicate how the dominant sequences were 
defined and the rationale for the cutoff value. For example, "The top 100 Level I cutsets, 
representing 62% of the total CDF, were reviewed. Individual cutsets below this point have little 
injluence on CDF and are therefore not likely contributors for identification of cost beneficial 
enhancements. " 

Similarly, the definition of dominant equipment and human failurcs is open to interpretation. 
The SAMA portion of the license renewal environmental report should indicate how the 
dominant failures were defined and the rationale for the cutoff value. For example, "Failures 
with risk reduction worth > 1.005 were iderrtified as the most important failures, Events below 
this point influence CDF by less than 0.5% and are therefore not likely contributors jbr 
identificarion of cost beneficial enhancemenr.~. " 

Provide a list of equipment failures and human actions that have the greatest potential for 
reducing risk based on importance analysis. For each dominant contributor describe relevant 
Phase I SAMAs and list the Phase I1 SAMA(s) that address that contributor. SAMAs may be 
hardware changes, procedure changes, or enhancements to programs, including training and 
surveillance programs. Hardware changes sh.ould not be limited to permanent changes involving 
addition of new, safety-grade equipment, but should also include lower cost alternatives, such as 
temporary connections using commercial grade equipment (e.g., portable generators and 
temporary cross-ties). Previous S M '  analyses for similar plants are a prime source for 
identifying potential low-cost alternatives to address similar risk contributors. If a SAMA was 
not evaluated for a dominant risk contributor, justify why SAMAs to hrther reduce the 
contributor would not be cost-beneficial. 

A sample partial PSA importance review is provided in Table 9. 
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7 PHASE I1 SAMA ANALYSIS 

Perform a cost-benefit analysis on each of the remaining SAMA candidates. 

The benefit is the difference in the baseline cost of severe accident risk (maximum benefit from 
Section 4.5) and the cost of severe accident risk with the SAMA implemented (Section 7.1). The 
cost is the estimated cost to implement the SAMA (Section 7.2). If the estimated cost of 
implementation exceeds the benefit of implementation, the SAMA is not cost-beneficial. 

For multi-unit sites, assure that the benefits and implementation costs are provided on a 
consistent basis, e.g., all benefit and all cost estimates are on a per-site basis. If benefit and cost 
estimates are provided on a per-unit basis, the impact (and efficiencies) associated with 
implementation of the SAMA at multiple units should be reflected in the estimated 
implementation costs. 

7.1 SAMA BENEFIT 

7.1.1 SEVERE ACCIDENT RISK WITH SAMA IMPLEMENTED 

Perform bounding analyses to determine the change in risk following implementation of SAMA 
candidates or groups of similar SAMA candidates. 

For each analysis case, alter the Level 1 internal events or Level 2 PSA model to conservatively 
consider implementation of the SAMA candidate(s). Then, calculate the severe accident risk 
measures using the same procedure used for the baseline case described in Section 3. 

For SAMAs specifically related to external events, estimate the approximate benefits through use 
of the external events PRA, if available, or bounding-type analysis, (e.g., estimating the benefit 
of completely or partially eliminating the external event risk). 

Describe the changes made to the PSA models for each analysis case. 

For example, 

LBLOCA 

This analysis case was used to evaluate the change in plant risk profile that would be achieved i f a  
digital large break LOCA protection system was installed. Although the proposed change would not 
completely eliminate the potential for a large break LOCA, a bounding benejit was estimated by 
removing the large break LOCA initiating event. This analysis case was used to model the benefit of 
SAMA 7.  
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DCPWR 

This analysis case was used to evaluate pkznt modijications that would increase the availability of 
Class IE DCpower (e.g., increased battery capacity or the installation ofa diesel-powered generator 
that would eflectivefy increase battery capacity). Although the proposed S A M s  would not 
completely eliminate the potential failure, a bounding benejt was estimated by removing the battery 
discharge events and battery failure events. This analysis case was used to model the benejt of 
S A W S  4, 5, 10, 12, and 24. 

7.1.2 COST OF SEVERE ACCIDENT RISK WITH SAMA IMPLEMENTED 

Using the risk measures from Section 7.1.1, calculate severe accident impacts in four areas: off- 
site exposure cost, off-site economic cost, on-site exposure cost, and on-site economic cost using 
the same procedure used for the baseline case described in Section 4. 

As in Section 4.5, sum the severe accident impacts and combine with the external events 
multiplier (Section 3.1.2.4) to estimate the total cost of severe accident risk with the SAMA 
implemented. Use of the external events multiplier is inappropriate for some SAMAs. For 
example, SAMAs specifically related to external events that would not impact internal events 
(e.g., enhanced fire detections) and SAM4.s related to specific internal event initiators (e.g., 
guard pipes for main steam line break events). Provide a discussion of SAMAs on which the 
external events multiplier was not applied. 

7.1.3 SAMA BENEFIT 

Subtract the total cost of severe accident risk with the SAMA implemented from the baseline 
cost of severe accident risk (maximum benefit from Section 4.5) to obtain the benefit. 

List the estimated benefit for each SAMA candidate. 

Table 11 provides a sample portion of a Phase I1 SAMA candidate list with estimated benefits 
listed. 

7.2 COST OF SAMA IMPLEMENTA'TION 

Perform a cost estimate for each of the Phase I1 SAMA candidates. Describe the cost estimating 
process and list the cost estimate for each SAMA candidate. 

As SAMA analysis focuses on establishing the economic viability of potential plant 
enhancement when compared to attainable benefit, often detailed cost estimates are not required 
to make informed decisions regarding the economic viability of a particular modification. 
SAMA implementation costs may be clearly in excess of the attainable benefit estimated from a 
particular analysis case. For less clear cases, engineering judgment may be applied to determine 
if a more detailed cost estimate is necessary to formulate a conclusion regarding the economic 
viability of a particular SAMA. Nonetheless, the cost of each SAMA candidate should be 
conceptually estimated to the point where economic viability of the proposed modification can 
be adequately gauged. 
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For hardware modifications, the cost of implementation may be established fiom existing 
estimates of similar modifications from previously performed SAMA and SAMDA analyses. 
Costs associated with implementation of a SAMA including procurement, installation, long-term 
maintenance, surveillance, calibration, and training should be considered. 

Discuss conservatisms in the cost estimates. For example, cost estimates may not include the 
cost of replacement power during extended outages required to implement the modifications. 
They also may not include contingency costs associated with unforeseen implementation 
obstacles. Estimates based on modifications that were implemented or estimated in the past may 
be presented in terms of dollar values at the time of implementation (or estimation), and not 
adjusted to present-day dollars. In addition, implementation costs originally developed for 
SAMDA analyses (i.e., during the design phase of the plant) do not capture the additional costs 
associated with performing design modific:ations to existing plants (i-e., reduced efficiency, 
minimizing dose, disposal of contaminated material, etc.). 

Table 1 1 provides a sample portion of a Phase II SAMA candidate list with cost estimates. 
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8 SENSITIVITY ANALYSES 

Evaluate how changes in SAMA analysis assumptions would affect the cost-benefit analysis. 
Perform the following sensitivity analyses, as applicable. 

Table 12 contains sample sensitivity analysis results. 

8.1 PLANT MODIFICATIONS 

Major changes to the plant, such as powcr uprate or steam generator replacement, may be 
planned or may have occurred since the model freeze date, as described in Section 3.1 and 
Section 3.2. If the Level 1 or Level 2 PSA niodel used for the SAMA analysis does not address a 
major plant change, a sensitivity analysis may be performed to support discussion of the impact 
of the change on the SAMA analysis results. 

In this sensitivity analysis, modifl the PSA inodel (or its results) to simulate incorporation of the 
plant modification and perform the Phase I1 analysis with the revised severe accident risk results. 
Sufficient margin exists in the maximum benefit estimation that the Phase I screening should not 
have to be repeated in the sensitivity analysis. 

Discuss the plant modification and how its effects were simulated in the PSA model. Provide 
pertinent results and discuss how they affect the conclusions of the SAMA analysis. If SAMAs 
appear cost-beneficial in the sensitivity results, discussion of conservatisms in the analysis, (e.g., 
conservatisms in cost estimates discussed in Section 7.2), and their impact on the results may be 
appropriate. 

8.2 UNCERTAINTY 

A discussion of CDF uncertainty, and conservatisms in the SAMA analysis that off-set 
uncertainty, should be included. For example, use of conservative risk modeling to represent a 
particular plant change may be used to offset uncertainty in risk modeling; use of conservative 
implementation cost estimates may be used to offset uncertainty in cost estimates; and use of an 
uncertainty factor derived from the ratio of the 95th percentile to the mean point estimate for 
internal events CDF may be used to account for CDF uncertainties. Estimate an uncertainty 
factor based on this discussion and perform a sensitivity analysis using the uncertainty factor on 
the results. [Based on analysis to date the ratio of the 95" percentile to the mean point estimate 
for typical internal events CDF values is 2 to 5 (Reference I).] 

Provide pertinent results and discuss how they affect the conclusions of the SAMA analysis. If 
SAMAs appear cost-beneficial in the sensitivity results, discussion of conservatisms in the 
analysis, (e.g., conservatisms in cost estimates discussed in Section 7.2), and their impact on the 
results may be appropriate. 
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8.3 PEER REVIEW FINDINGS OR OBSERVATIONS 

If the model used for the SAMA analysis does not address significant findings or observations 
from the PSA peer review discussed in Section 3.3, sensitivity analyses may be performed to 
support discussion of the impact of the fmdir~gs or observations on the SAMA analysis results. 

In these sensitivity analyses, modify the PS,4 model (or its results) to simulate incorporation of 
the finding or observation and perform the Phase I1 analysis with the revised severe accident risk 
results. Sufficient margin exists in the maximum benefit estimation that the Phase I screening 
should not have to be repeated in the sensitivity analysis. 

Discuss the finding or observation and how its effects were simulated in the PSA model. 
Provide pertinent results and discuss how they affect the conclusions of the SAMA analysis. If 
SAMAs appear cost-beneficial in the sensitivity results, discussion of conservatisms in the 
analysis, (e.g., conservatisms in cost estimates discussed in Section 7.2), and their impact on the 
results may be appropriate. 

8.4 EVACUATION SPEED 

Population dose may be significantly affected by radial evacuation speed, and uncertainties may 
be introduced during derivation of a single evacuation speed from emergency plan information, 
as discussed in Section 3.4.4. Therefore, perform sensitivity analyses to show that variations in 
this parameter would not impact the results of the analysis. 

This sensitivity analysis should modify the evacuation speed assumed in the Level 3 PSA model 
and recalculate the baseline severe accident risk results. Multiple speeds may be evaluated as 
necessary. 

Discuss uncertainty in the evacuation speed and how the modified speed was selected. Provide 
pertinent results and discuss how they affect the conclusions of the SAMA analysis. 

8.5 REAL DISCOUNT RATE 

Calculation of severe accident impacts also involves a real discount rate, r, which is typically 
assumed to be 7% (0.07lyear) as recomrr~ended in NUREGIBR-0184. A value of 7% is 
conservative because cost estimates are usually performed by utilities using values between I 1  
and 15%. Use of both a 7% and 3% real discount rate in regulatory analysis is specified in 
Office of Management Budget (OMB) guidance (Reference 5) and in NUREGIBR-0058 
(Reference 6). The two discount rates represent the difference in whether a decision to undertake 
a project requiring investment is viewed as displacing either private investment or private 
consumption. A rate of 7% should be used as a baseline for regulatory analyses and represents 
an estimate of the average before-tax rate of return on an average investment in the private sector 
in recent years. A rate of 3% should also be uscd and represents an estimate of the "consumption 
rate of interest," i.e., the real, after-tax rate of return on widely available savings instruments or 
investment opportunities. To address this concern, perform a sensitivity analysis using a 3% real 
discount rate. 
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In this sensitivity analysis, modify the real cliscount rate in the Level 3 PSA model and perform 
the Phase I1 analysis with the revised severe accident risk results. Sufficient margin exists in the 
maximum benefit estimation that the Phase I screening should not have to be repeated in the 
sensitivity analysis. 

Provide pertinent results and discuss how they affect the conclusions of the SAMA analysis. If 
SAMAs appear cost-beneficial in the sensitivity results, discussion of conservatisms in the 
analysis, (e.g., conservatisms in cost estimates discussed in Section 7.2), and their impact on the 
results may be appropriate. 

8.6 ANALYSIS PERIOD 

As described in Section 4, calculation of severe accident impacts involves an analysis period 
term, tf, which can be defined as either the period of extended operation (20 years), or the years 
remaining until the end of facility life (from the time of the SAMA analysis to the end of the 
period of extended operation) (25 years or more). 

The value that is typically used for this term is the period of extended operation (20 years). 
However, NRC has asked several plants to perform a sensitivity analysis using the period From 
the time of the SAMA analysis to the end of the period of extended operation to determine if 
SAMAs are potentially cost-beneficial if performed immediately. This sensitivity analysis 
should be performed to provide the information wanted by the regulator. 

In this sensitivity analysis, modify the analysis period in the calculation of severe accident risk 
and perform the Phase I1 analysis with the revised analysis period. The cost of additional years 
of maintenance, surveillance, calibrations, and training should be included in the cost Cstimates 
for SAMAs in this Phase I1 analysis. Suff~cient margin exists in the maximum benefit estimation 
that the Phase I screening should not have to be repeated in the sensitivity analysis. 

Provide pertinent results and discuss how they affect the conclusions of the SAMA analysis. If 
SAMAs appear cost-beneficial in the sensitivity results, discussion of consewatisms in the 
analysis, (e.g., conservatisms in cost estimates discussed in Section 7.2), and their impact on the 
results may be appropriate. 


