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Abstract 

 

It has long been recognized that the walkdown is a critical element towards defining suitable fragility 

curves for nuclear systems and components in a seismic probabilistic risk analysis (SPRA).  However, 

based on observations of ongoing SPRAs, it is noted that the intended function of the walkdown can go 

astray if based on a literal interpretation of the specific requirements for walkdown as defined in the 

ASME/ANS (2013) Standard.  It begins with the Standard’s supporting requirement SFR-E1: 

“CONDUCT a detailed walkdown of the plant...”   

 

The physical implementation of the walkdown including procedures, seismic review team qualifications, 

scope, level of effort, and forms of documentation should vary significantly from plant to plant.  This is 

the “how” of the walkdown and it depends on several project-specific parameters including plant vintage, 

other completed seismic investigations at the site, available seismic qualification documentation, plant 

configuration control systems, seismic review team member experience, company-specific requirements, 

etc.  But the “what” of the walkdown is a constant, and consists of the risk-based screening, use of generic 

information, development of realistic fragility parameters, seismic interaction reviews, seismic-induced 

fire and flood considerations, as well as human reliability factors.  These key objectives of the walkdown 

and how they plug into the overall seismic fragility analysis or plant response analysis process are 

described.  The wide range on the implementation side for achieving these key objectives in the 

walkdown is discussed. 

 

INTRODUCTION 

 

The purpose of fragility analysis in SPRA is to estimate the seismic fragilities of structures, systems, and 

components (SSCs) whose failure may contribute to core damage or large early release, or both.  Seismic 

fragilities define the conditional probability of failure of important structures and equipment whose 

failure may lead to unacceptable damage to the plant.  Seismic fragilities are typically defined by the key 

parameters of median ground acceleration capacity Am, and logarithmic standard deviations !R 

(accounting for random variability) and !U (accounting for modelling uncertainty). 

 

The key technical elements in fragility development include seismic response analysis, screening of high-

seismic-capacity components, identification of failure modes, calculation of fragility parameters, and 

documentation.  The analytical aspects of fragility development including plant response analysis, soil-

structure-interaction, and capacity evaluations are well documented in the literature.  Examples of 

available guidelines include EPRI (1994), EPRI (2002), EPRI (2009), ASCE (1998), and ASCE (2013).  

As an alternative to the separation of variables approach, EPRI (2013) outlines a standardized 

approximate hybrid approach for development of seismic fragility parameters.  This approach draws upon 

the EPRI (1991) conservative deterministic failure margin (CDFM) methodology.   

 

Walkdowns play a critical role in the seismic fragility development process.  However, there is little 

specific guidance provided in this regard, and as a result, the walkdowns for SPRA can become 

misunderstood and inadequate.  The importance of seismic walkdowns became highlighted in the  
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Unresolved Safety Issue (USI) A-46 program by SQUG (2001).  High standards were established for 

walkdown Seismic Capability Engineers including completion of extensive required reading, a 40 hour 

training course, minimum of 5 years of related seismic evaluation experience, and inclusion of a 

registered professional engineer (PE) on each walkdown team.  Walkdown teams were required to fill out 

detailed checklists that were designed to guide judgments and ensure that critical caveats and inclusion 

rules for the seismic screening of each item of equipment were properly addressed.  Additional defence in 

depth for the strength of the walkdown was achieved by required peer reviews specifically addressing the 

judgment of the walkdown teams.  The overall objective of the SQUG (2001) Generic Implementation 

Procedure (GIP) screening was to demonstrate compliance with the plant seismic design basis. 

 

The importance of walkdowns was further illustrated in the seismic individual plant examination for 

external events (IPEEE) programs.  Here, the seismic walkdown team members were required to meet all 

of the SQUG A-46 requirements plus had to perform additional required reading and attend an add-on 3-

day training course.  The training course was focussed on the CDFM analytical methodology and 

demonstration of seismic capacities beyond design basis.  Walkdown checklists were provided in EPRI 

(1991) to guide the screening effort, this time in general designed to achieve 0.30g peak ground 

acceleration high confidence low probability of failure (HCLFP) seismic capacities.  Peer reviews 

addressed walkdown team judgment. 

 

Post-Fukushima walkdowns were required for near term task force (NTTF) 2.3 seismic as described in 

EPRI (2012).  This walkdown was intended to re-confirm plant design basis and IPEEE seismic 

capacities.  Walkdown team member qualification requirements were lessened from the USI A-46 and 

seismic IPEE programs.  Degreed engineers with any nuclear power seismic experience could attend a 1-

day walkdown training course and be considered as certified for the effort.  Walkdown checklists were 

provided to guide the reviews.  Peer reviews addressed walkdown team judgment.   

 

The most recent post-Fukushima seismic walkdowns were conducted for the expedited seismic evaluation 

process (ESEP) as described in EPRI (2013).  This required walkdown evaluation of plant-specific 

elements by the seismic review team (SRT).  Brief guidelines were provided to assist the SRT in 

"screening out" components during their walkdown, but required that the SRT exercise its own collective 

experience and judgment in the use of these guidelines for any specific component.  No training was 

provided and no minimal requirements for SRT members were given.  The ESEP walkdowns considered 

beyond design basis earthquake shaking capped at double the plant safe shutdown earthquake (SSE). 

 

The SQUG, IPEEE, NTTF 2.3, and ESEP walkdown provide some related experience for seismic fragility 

walkdowns, but fall short of the needs and objectives for SPRA.  Seismic fragilities used in a seismic 

PRA should be realistic and plant-specific, based on actual conditions of the SSCs in the plant, as 

confirmed through a detailed walkdown of the plant.  The seismic acceleration-controlled and force-

controlled aspects of fragility screening assessment can in general rely on the methodologies and tools 

from the prior walkdowns.  However, the identification of weak links as well as assessment of 

displacement-controlled phenomenon during walkdown goes beyond any of the prior walkdowns 

performed for the plant.  SPRA walkdowns are an integral element of the fragility development tasks 

including risk-based screening, use of generic information, development of realistic fragility parameters, 

and seismic interaction reviews including seismic-induced fire and flood considerations as well as human 

reliability factors.   

 

RISK-BASED SCREENING 

 

Minimum screening level HCLPF capacities can be defined by risk-based methods as described in the 

Screening, Prioritization and Implementation Details (SPID) by EPRI (2012).  For a number of plants, 

this screening level can conveniently align with the Seismic Margins Assessment (SMA) seismic capacity 
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screening tables in EPRI (1991).  In general, this is a straightforward exercise and can utilize all of the 

above-described walkdown methodologies and seismic evaluations tools from the SQUG, IPEEE, NTTF 

2.3, and ESEP walkdowns.   

 

A potential problem arises when assessing for displacement-controlled phenomena such as commodity 

clearances and differential displacement of adjacent structural systems.  For example, when 0.50g HCLPF 

capacity screening is performed for passive components mounted at grade, as described in EPRI (2012), 

the SPID CDFM approach would estimate median capacity of many equipment components as 2.26 x 

0.50g = 1.13g (using the composite !c of 0.35).  This means that the component can perform its intended 

function well beyond the 0.50g screening level.  If clearance is not sufficient for any fragile 

appurtenances of the component, failure may occur well before the 1.13g median capacity level is 

reached.  The displacement screening should be performed in consideration of the stated median capacity 

level of the component if seismic impact is a credible failure mode for the component being addressed. 

 

Extreme caution must be exercised when relying on prior seismic IPEEE screening levels and associated 

results.  Special attention should be given to IPEEE outliers resolved as-is (i.e., without modification).  

Commodity clearances accepted under the IPEEE program may have little to no margin beyond the 

IPEEE review level earthquake (RLE).  For example, consider a motor control center (MCC) with small 

clearance to an adjacent masonry block wall.  At higher acceleration levels and with onset of cracking in 

the masonry wall, the small clearance can close at higher levels of shaking, resulting in severe impact and 

possible failure of the MCC, long before the estimated screening level median capacity of the MCC is 

attained. 

 

USE OF GENERIC INFORMATION FOR SCREENING 

 

For the initial quantification in SPRA, it is not uncommon for the analysis to use generic fragility 

parameters such as provided in Appendix H of the EPRI (2013) Seismic Probabilistic Risk Assessment 

Implementation Guide (SPRAIG).  This initial quantification can be used to identify the most risk-

significant components for follow-on detailed fragility analysis.  However, many of these generic fragility 

parameters can remain in the model, under the assumption that the capacities utilized are conservative 

estimates of the actual capacity.  If actual capacity is higher, and if the component does not contribute to 

CDF or LERF, then the use of conservative and generic fragility parameters can be justified. 

 

The potential problem arising from this practice is in recognition that the basis for the demonstrated 

insignificance of these components is that the actual capacity is at least as high as the generic value used 

in the quantification.  That is, if actual capacity is lower, then the item may become a significant 

contributor to core damage or large early release or both.  One good option for this confirmation is 

walkdown by an experienced team with knowledge of the in-structure response spectra for the location of 

the equipment.  For example, if a median generic capacity of 2.0g is used for a MCC, the walkdown team 

can check for the screening rules in EPRI (1991) and ascertain if plant conditions as well as ISRS 

substantiate the conservatism in the generic value.  There is further discussion of MCC generic capacity 

in the following Section. 

 

USE OF GENERIC INFORMATION FOR FRAGILITY ANALYSIS 

 

A handy tool in fragility estimation is use of the 1.8g spectral HCLPF capacity (at 5% damping) for 

mechanical and electrical equipment meeting the SQUG caveats and inclusion rules, as described in EPRI 

(2002), and the seismic margins screening tables in EPRI (1991).  If this is an active component located at 

a high elevation in the plant, the SPID CDFM approach would estimate 5% damped median spectral 

acceleration capacity for the component as 2.85 x 1.8g = 5.13g (using the composite !c of 0.45).  If this 
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component were a tall and narrow base supported cabinet, with a natural frequency of roughly 10 HZ, the 

deflection " at the top of the cabinet associated with its median capacity would be about: 

 

cm0.2)102/()g13.5(6.1 2 #$%$&"  

 

A similar deflection estimate would need to be performed for the adjacent commodity.  The combined 

deflections can be several cm whereas at the generic HCLPF screening capacity level (such as 0.30g peak 

ground accelleration) the deflection might have been judged to be insignificant.  Figure 1 illustrates an 

example of a commodity clearance situation involving proximity of the top of an MCC cabinet and 

stairwell framing.  This particular example was properly screened out from further concern during IPEEE 

reviews.  The clearance may be suitable for 0.30g IPEEE, but should be further investigated for median 

capacity levels in SPRA. 

 

 
 

Figure 1:  Proximity of Stairwell Framing with Top of MCC Cabinet 

 

Another manner of looking at this potential problem would be consideration of the lognormal distribution 

assumption assigned for the fragility curve.  When impacts of fragile appurtenances are involved, the 

fragility curve can take on the characteristic shape of a step function, or cliff, rather than a smooth 

lognormal shape.   

 

Other deflection controlled failure modes have to be considered when using generic information in 

fragility development.  For example, generic information can be utilized for fragility assessment of unit 

substation transformers, often coupled with metal clad switchgear.  In SQUG (2001), Caveat 5 states that 

“for 750 kVA transformers and larger, there should be at least a 2-inch (5.1 cm) gap between the 

energized component and the upper portion of the transformer cabinet.  If the gap is less than 2 inches 
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(5.1 cm), it should be verified by analysis that there is sufficient gap and/or there should be provisions for 

relative lateral displacement to preclude contact between the energized component and the cabinet. The 

concern is that without adequate clearance, transformers could be shorted out during the earthquake and 

thereby rendered inoperable.”  The gap assessment for energized components has to consider deflections 

larger than those used for A-46 and IPEEE screening, up to the median capacity level being assigned to 

the component.  For this example transformer, the gap between the energized bus bars and the cabinet 

walls should be checked at 5g peak spectral response, and not at the level of the SQUG reference 

spectrum.  Walkdown team members must be cognizant of these issues.  If not, the resulting fragilities 

will not be realistic and median capacities may be significantly overestimated. 

 

DEVELOPMENT OF REALSITIC FRAGILITY PARAMETERS 

 

Significant contributors to core damage or large early release must have realistic fragility curves.  For 

realistic fragility, the seismic capacity must address credible failure modes and component weak links.  

This requires performance of a walkdown much unlike the A-46, IPEEE, NTTF-2.3, and ESEP 

walkdowns.  The objective is not to confirm that seismic capacity is sufficient for design basis or other 

screening level objectives to be met.  The objective is to determine what the focus should be for the 

fragility analysis.   

 

Anchorage is commonly a governing element in seismic capacity for mechanical equipment such as 

horizontal pumps, heat exchangers, and chillers.  A significant portion of the seismic demand loading on 

the anchorage is typically imposed by the nozzle loads caused by the attached piping as assumed by the 

fragility analyst.  The nozzle loads should not be directly obtained from manufacturer allowable nozzle 

loads, and should not be blindly scaled from conservative design basis piping analysis cases.  This may 

not be realistic, and can result in fragilities with excessive conservative bias.  The walkdown team has to 

help determine the realistic nozzle loads that should be included in the fragility evaluation.  Piping 

tributary spans can be estimated for each nozzle for each direction of motion.  If thermal deflections are 

found to be small for piping, the loading on anchorage may be self relieving.  Large thrust or operation 

loads may only be associated with transients or operating modes such as start-up which may not be 

applicable to the SPRA.  If anchorage edge distance results in low capacity, there may be other anchors 

without edge distance concerns that can carry that lost load.  All of these kinds of considerations require 

an experienced walkdown team and should be properly addressed during walkdown for the fragility 

analysis. 

 

Seismic capacity to demand investigations for component functionality fragility should be based on a 

realistic frequency range of interest.  The seismic capacity to demand comparisons should also consider a 

realistic failure mode associated with a certain direction of motion.  Fragilities can be unrealistic if 

functional capacity is based on seismic capacity to demand considerations over the entire frequency range 

for all directions of motion.  If the known failure mode for a free-standing electrical panel is associated 

with front-to-back movement and response at resonance, then there may be no need to address high 

frequency vertical response or side-to-side movement.  If no important flexible sub-assemblies are 

observed on a horizontal pump, then there may be no need to address lower frequency response.  The 

walkdown team should do all they can to define the frequency range of interest and the directions of 

motion of concern for the important equipment components. 

 

SEISMIC INTERACTION REVIEWS 

 

As discussed above, seismic proximity reviews should be performed in consideration of the large seismic 

deflections associated with the estimated median capacities of each item of equipment.  Seismic failure 

and falling issues are also addressed, and these are typically specifically addressed for each item on the 

walkdown seismic equipment list (SEL).  However it may not be sufficient to perform the block wall 
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seismic interaction review only in the location of SEL components, especially if a plant has many 

unreinforced masonry or low capacity block walls.  Items that may be overlooked include distribution 

systems and items not on the walkdown SEL because they were screened out as inherently rugged, such 

as hand valves or HVAC damper operators. 

 

In general, distribution systems have high seismic capacity as evidenced by past earthquakes and a 

number of industry test programs and studies.  As such, these do not receive much attention during SPRA 

plant walkdowns.  However, if masonry walls are determined to be credible falling interaction sources, 

the plant walkdown scope should be expanded in order to address walls other than only the walls adjacent 

to SEL items.  Small electrical conduit, bare cables, small bore piping, sense lines, and tubing may be 

especially vulnerable to falling masonry block walls.  The scope of the walkdown should be expanded to 

address these vulnerabilities.  The walkdown should also pay close attention to distribution systems in the 

vicinity of building crossings or other shakespace areas.  Building displacements associated with the 

median capacity corresponding to the HCLPF screening level of distribution systems can be large.  These 

large differential displacements should be addressed during the seismic interaction walkdowns. 

 

Falling masonry walls can also potentially damage the rugged items that were screened out from the 

walkdown SEL.  Hand valves on small lines and solenoid operators on HVAC dampers way be especially 

prone to damage as the result of falling masonry blocks.  An experienced walkdown team can readily 

identify and assess these kinds of potential interaction concerns.   

 

Block walls may be prevalent in stairwells and in the vicinity of elevator shafts.  These areas may be 

pathways for operator actions, such as for re-setting relays.  The seismic interaction review has to 

encompass the operator action paths considered in the human reliability factors assessment.  It is good 

practice for an experienced seismic walkdown team member to accompany the human reliability analyst 

during their walkthrough of operator action pathways. 

 

The scope of the walkdown for seismic induced fire and flood has to be wide enough so that it captures all 

potential fire and flood sources of concern.  The walkdown for seismic-induced flood may need to extend 

into adjacent non-safety-related structures, if flow paths are identified for internal flooding concerns.  The 

walkdown for seismic induced fire and flood also must address failure and falling of masonry walls, as 

well as displacement considerations including differential deflections and commodity clearance.  For 

example, sprinkler head clearances established for design and verified for A-46 or IPEEE may become 

significant potential hazards for the SPRA.  It is good practice for experienced seismic walkdown team 

members to perform general plant area walk-bys in support of the seismic inducted fire and flood 

assessments in SPRA. 

 

IMPLEMENTATION 

 

As discussed above, the A-46 and IPEEE programs imposed strictwalkdown team member qualifications, 

checklists, and other documentation requirements to help maintain the level of rigor and quality in the 

walkdown portions of those programs.   Establishing requirements such as these is beyond the scope of 

the SPRA Standard.  The Standard can only specify what has to be accomplished by the walkdown.   

 

The considerations for selection of the individuals for conducting the SPRA walkdown teams should be 

no different than the kinds of considerations used for selection of the individuals for other elements of 

fragility evaluation.  Project management should select walkdown team members with experience 

commensurate with the goals and objectives of the walkdown, to ensure that the plant fragilities are plant 

specific and realistic.   
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The scope of the walkdown is plant specific.  For plants with ample configuration control and quality 

documentation on seismic qualification and anchorage verification, the extent of the walkdowns may be 

lessened.  Alternately, older plants that did not maintain USI A-46 and IPEEE documentation and 

configuration may require a more extensive walkdown.  This will be case-by-case.  It is not mandatory 

that new screening evaluation works sheets (SEWS) be filled out for every single component on the 

walkdown SEL.  This is a common misconception for SPRA, typically implemented because the 

language in the Standard states to “CONDUCT a detailed walkdown of the plant...”  This does not mean 

to go seek out and find and complete a SEWS and take a picture of each component.  Experience and 

judgement have to be exercised when developing and implementing the SPRA walkdown procedures for 

each individual plant.   

 

The SEWS developed for the plant A-46 and IPEEE purposes should be reviewed and understood prior to 

performing any SPRA fragility walkdowns.  This is a valuable source of information for potential plant 

features with low seismic margin.  But also consider that the most risk significant items in the plant are 

going to need plant specific fragility values.  Plant specific seismic test data will be of much higher 

importance that the generic seismic experience based information.  If plant-specific test data is available, 

then there could be literally no value in having a new walkdown team complete new SEWS for that item.  

The walkdown teams should focus on the plant conditions and component configuration associated with 

that item attaining its median capacity as associated with its seismic tests.  This should specifically 

include review of anchorage, load path, II/I, and commodity clearance.   

 

Use of a checklist should be considered to be optional and not mandatory.  The SPRA Standard requires 

that the walkdown documentation include the walkdown procedures, walkdown team composition and its 

members’ qualifications, walkdown observations, and conclusions.  This can be accomplished in a 

number of ways.  A well-written walkdown report, describing especially all potential areas of concern as 

noted for risk-significant items of equipment, is of much more value to the fragility development and 

SPRA quantification teams that 100’s of pages of completed SQUG and EPRI margins SEWS forms.   

 

CONCLUSION 

 

The goals and objectives for SPRA walkdown are in general very different from those for the other major 

seismic walkdowns performed for the plant including USI A-46, seismic IPEEE, NTTF 2.3, and ESEP.  

The SPRA walkdown is not a simple confirmation of a seismic capacity goal.  The fragility basically 

defines how large an earthquake has to be in order to fail the as-installed configuration for each item of 

equipment in the plant.  This is considerably more involved that design basis screening evaluation, and 

requires experience, judgment, and attention to detail.  It is absurd to consider that training and experience 

requirements for SPRA walkdown team members are lesser than as imposed by the A-46 and IPEEE 

programs.   

 

A number of technical elements of the SPRA walkdown illustrate that the knowledge and experience 

required for proper walkdown are well beyond the prior walkdown programs.  Seismic imposed 

displacements are important.  Seismic displacements have to consider the level of shaking associate with 

the median capacity of the component.  In addition, the generic uncertainty parameters may not be 

applicable when clearance and seismic anchor movement displacements may control the median capacity 

of an SSC.   

 

Technical requirements for SPRA also illustrate that the scope of the walkdown is larger than the 

walkdown SEL as used in the prior walkdown programs.  Seismic interaction reviews as well as seismic 

induced fire and flooding evaluations involve a wider set of important plant areas. 
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The SPRA walkdown cannot be driven by a need to complete simple checklists for lower seismic level 

screening capacities.  The SPRA fragility walkdown is performed to either confirm use of a representative 

bounding capacity level for an item of equipment, or to identify and collect information that will be used 

to derive a realistic median capacity with associated uncertainty for that item of equipment.  Development 

of plant-specific walkdown procedures implemented by highly experienced walkdown team members is 

encouraged. 
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