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Abstract 
Current probabilistic risk assessment (PRA) methods for nuclear power 

plants utilize component fragilities which are for the most part based on a 
limited data base and engineering judgement. The seismic design of components 
is based on code limits and NRC requirements that do not reflect the actual 
capacity of a component to resist failure. In order to improve the present 
component fragility data base and establish component seismic design margins, 
the NRC has commissioned a projected three-year program to compile existing 
fragilities data and at the same time independently perform fragilities tests 
on selected mechanical and electrical components. This paper presents the 
planning and technical approach being taken by LLNL in the NRC Component 
Fragility Program. 

1. Introduction 
Current probabilistic risk assessment (PRA) methods for nuclear power 

plants utilize component fragilities which are for the most part based on a 
limited data base and engineering judgement. The seismic design of components 
is based on code limits and NRC requirements that do not reflect the actual 
capacity of a component to resist failure. In order to improve the present 
component fragility data base and establish component seismic design margins, 
the NRC has commissioned a projected three-year program to compile the 
existing fragilities data base and at the same time Independently perform 
fragilities tests on components determined to be Important to safety. Besides 
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empirically determining actual seismic design margins and fragilities for 
selected components, this program will generally enhance understanding of 
component failure modes and of the various issues affecting fragility and 
seismic margins. One immediate application of this improved understanding 
will be preparing for the potential impact of seismic issues related to the 
Charleston earthquake, which would affect nuclear power plant sites in the 
eastern United States. 

This program, begun in October 1"U4, is being conducted in two phases. 
Phase I (FY 85) activities will consist of parallel efforts to (1) develop and 
demonstrate procedures for performing component tests to obtain new 
fragilities data, (2) identify through systematic grouping components 
important to safety and therefore candidate for extensive testing, and (3) 
compile and evaluate existing component fragilities data from sources world
wide. Near the end of Phase I, the results of these activities will be 
convolved into a detailed plan for comprehensive component testing to be 
performed in Phase II of the program (FY86 and FY87). 

During Phase 1, the Lawrence Livermore National Laboratory (LLNL) will 
perform component testing and prioritization, and will coordinate its 
activities with those of the Brookhaven National Laboratory (BNL), which will 
compile the existing fragilities data base. LLNL will incorporate fragility 
data collected by BNL in the development of the Phase II test plan. 

2. Objectives 
The overall objective of the NRC Component Fragilities Program is to 

empirically establish component fragilities and seismic margins, with emphasis 
on improving tfts data base for probabilistic risk assessment as well as on 
quantifying margins against failure. The specific objectives of the LLNL 
effort are to: 

systematically identify and categorize electrical and mechanical 
components Important to safety, taking into account system and subsystem 
functional descriptions, operating and maintenance experience, expert 
opinion, past PRA results, regulatory concerns, and existing test data. 
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develop procedures for component fragilities and seismic margins testing, 
and demonstrate the effectiveness of these procedures through actual 
component tests. Obtain useful fragilities and seismic margins data for 
the components tested. 
based on the test procedures and component grouping, develop a plan for 
comprehensive fragilities and seismic margins testing to be performed in 
FY85 and FY86. 

In the discussion that follows, reference to "fragilities" is to be 
considered a reference to "seismic margins" as well, except where a clear 
distinction is made between the two. 

3. General Discussion 
The "fragility" of a component is generally defined as the probability of 

its failure as a function of some forcing or response function. Fragility may 
be expressed as a function of a local response parameter or can be tied to 
free field peak ground acceleration. The testing outlined in this paper 
concentrates on seismic fragility; however, it is important to keep in mind 
that, in principle, fragility can be defined for any type of forcing function. 

In the purest statistical sense, empirically developing a meaningful 
seismic fragility for a given component would require that a large population 
of identical components (e.g., several hundred or several thousand) be 
subjected to successively higher levels of acceleration and the distribution 
of failures as a function of acceleration level recorded. Within practical 
constraints on time and resources, this is hardly feasible for a single 
component under well-defined load conditions, let alone for the infinite 
combinations and permutations of component type, mounting, loading conditions, 
etc., that could be identified for actual nuclear power plants. Therefore, an 
alternate approach is necessary to experimentally gain insight into fragility. 

The approach discussed in this paper takes advantage of the fact that, for 
PRA application, a limited fragility description may be adequate. This is 
because in a probabilistic analysis, failure occurs only when the probability 
distributions of response and fragility overlap. In those cases where only 
the tails of these distributions overlap (as would be the case, for example, 
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for a component with a high safety margin), only the lower portion cf the 
fragility curve would be of interest from a PRA standpoint. Therefore, the 
number of tests on such a component could be limited to provide useable 
information ov^r a limited loading range, although a relatively large number 
of identical components might still have to be tested to assure statistically 
meaningful results. 

For a component having a high margin against seismic failure, the degree 
of overlap of the response and fragility distributions could conceivably be so 
small, under all credible loading conditions, as to imply that the probability 
of a seismic failure is effectively zero. In such a case, it would have 
little meaning to empirically describe fragility for PRA purposes; however, 
testing could be useful for giving some basis for judgement as to the level of 
seismic margin. A limited number of tests may substantially help in this 
regard. 

4. Component Grouping 
In order to reduce to a manageable level the number of components included 

in a comprehensive test program, it will be necessary to prioritize components 
related to plant safety. Past efforts to develop generic minimum equipment 
lists through the use of probabilistic risk assessment models have met with 
limited success. The results of these efforts suggested that the apparent 
importance of components was strongly influenced by event/fault trees, which 
are characteristic of a specific plant, and by the fragility data used in the 
PRA study, which was based primarily on expert judgement. 

!n view of these limitations, we are taking an alternate approach to 
systematically identify, categorize, and prioritize electrical and mechanical 
components important tc safety. This approach takes into account plant system 
and sub-system functional descriptions, expert judgement, past PRA results, 
regulatory concerns, existing test data and plant operating and maintenance 
experience. Components will be grouped by function. Sub-groups will be 
established according to the technical issues affecting the fragility of a 
given component; the sub-groups will in turn provide a basis for defining 
detailed test specifications. The intent of this approach is to reduce to a 
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minimum the number of component tests required while at the same time 
maximizing the applicability of test results. 

The information forming the basis for component grouping is being drawn 
from many sources, both domestic and foreign, including: 

NRC (regulatory considerations). 

architect-engineers and NSSS vendors (qualification experience, system 
descriptions). 

utilities and NSSS vendors (operating and maintenance experience). 

test laboratories (qualification testing, fragilities testing). 

expert consultants in mechanical engineering, structural engineering, 
component aging, and probabilistic risk assessment. 

other sources, such as the Electric Power Research Institute (EPRI), the 
Seismic Qualification Utility Group (SQUG) and the Senior Seismic Review 
Advisory Panel (SSRAP). 

We have also enlisted the participation of a number of foreign 
organizations having interest in component behavior and in some cases 
performing extensive testing programs of their own, including Electricite de 
France (EdF), the Commissariat a TEnergie Atomique (CEA) and Framatome 
(France), and the Rheinisch-Westphaelisher Technischer Ueberwachungs-Verein 
(RWTUV) in West Germany. 

Figure 1 shows conceptually how components will be grouped by function. 
For discussion purposes, five general categories have been defined: flow 
control devices, rotating machinery, electrical equipment, electronics, and 
sensors (e.g., instrumentation). These general categories are then further 
subdivided by type until a level is reached at which specific components are 
specified. In principle, the subdivision could be continued until each 
individual component in a power plant were specified. Practical 
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considerations dictate, however, that the specification be cut off at some 
higher level. 

For the purpose of this study, "components" will be limited to mechanical 
or electrical equipment. Pressure vessels and piping, for example, will not 
be addressed ("piping" is included in Fig. 1 for illustrative purposes only), 
nor will structures be included. Certain types of supports may possibly be 
included in the component grouping and eventual Phase II testing. 

Components will then be sub-grouped according to the various technical 
issues affecting fragility. We have designated these issues as follows: 

Technical Issue "A", external interface, considers, for example, nozzle 
loads due to attached piping on pumps and valves, or how a component is 
anchored. 

Technical Issue "B", aging, considers the detrimental effects of normal 
operation of the component over its service life. 

Technical Issue "C", input loads and environmental effects considers the 
effects of input lo;:ds and environment (e.g., temperature, pressure, and 
moisture). Once a given component has been selected for testing, the 
specified input loads and environment will be dictated by the in-plant 
application of that component. 

Technical Issue "D", statistical considerations, relates to statistical 
design of fragilities tests. The number of tests required to deliver 
statistically meaningful results is expected to be a function of tht level 
of seismic margin of the component. For components that do not fail until 
excitation levels reach many times one SSE, a small number of components 
(or one small set of different-sized components) may be sufficient. 
Components that fail at lower excitation levels (e.g., one or two times 
the SSE) may require testing significantly more extensive. 

Technical Issue "E", scaling, relates to how transferable data is to 
components larger or smaller than but otherwise similar to that (or those) 
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actually tested. As with test statistics, the number of tests | 
required to deliver meaningful results for a particular type of component f 
is expected to decrease as the level of seismic margin increases. 

Technical Issue "F", operating, maintenance, and installation errors, is 
highly dependent on adherence to component quality control procedures, and 
will not be considered in this study. However, sufficient experience 
should be gained by the end of Phase II testing to provide guidance for 
addressing quality control. 

Figure 2 shows a conceptual scheme for component sub-grouping on two 
levels. The first level takes into consideration the importance of the above 
issues "A" and "B", external interface and aging. A second level of sub-
grouping establishes whether the component has a high or low level of seismic 
margin. In principle, each of the eight sub-groups would have associated with 
it a general set of considerations which will affect how test specifications 
are developed for a given component. Components will be initally assigned to 
specific sub-groups based on expert judgement; subsequent testing may result 
in a component being reassigned to a different sub-group. 

5. Component Prioritization 
The actual component grouping and prioritization will be performed by LLNL 

and its consultants. Component groups and important components within each 
group, and eventually candidate components for comprehensive testing, are 
being systematically identified as follows: 

(1) The NRC is being solicited for specific regulatory concerns that 
should underlie component prioritization. 

(2) Detailed descriptions of power plant systems are being provided by 
the four U.S. nuclear steam supply system manufacturers as well as 
by selected architect-engineers. Each contributor will identify 
which components, In their judgement, are most important within each 
system and subsystem as based on the functional descriptions. 
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(3) The relative contribution of each system to overall plant safety (or 
risk) will be determined through consultation with PRA experts. No 
PRA analyses will be performed, however. 

(4) Operating and maintenance historiest obtained from utilities and 
component vendors, will be examined to determine the importance and 
degree of aging effects on components. 

(5) Once specific components or component types have been identified as 
important, the existing fragilities data base compiled by BNL will 
be examined to determine to what extent data is already available on 
these components. 

(6) The component grouping and prioritization will be subjected to 
review by a select group of consultants. It is anticipated that 
development of a final grouping and prioritization will require one 
or more iterations. 

(7) The NRC will be asked to review the grouping and prioritization, and 
to provide additional input, if any. 

6. Phase I Tests 
Parallel to the grouping and prioritization of power plant components, 

LLNL and its consultants will develop fragilities test procedures which will 
be applied in Phase I demonstration tests on selected components. The actual 
tests are being performed by Wyle Laboratories (Norco, California) under 
subcontract to LLNL. LLNL and Wyle have jointly developed the Phase I test 
procedures. The components to be tested, two basic configurations of motor 
control center, have been selected based on judgement of their importance and 
the component characteristics that can be used to demonstrate the overall 
testing philosophy and procedures. In this case, the effect of anchorage on 
both the functional and structured behavior of the motor control center wi"M 
be of key interest. 

The motor control centers are approximately 24 x 20 x 78 inches in size, 
internal-frame type construction capable of being either bolted or welded to 
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the floor. The internal components will tentatively include one or more 
relays, two or three starters of different sizes, and other conventional 
devices such as terminal blocks, breakers, and meters. A second cabinet of 
similar size and with similar internal component mounting will also be 
tested. This cabinet will be of sheet metal construction without an internal 
frame. The experiments with this cabinet will be performed with the internal 
components from the first cabinet. Cabinet designs will be representative of 
actual nuclear power plant motor control centers, and will incorporate 
mounting and anchorage provisions that allow cabinet rigidity to be varied. 

It is anticipated that four experiments, each consisting of a series of 
individual tests, will be performed on each cabinet. Each experiment will be 
designed to determine the influence of a particular anchorage/mounting 
configuration on stress levels, in-cabinet response levels, and component 
fragility. Mounting configurations are to be representative of actual nuclear 
power plant practice. Each experiment on each configuration will include: 

A resonance search in each direction with a sine sweep. 

Random excitation using two or three "realistic" spectra for frequency 
content comparison. Spectrum amplitude will be increased step-wise, with 
excitation levels limited to the capability of Wyle Laboratories' existing 
testing machines. Control circuits for relays and starters will be 
energized to investigate functional operation. No electrical loads will 
be applied to the main contacts. 

The monitoring parameters and data to be acquired during these tests will 
include input excitation levels, strain gauge measurements at critical stress 
points, transmissibility data for sine sweep, in-cabinet response at selected 
points with random excitation, and function operation and/or chatter of 
components. Fs»gil1ty levels will be determined by observing one or more of 
the following parameters: malfunction or loss of function of components, 
excessive amplification in structural response, structural stress levels, 
structural integrity. 
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7. Phase II Testing 
As the final Phase I task, LLNL and its consultants will develop a program 

plan for comprehensive Phase II testing, including a recommended list of 
components to be tested and test specifications. The individual Phase I 
efforts will contribute to the Phase II test plan as follows: 

Component prioritization will provide insight on the relative safety 
significance of various components, thereby having the most direct bearing 
on the number and types of components to be tested in Phase II. 

Component grouping will identify the functional relationship among 
components and thereby the extent to which test results for a particular 
component might be applicable to others that are similar. Component sub-
grouping will influence specified test procedures. 

The fragilities data survey will identify available data for components 
selected as candidates for testing, and therefore influence the extent of 
testing. For certain components limited testing may suffice to fill in 
"holes" in the available data base. 

The proposed approach for defining a recommended Phase II test plan is 
intended to systematically identify components for testing and optimize the 
applicability of data obtained from individual component tests, in other words 
maximize the cost effectiveness of component testing. Based on its grouping 
and prioritization efforts, LLNL will develop a list of components for 
comprehensive testing, divided into three groups. 

Group 1: components judged to be of highest priority, which will be 
tested in the first year of Fhase II. 

Group 2: components judged to be of lower priority, which will be tested 
in the second year of Phase II. 

Group 3: lowest priority components for which the necessity of testing 
will be subject to NRC decision. 
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We recognize, however, that certain regulatory considerations (for 
example, limiting testing to specific components in reactor coolant systems) 
may in the end outweigh logistical factors. The final Phase II test plan will 
therefore be developed in close consultation with the NRC. 

As in Phase I, we will make effective use of available resources for the 
comprehensive testing in Phase II. Our Phase II test planning will be based 
on the following premises: 

We will use existing facilities at organizations with a demonstrated 
capability in component testing, thereby eliminating costs for new test 
facilities and for personnel training. 

We will negotiate with industry for donations of aged components removed 
from power plant service, thereby avoiding component procurement costs. 
Initial communication between LLNL and our industrial contacts offer 
encouragement that we can reach a positive agreement prior to Phase II 
testing. 

We presently foresee fragility data being obtained for ten to twenty 
components over the currently projected two years of comprehensive testing. 
The actual time required to bring the component fragilities program to closure 
will depend neavily on the results of the Phase I prioritization and grouping 
efforts, which will influence which components will be tested and how many 
tests will be required. 

8. Conclusions 
We have outlined a plan for a comprehensive fragility testing program 

which is expected to give meaningful results over the next several years. The 
first phase of the Program, to be executed this year, calls for grouping and 
prioritization of components, testing of several configurations of a motor 
control center, and development of a follow-on Program Plan. Inputs from a 
number of sources will be utilized to group and prioritize components. 
Groupings will be influenced by six technical issues: interface effects, 
aging, environment, statistical aspects, sealing, operating, maintenance and 
installation errors. 
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Figure 1: Conceptual component grouping by function. 
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