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ABSTRACT 

The Seismic Safety Margins Research Program (SSMRP) is a U.S. NRC-funded 
multiyear program conducted by Lawrence Livermore National Laboratory (LLNL). 
Its goal is to develop a complete fully coupled analysis procedure (including 
methods and computer codes) for estimating the risk of an earthquake-induced 
radioactive release from a commercial nuclear power plant. As part of this 
program, calculations of the seismic risk from a typical commercial nuclear 
reactor were made. These calculations required a knowledge of the probability 
of failure (fragility) of safety-related components in the reactor system 

report describes the development of the required fragility relations and the 
data sources and data reduction techniques upon which they are based. Both 
building and component fragilities are covered. The building fragilities are 
for the Zion Unit 1 reactor which was the specific plant used for development 
of methodology in the program. Some of the component fragilities are 
site-specific also, but most would be usable for other sites as well. 
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which actively participate in the hypothesized accident scenarios. This 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily ,wnstitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

iii 



CONTENTS 

. . . . . . . . . . . . . . . . . . . . .  Abstract iii 
List of Figures . . . . . . . . . . . . . . . . . . .  vii 
List of Tables . . . . . . . . . . . . . . . . . . .  viii . . . . . . . . . . . . . . . . . . . . .  Foreword ix . . . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . .  3 
b Executivesummary 

Section 1: Introduction 
5 
5 
9 

Section 2: Overview of the Fragilities Development . . . . . . .  
2.1 Data Sources for Components . . . . . . . . . . .  
2.3 Summary of Component Fragilities . . . . . . . . . .  16 

2.3.1 Separation of Uncertainty . . . . . . . . . .  16 
Section 3: Zion Building Fragilities . . . . . . . . . . .  23 

3.1 Scope . . . . . . . . . . . . . . . . . . .  23 
3.2 General Approach . . . . . . . . . . . . . . .  24 

3.2.1 Systematic Versus Random Uncertainties . . . . .  26 
3.2.2 The Strength Factor FS . . . . . . . . . .  28 
3.2.3 The Ductility Factor F?, . . . . . . . . . .  31 . 
3.2.4 The Response Factor FR . . . . . . . . . .  33 
3.2.5 Example of Fragility Development . . . . . . .  33 
3.3.1 Description . . . . . . . . . . . . . .  38 
3.3.3 Summary of Zion Reactor Building Fragilities . . .  51 

3.4 Turbine/Auxiliary Building . . . . . . . . . . . .  53 
3.4.1 Description . . . . . . . . . . . . . .  53 
3.4.2 Turbine Building Failure . . . . . . . . . .  54 
3.4.3 Auxiliary Building Failure . . . . . . . . .  55 
3.4.4 Shear Wall Failure for East-West Excitation . . .  57 

3.5 Crib House (Intake Structure) . . . . . . . . . . .  59 
3.5.2 Crib House Failure . . . . . . . . . . . .  62 

Section 4: Component Fragilities . . . . . . . . . . . . .  65 
4.1 Plant-Specific Component Data Sources . . . . . . . .  65 

Derived from Analysis or Design Reports . . . . .  66 
Derived from Design Reports . . . . . . . . .  69 

4.2 Fragilities Derived from Test Data . . . . . . . . .  73 
Seismic Zones . . . . . . . . . . . . . .  73 

4 2.2 Description of Categories . . . . . . . . . . . .  

3.3 Reactor Containment Building Fragilities . . . . . . .  38 
3.3.2 Failure Modes and Fragilities . . . . . . . .  39 

3 . 5 . 1  Crib House Description . . . . . . . . . . .  59 

4.1.1 Plant-Specific structural Fragilities 

4.1.2 Plant-Specific Functional Capacities 

4.1.3 Fragilities Based on Generic code Specifications . . 70 

4.2.1 

4.2.2 Cable Tray Qualification Tests . . . . . . . .  74 
4.2.3 Fragilities Derived from SAFEGUARD Program 

Test Data . . . . . . . . . . . . . . .  75 
4.2.3.1 Methodology A . . . . . . . . . .  77 

82 

x 

Fragilities Derived from Tests for Higher 

4.2.3.2 Methodology B . . . . . . . . . .  78 
4.3 Piping . . . . . . . . . . . . . . . . . .  
4.4 Expert Opinion Survey . . . . . . . . . . . . .  90 
4.5 Combination of Data . . . . . . . . . . . . . .  91 

V 

. 



Section 5: References . . . . . . . . . . . . . . . .  93 
Appendix A - Summary of Zion Safety-Related Components . . . . . .  97 
Appendix B - Reports from the U.S. Army Corps of Engineers SAFEGUARD 

Program used by the SSMRP in Fragility Development . . .  116 
125 

Appendix D - Analysis of Expert Opinion Data . . . . . . . . .  154 
Appendix F - Descriptions of Contributors to Final Zion 

Appendix C - Data Obtained From Expert Opinion Survey 
Appendix E - Equipment Fragility Data Base (UCF&-53038, Rev. 1) . . .  159 

Component Fragilities . . . . . . . . . . . .  267 

. . . . . .  

a 

vi 

I 



LIST OF FIGURES crs 1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 

a 8 . 
9 . 

10 . 
11 . 
1 2  . 
1 3  . 
1 4  . 
1 5  . 
1 6  . 
17 . 
18 . 
1 9  . 
2 0 . 
2 1  . 
22 . 

7 

2 3  . 
2 4 . 
2.5. 
26 . 
2 7 . 
28 . 
29 . 
3 0 . 
3 1  . 
32 . 
33 . 
3 4 . 
35 . 

Typical stress-deflection curve showing relationship 
toacceleration . . . . . . . . . . . . . . . . . .  25 

28 
Fragility curve with combined random and modeling uncertainty . . 28 

Definition of ductility ratio . . . . . . . . . . . . .  32 

Diesel generator room end walls . . . . . . . . . . . . .  35 
Failure of diesel generator room walls . . . . . . . . . .  39 
Section of reactor containment building . . . . . . . . . .  40 

Construction of upper and lower bounds on fragility curve 

Shear and bending loadings on walls . . . . . . . . . . .  29 

Relationship of ductility ratio and ductility factor . . . . . .  32 

. . . .  

Zion reactor building and internal structure . . . . . . . .  41 
E-W section of containment building . . . . . . . . . . .  42 

Flexural failure of reactor building containment wall . . . . .  46 
Shear failure of reactor building containment wall . . . . . .  46 
Section of containment wall buttress . . . . . . . . . . .  47 
Vertical shear failure at reactor building buttress plates . . .  48 
N-S Section of Containment Building . . . . . . . . . . .  49 
Collapse of reactor building pressurizer enclosure . . . . . .  51 

Shear stresses in containment building wall . . . . . . . . .  4 3  
Stress distributions in containment building wall . . . . . . .  45 

Plan and sections of pressurizer enclosure . . . . . . . . .  5 0  

Impact between reactor and auxiliary buildings . . . . . . . .  53 
Failure of auxiliary building shear walls due 
to N-S ground motion . . . . . . . . . . . . . . . .  56 
Collapse of masonry walls around control r o o m  . . . . . . . .  58 
Failure of auxiliary building shear walls due to 
E-W ground motion . . . . . . . . . . . . . . . . .  5 8  
Failure of auxiliary building roof diaphragm . . . . . . . .  59 
East-West section of the crib house . . . . . . . . . . . .  60 
Section at the pump suction area of the crib house . . . . . .  6 1  
Pump enclosure roof plan (el . 616 ft 6 in.) . . . . . . . . .  6 1  
Failure of crib house pump enclosure roof . . . . . . . . .  63 
Typical hard mounted spectrum for mechanical 
equipment.. horizontal spectrum . . . . . . . . . . . . .  76 
Observed failures . . . . . . . . . . . . . . . . .  81 
Risk function . . . . . . . . . . . . . . . . . . .  82  
Cumulative distribution function . . . . . . . . . . . .  8 2  
Fragility comparison for electrical and control equipment . . . .  83 
Master piping fragility curve . . . . . . . . . . . . .  9 0  

vii 



LIST OF TABLES 

L. Component items and categories for fragility development . . . . 6 
2. Summary of component fragilities . . . . . . . . . . . . 17 
3. Fragilities related to components . . . . . . . . . . . . 20 
4. Final Zion component fragilities . . . . . . . . . . . . 22 
5. Zion concrete compression test results . . . . . . . . . . 31 
6. Fragility description for vessels and heat exchangers . . . . . 72 
7. Summary of f factors . . . . . . . . . . . . . . . . 79 
8. Pipe fittings and load scale ( 3 )  factors . . . . . . . . . . 85 

n 

viii 
I 



FOREWORD 

r 

e 

The Seismic Safety Margins Research Program (SSMRP) is an NRC-funded, multiyear 
program conducted by Lawrence Livermore National Laboratory (LLNL). Its goal 
is to develop a complete, fully coupled analysis procedure (including methods 
and computer codes) for estimating the risk of an earthquake-caused radioactive 
release from a commerical nuclear power plant. The analysis procedure is based 
upon a state-of-the-art evaluation of the current seismic analysis and design 
process and explicitly includes the uncertainties inherent in such a process. 
The results will be used to improve seismic licensing requirements for nuclear 
power plants. 

The SSMRP was begun in 1978 when it became evident that an accurate seismic 
risk analysis must simultaneously consider all the interrelated factors that 
affect the final probability of radioactive release. In the traditional 
design procedure, by contrast, each factor is usually analyzed separately. 
These closely coupled factors are: 

0 The likelihood and magnitude of an earthquake. 
e The transfer of earthquake energy from a fault source to a power 

plant, a phenomenon that varies greatly with the magnitude o f  an 
earthquake. 

structural response, a phenomenon that depends on the soil composition 
under the plant and the location of the fault source relative to the 
plant. 

0 Coupled responses of a power plant's buildings and the massive reactor 
vessels, piping systems, and emergency safety systems within. 

o Numerous accident scenarios, which vary according to types o f  failures 
assumed and the success or failure of the engineered safety features 
intended to mitigate the consequences of an accident. 

e Interaction between the soil underlying the power plant and the 

A nuclear power plant is designed to ensure the survival of all buildings and 
emergency safety systems in a worst-case ("safe shutdown") earthquake. The 
assumptions underlying this design process are deterministic. In practice, 
however, these assumptions are clouded by considerable uncertainty. It is not 
possible, for example, to accurately predict the worst earthquake that will 
occur at a given site. Soil properties, mechanical properties of buildings, 
and damping in building and internal structures also vary significantly among 
plants. 

To model and analyze the coupled phenomena that contribute to the total risk 
of radioactive release, it is therefore necessary to consider all significant 
sources of uncertainty as well as all significant interactions. Total risk is 
then obtained by considering the entire spectrum of possible earthquakes and 
integrating their calculated consequences. In the SSMRP this approach to risk 
analysis is embodied in the seismic methodology chain, which comprise five 
steps: determining seismic input characteristics for a site, calculating the 
effects o f  soil-structure interaction, calculating major structure response, 
calculating subsystem response, and calculating probability of failure. 

The seismic input consists of the earthquake hazard in the vicinity of a 
nuclear power station, defined by an estimate of the seismic hazard function 
(i.e., the relationship between the probability of occurrence and a measure of 
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the size of an earthquake) and a description of the free-field motion. The 
soil-structure interaction link in the chain transforms the free-field ground 
motion into basemat or in-structure response, accounting for the interaction 
of the soil with the massive, stiff structures present at a nuclear power 
plant. Determination of the major structure response follows the soil- 
structure interaction step, where "major structure" commonly denotes a 
building, but may also include very large components. 
traditional seismic analysis and design process is predicting subsystem 
structural response. 
failure and subsequent risk of radioactive release. 

The final step in the 

An additional step in the SSMRP is the prediction of 

The goals of the SSMRP were to be achieved in two phases. In Phase I, the 
overall seismic risk assessment methodology was developed and assembled. The 
methodology is embodied in three computer codes: HAZARD, SMACS and SEISIM. 
In addition, extensive data bases on earthquake occurrence models and failure 
data for nuclear power components were assembled. A pressurized water reactor 
was selected for demonstration calculations, and fault trees were developed 
for its essential safety and auxiliary systems. The plant chosen was the Zion 
nuclear power plant, located on Lake Michigan just east of the town of Zion, 
Illinois, and about 40 miles north of Chicago. This plant was chosen on the 
basis of being reasonably typical (in terms of power, systems design and site 
conditions) of pressurized water reactors in the 1960's era. The limited 
demonstration calculations (and Phase I) were completed in February, 1981. 
The goals of Phase I1 of the SSMRP were to complete the seismic risk 
methodology development and perform a complete seismic risk assessment of the 
Zion plant. This risk assessment was not only to compute the frequency of 
core melt and radioactive release, but also to include an uncertainty analysis 
on the entire risk assessment process so that confidence bounds on the core 
melt frequencies could be determined. This report addresses the fragilities 
development done by the SSMRP, and includes the final results of the efforts 
of both phases of the Program. 

The NRC technical monitors have been J. J. Burns, followed by C. W. Burger, 
and presently D. J. Guzy. The authors wish to acknowledge the contributions 
of the members of the Fragility Panel, S. H. Bush, R. P. Kennedy, E. C. 
Rodabaugh, G. D. Shipway, J. D. Stevenson, J. M. Thomas, and P. P. Zemanick 
who have reviewed and monitored the Fragilities Development Project since its 
early stages. The contributions of data and helpful recommendations given by 
the many persons who participated in the expert opinion survey are also 
acknowledged. 
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EXECUTIVE SUMMARY 

Calculations of the seismic risk of the Zion nuclear power plant have recently 
been completed using the methodology developed by the Seismic Safety Margins 
Research Program (SSMRP). These calculations require a knowledge of the 
probability of failure (fragility) of all safety-related components in the 
reactor system which actively participate in the hypothesized accident 
scenarios. This report documents the fragilities used for the Zion risk 
analysis and the procedures used by the SSMRP in their development. 

i 

0 Component failure is defined as either loss of pressure boundary integrity or 
loss of operability. Failure (fragility) is characterized by a cumulative 
distribution function which describes the probability that failure has 
occurred, given a value of loading. In the context of the SSMRP, loading may 
be local spectral acceleration, local zero period acceleration or internal 
force resultant such as moment, depending on the component and failure mode 
under consideration. Contrary to previous work, fragility is related to the 
appropriate local response, rather than being related directly to free-field 
peak acceleration. 

As a first step in the determination of fragilities, all components identified 
in the reactor fault tree analyses were grouped into 37 categories, and 
fragility functions were determined for each category. For example, all motor- 
operated valves located on piping with diameters between 2-1/2 and 8 inches 
were placed into a single category, and similarly all motor control centers 
were placed into another category. All piping, tees, elbows, butt welds, and 
reducer sections were placed into one category, and scaling factors (dependent 
on size, material, and temperature) were utilized to relate the individual 
piping components to a single master fragility curve. 

Fragility functions for the 37 categories were developed based on a 
combination of design analysis reports, experimental data, .and an extensive 
expert opinion survey. In this survey, questionnaires were sent to over 250 
recognized specialists in the nuclear industry (representing nuclear power 
system vendors, utilities, testing laboratories, nuclear component 
manufacturers, architect-engineers, and consultants) which resulted in 147 
detailed responses covering (to varying degrees) virtually all the 37  
categories. The responses to the questionnaires identified various failure 
modes as well as the failure percentiles as a function of loading. 

The experimental data utilized in developing fragility curves were obtained 
from the results of component manufacturers qualification tests, independent 
testing lab failure data and data obtained from the U.S. Corps of Engineers 
SAFEGUARDS Subsystem Hardness Assurance Program. These data were critically 
examined for applicability and then statistically combined with the expert 
opinion survey data to produce the final fragility curves for the 37 component 
categories. 
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HANDBOOK OF NUCLEAR POWER PLANT SEISMIC FRAGILITIES 
DEVELOPED FOR THE SEISMIC SAFETY MARGINS RESEARCH PROGRAM 

SECTION 1: INTRODUCTION 

The Seismic Safety Margins Research Program (SSMRP) is a U.S. NRC-funded 
multiyear program conducted by Lawrence Livermore National Laboratory (LLNL) . 
Its goal is to develop a complete fully coupled analysis procedure (including 
methods and computer codes) for estimating the risk of an earthquake-induced 
radioactive release from a commercial nuclear power plant. As part of this 
program, calculations of the seismic risk from a typical commercial nuclear 
reactor were made.’ 
probability of failure (fragility) of safety-related components in the reactor 
system which actively participate in the hypothesized accident scenarios. 
This report describes the development of the required fragility relations and 
the data sources and data reduction techniques upon which they are based. 

4 

These calculations require a knowledge of the 

Failure of components is defined as either loss of functional operability or 
loss of pressure boundary integrity, as appropriate. Structures are 
considered to fail functionally when inelastic deformations under seismic load 
are sufficient to interfere with the operability of safety-related equipment 
attached to the structure. Failure (fragility) is characterized by a 
cumulative distribution function which describes the probability that failure 
has occurred, given a value of loading. In the context of the SSMRP, the 
loading may be spectral acceleration, zero period acceleration or internal 
force resultant (such as moment or shear), depending on the component and 
failure mode under consideration. 

This report is organized as follows. Section 2 presents an overview of the 
fragilities development and includes a summary of component fragilities. 
Section 3 describes the critical structures and the development of fragility ’ 

relations for them. Section 4 describes the data sources from which the 
component fragilities were constructed, and the types of data available from 
each source. In addition, the statistical data reduction techniques used to 
reduce and combine the data from the various sources and the weighting scheme 
used to rank the data are described. Section 5 lists the references cited in 
the report. Finally, several appendices are included to document the various 
contributors to the data used in component fragilities development. 
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SECTION 2 :  OVERVIEW OF THE FRAGILITIES DEVELOPMENT 

Fragility relations are required for both the buildings and the piping and 
components. Building and major component fragilities are necessarily specific 
to the plant being analyzed. For the Zion Unit 1 reactor being studied in the 
SSMRP, fragilities were developed for the reactor containment, turbine, 
auxiliary, fuel handling and crib house buildings. Development of these 
fragilities is described in Sec. 3 .  

The components for which fragility curves must be developed are determined by 
the depth of detail in the event and fault tree analyses of the reactor system 
under consideration. 
devised to cover all the hypothesized reactor transients and potential modes 
of release of radioactivity. Taken together, these event and fault trees 
require the determination of the probability of failure (due to seismic 
loading) of over 2300 basic events. ( A  basic event could be failure o f  a 
certain valve, for example.) Since it was clearly not feasible to generate 
fragility curves for thousands of specific components, the first step in the 
development of the fragility data base was to group all the components 
identified on the event and fault trees into categories. For example, all 
motor-operated valves with piping diameters between 2-1/2 and 8 inches were 
placed in a single category, and similarly all electrical motor control 
centers were placed in another category. Then a single fragility curve was 
derived for each category. A detailed review of the components showed that a 
set of 37  different categories would suffice to cover all the required 
fragilities. These categories were selected on the basis of equipment 
functions governing design criteria, method of seismic qualification, and 
response characteristics. These criteria and other pertinent information for 
the components that were reviewed are presented in Appendix A. The 37  
categories are shown in Table 1, and are described in Sec. 2.2. 

For Zion, 7 event trees and 11 fault trees2 have been 

2.1 Data Sources for Components 

Actual experimental data on failure of components as a function of local base 
acceleration are scarce. The type of data most commonly available results 
from qualification tests in which the component is experimentally shown to 
function as designed for a prescribed acceleration spectrum input. While such 
data do provide a lower limit to the fragility level, it is difficult to 
extrapolate from these data to higher response levels. One notable exception 
to the lack of actual fragility data was the data obtained in the U.S. Army 
Corps of Engineers SAFEGUARD program. This 11-year program, conducted as part 
of a missile-site hardening effort, included tests of both mechanical and 
electrical components. The items tested were off-the-shelf and were typical 
of components used in commercial reactors in the late 1960s, and some of the 
results are thus directly applicable to the Zion power plant. Sixty-four test 
programs involving shaker table tests of approximately 3 0 0  items were 
conducted. Excitation consisted of sine beat pulse tests, selected to fit a 
prescribed acceleration spectrum. 
test. Thus these were truly tests of fragility with respect to both 
functional and structural failure. Typically, components were tested to over 
15 g peak acceleration. 
SAFEGUARD program, 6 3  were found to be directly applicable to components 
needed in the SSMRP. In particular, these data were the only data available 

Equipment function was monitored during the 

Out of the nearly 300 reports generated in the 
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Table 1. Component items and categories for fragility development. 

Site Specific Components 

. Reactor core assembly . Steam generator . Reactor pressure vessel . Reactor coolant pump . Pressurizer 

Component Categories 

Mechanical 

. Large horizontal vessel . Small to medium vessels and heat 

. Piping . Large vertical storage vessels 

. Large vertical flat bottom 

. Miscellaneous small valves 

exchangers 

with formed heads 

storage tank 

Large vertical centrifugal pumps with 
motor drive 
Motor-driven pumps and compressors 
Large motor-operated valves 
Small motor-operated valves 
Large hydraulic- and air-actuated 
valves 
Large relief, manual, and check 
valves 

Electrical 

. Horizontal motors . Auxiliary relay cabinets . Invertors 

. Generators . Local instruments . Cable trays 

. Battery racks . Motor control centers . Circuit breakers 

. Switchgear . Communications equipment . Relays . Dry transformers . Light fixtures . Ceramic insulators . Control panels and 
racks 

Miscellaneous 

n 

c 

e. 

. Air handling units 

. Instrument racks and 
panels 

. Duct work . Hydraulic snubbers and pipe 
supports 

0 

for electrical components, and thus all our electrical component fragilities 
are derived from this source. The reports utilized for fragilities 
development are listed in Appendix B. '0 

A second source of information was the design analyses performed by 
Westinghouse and various component manufacturers for components used in the 
Zion plant. In these analyses, the component was assumed to be excited by a 
base acceleration corresponding to a prescribed design spectrum. 
analytical solution for the stresses or loads in the component was obtained. 
From these analytical solutions we obtained the acceleration at failure by 

Then an 
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extrapolating the stresses to our estimate of the ultimate stress capacity 
using a procedure due to Ne~mark.~ In this procedure, the acceleration at 
failure is determined from the relation u 
where 

A = design peak acceleration 
D 

FS = factor accounting for ultimate load capacity 

F = factor accounting for the inelastic energy absorption 

FR = factor accounting for conservatisms in the method of analysis from 
s IJ 

which the acceleration and stress resultants were obtained. 

The factor accounting for the ultimate load capacity is computed from 

0 U - lim - dead 
U 

I 

seismic FS - 

where ade@ is the static load due to weight, pressure, thermal, etc., 
‘seismic 
is the effective yield stress and depends on the equipment and mode of 
failure. 
stress, but for more brittle failure it is the ultimate stress or the average 
of yield and ultimate. 
failure acceleration, assuming all loads (or stresses) are calculated by a 
linear elastic analysis, since the peak load (or stress) is proportional to 
peak acceleration. 

1s the peak load induced by the seismic excitation, and ulim 

Typically for ductile failure slim is the code allowable yield 

Thus FS scales the design acceleration to the 

Before failure occurs, however, a significant amount of inelastic deformation 
(and hence energy absorption) takes place. In this inelastic response range, 
the stress increases much more slowly than the peak acceleration. Hence, the 
actual acceleration at failure is much higher than khat predicted by the 
product ADFs alone. 
for by the ductility factor F,,. This ductility factor was introduced by 
Newmarkl and is a function of both the ductility of the component and the 
component damping. The ductility p is usually estimated on the basis of 
engineering judgment and a knowledge of component construction details. 

This additional acceleration capacity is accounted 

The statistical distribution of the acceleration at failure (the fragility 
relation) is obtained by assuming that the factors FS and F,, are 
lognormally distributed random variables. This choice of distributional form 
has been found to be appropriate in several’ studies5-’ and also results in 
considerable computational convenience. 
values of FS and F,,, and if B S  and 8, denote the standard deviations of the 
natural logarithms of the variables Fs and F,,, then by the multiplicative 
property of lognormal random variables, the median and log-standard-deviation 
of the acceleration at failure are given by, respectively, 

If & and M,, denote the median 

M = A  M M 
A D S p  
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These two parameters completely define the distribution of acceleration at 
failure. Values of the uncertainty in the factors FS and Fp are 
estimated from data, analysis, or engineering judgment, depending on the 
component. While this method of estimating fragility of components is not 
based directly on failure tests, it does allow an estimate of failure 
incorporating experimental determination of ultimate strength, weld and 
connector ductilities, etc., and the choice of the uncertainty factors B S  
and 6, may be made so as to reflect our confidence (or lack thereof) in 
the analysis. This measure of confidence can then be propagated through the 
entire SSMRP calculational scheme, and its effect on the final prediction of 
radioactive release probability can be determined. 

The final source of information on fragility of components was an expert 
opinion survey performed in the spring of 1980. In this survey, a carefully 
worded questionnaire was mailed to several hundred well-known specialists in 
the nuclear industry. These irldividuals were selected from the Nuclear Steam 
Supply System (NSSS) vendors, architect/engineering firms, consultants to the 
nuclear industry, and from the ranks of colleges and universities. In each 
case, the individual was asked to respond only for those components for which 
he felt a high degree of expertise. For each component, the respondent was 
asked to provide: 

0 The three lowest (weakest) failure modes. 
0 The appropriate response quantity for each mode (e.g., peak 

acceleration, spectral acceleration at some frequency, and damping or 
force resultant, etc.). 

0 The response values at 10, 50, and 90% probability of failure. 
0 The primary source of his information (i.e., experience, test data, 

etc.). 
The expert opinion responses covered virtually every category of component 
needed for Phase I of the SSMRP, with 147 detailed responses being returned. 
Comparison of responses from different experts for the same component showed, 
in general, surprisingly good agreement. Inasmuch as the expert opinion 
responses were provided for different failure modes and three probability 
levels, it was necessary to develop a method of statistically combining them 
into a single fragility relation. 

The procedure adopted was based on a combined least squares and nested 
analysis of variance approach. 
and the approach is described in detail by George.8 
failure mode (for each component) is treated as independent, and a single 
fragility curve is developed for each mode based on the responses of all 
experts who identified that particular failure mode. The statistical model 
used was 

The equations used are developed in Appendix B 
In this approach, each 

Aijq = + Tj + Eijq 
where i refers to the ith expert, q denotes the fractile level (10, 50, or 
go%),  and j denotes the group number. Based on our subjective evaluation of 
the expert opinion responses, we combined different experts' responses into a 
common group if we had reason to believe that these experts were all referring 
to the same type of component within the broad category bein considered. Thus 
in Eq. ( 2 ) ,  
provided by the 1 
qth percentile (%),-and Eijs is the variation in the estimate of the qth 

the estimate of the fragility for the qt' percentile 
expert in the jth group; Tj is the deviation of the 
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n 
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percentile by the ith expert in the jth group. 
of variance procedure then allowed us to identify the total variance u 2  from 

The use of the nested analysis 

where 

g 2  = inherent uncertainty in each individual expert's fragility 

fi$ = uncertainty resulting from the different groups of components 

A 2  u E  = uncertainty between experts whose data were combined in the 

estimate, 

within the category, 

same group. 

By this procedure, we can identify whether or not the categories selected (as 
shown in Table 1) are too broad, for if 04 is the major contributor to 
the total variance, then this is an indication that the category should be 
further subdivided into two or more separate categories. 

In the analysis of Eq. (2), a weighted least squares approach was used in 

factor for presumed expertise of the specialist providing the opinion and a 
factor for source of his opinion. In assigning weights, a differentiation 
between pressure boundary failure and functional failure was made to reflect a 
lesser degree of confidence in analytical methods for predicting functional 
failure. 

estimating u 2 . The weights were assigned as a product of two factors: a 

It is at this point that data from the other sources (the SAFEGUARD fragility 
data and the component design analyses previously described) were incorporated. 
These additional data were treated as independent expert opinions, with weight 
factors assigned based on our subjective evaluation of the quality of the data. 

The final step in the development of a single fragility curve for a given 
category was to combine the fragility estimates [obtained from Eq. (2)] for 
each independent failure mode. This combination of modes was performed using 
the relation 

n 

F(r) = 1 -n[, - F.(r)] , 
1 

r 

4 

where F ( r )  is the single combined mode fragility curve and Fi(r) are the 
fragility curves derived for the n failure modes identified for the category. 
This is the statistical union of failure modes and, in effect, produces an 
effective fragility curve which is nearly a lower bound. 

2.2 Description of Categories 

A l l  components are considered to include their supports to the point of 
interface with the building structure. 
such as motor-operated valves, pneumatic- and hydraulic-operated valves and 

Electro- or active-mechanical devices 
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motor-, turbine-, and diesel-driven pumps include the complete assemblies 
normally furnished by the component suppliers. Thus, valve operators, 
pumpmotors and ancillary equipment for cooling and lubrication are included as 
part of the component category. External control systems, power supplies and 
connecting electrical cables are not included as part of the component and are 
considered in separate categories. The categories are described below, based 
on Ref. 9. 

c Reactor Core Assembly. 
structure, and control rod assemblies, and spacer grids. 
spacers or deformation of control rod assemblies might prevent re-insertion of 
control rods following scram. + 

This category includes the fuel rods, core support 
Crushing of grid 

Reactor Coolant System Vessels. These categories include the reactor pressure 
vessel, steam generators, and the pressurizer. The vessels are of heavy wall 
construction to contain the high pressure in the primary system. A failure of 
one of the nozzle-to-pipe weld joints could occur in the presence of a large 
flaw in the weld joint and would result in a LOCA. Another failure mode 
during an extreme seismic event would be failure of the vessel supports. 
Steam generator support failure could be especially significant because gross 
failure of the steam generator supports could cause a LOCA in both the primary 
and secondary system. 

Note that steam generator tube failure is not considered a failure mode since 
no external loss of coolant results and only partial loss of function could 
result. 

Reactor Coolant Pumps. 
applications in major earthquakes. 
equipment for lubricating and cooling bearings and seals. 
complexity, failure of ancillary equipment is a likely failure mode. Failure 
of pump supports is the most important failure mode since it leads to loss of 
pressure boundary integrity. 

Pumps are rugged and have performed well in nonnuclear 
The main coolant pumps have ancillary 

Due to its 

Pipine. 
butt welds, reducer sections, etc. 
considered. 
and scale factors (dependent on size, material, and temperature) are used to 
relate the different pipe elements to the master fragility curve. 

This category includes piping of all sizes, as well as elbows, tees, 
Both stainless steel and carbon steel are 

A single master fragility curve was developed for this category, 

Large Vertical Storage Vessels with Formed Heads. 
accumulator tanks and the volume control tanks. 

This category includes the 
These vessels are typically 

low pressure, thin wall construction supported by skirts. 

Temperatures are usually quite low and loading on the tank supports and 
nozzles is predominantly from seismic events. 
structure interaction, including the effects of the thin wall flexibility, are 
very important in determining the dynamic response. 
are usually tank support failure either due to buckling or anchor bolt 
failure. 
pressure boundary at tank nozzles or at the support to tank interface. 

They may have 
nonintegrally reinforced nozzles or nonreinforced fabricated nozzles. 

4 

Fluid sloshing and fluid- 

'b' Critical failure modes 

Such failure could result in sufficient tank movement to fail the 

Large Vertical Flat Bottom Storage Tanks. 
tanks are used for holding unpressurized fluids, and include the borated water 

These large flat-bottomed storage 
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storage tanks, and condensate storage tanks. They are typically anchored to 
the foundation. Fluid sloshing effects are of prime importance in this 
category also. The most predominant failure mode in such tanks is failure of 
the anchor bolts, allowing uplift of the tank. The uplift would then result 
in buckling of the tank wall on the compression side and possible rupture of 
the wall-to-bottom joint on the tensile side. 

Large Horizontal Vessels and Heat Exchangers. 
storage tanks, heat exchangers such as the residual heat exchangers, component 
cooling water heat exchangers, the pressurizer relief tank, and often diesel 
oil storage tanks. 
low pressure, thin wall cylindrical tanks mounted with the cylinder axis in 
the horizontal position. 
mounted to the floor. 
weight and seismic acceleration results in a different dynamic response and a 
different design problem than for large, thin wall, vertical tanks. The 
effect of fluid sloshing is quite different for horizontal tanks than for 
vertical tanks. 

This category includes large 

The designs are characterized by large volume, relatively 

These tanks are usually supported by two saddles 
The relationship between asymmetric loading from dead 

These vessels are similar in construction to vertical vessels except for the 
tank support design. The failure modes are the same as for vertical tanks 
with formed heads. However, the mechanism of a support failure can be quite 
different. The critical stresses due to a seismic event are usually at the 
support to tank interface. The failure mode depends much on the details of 
'the interface and could be cracking of the tank wall due to excessive local 
deformation or could be failure at a nozzle which is induced by tank movement 
due to support bolt failure. 

Small to Medium Vessel and Heat Exchangers. 
medium-sized vessels and heat exhangers in the reactor system, for example, 
the boron injection tank. 
spherical vessels are occasionally used. 
horizontally or vertically. 
directly to the pressure boundary and bolted to the floor of a building. The 
least ductile, and hence, most likely points for failure are in the supports 
at either the support/tank interface or support/building interface. The next 
most likely failure point is at a nonintegral reinforced or nonreinforced 
nozzle followed by the butt weld joint at a nozzle to the connecting piping. 

There are numerous small- and 

They are typically cylindrical in shape, although 
Cylindrical vessels may be mounted 

Supports are typically legs or saddles welded 

4 

i- 

d. 

Large Vertical Centrifugal Pumps with Motor Drives. These types of pumps are 
found in the crib house and are used as service water pumps and fire pumps, 
and in some plants, are used as the condenser coolant pumps located in the 
intake structure. They typically are supported at a flange at the motor-pump 
interface and have lengths several times the pump diameter such that they 
respond to seismic excitation as a flexible cantilever beam. Rupture of 
support strut connections is a likely failure mode, and since they are quite 
flexible, vibration-induced distortion could ultimately result in bearing 
failure and seizure. 

Motor-Driven Pumps and Compressors. 
compressors include the auxiliary feedwater system pumps, residual heat 
removal pumps, safety injection pumps, centrifugal charging pumps, containment 
spray and recirculation pumps, and lube oil pumps for the diesels. These 
pumps are generally mounted separately from their drive motors and the pump 

These medium to small pumps and 
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and drive motors are skid mounted or mounted directly to the floor. 
motors are generally in line with the pump shaft. The size of these pumps is 
generally much less than the large vertical pumps described above. 

Drive 

These pump-motor combinations are usually horizontal floor mounted, compact, 
and quite rigid assemblies.; Cohsequently, vibration-induced distortion is not 
expected to be a principal failure mode. The likely failure mode would be 
support failure due to a combination of inertia loading and pipe reaction 
loading. Support failure or partial failure could then cause misalignment 
between the pump and motor drive. A less likely failure mode would be a 
structural failure of a pump nozzle/pipe interface. 

Large Motor-Operated Valves. 
the plant piping systems for isolation and flow control, and they appear on 

These remotely actuated valves are used on all 

the fault trees for all safety systems. They are characterized by a rugged 
body with an extended yoke structure that supports a motor-gearbox operator 
assembly. 
acceleration and displacement such that the motor operator and its connecting 
electrical leads can experience quite high seismic excitation. The principal 
mode of failure would be binding due to permanent deformation of the yoke- 
neck-stem assemblies, resulting in full or partial failure to actuate. 
next most likely failure mode would be an electrical failure of the operator 
assembly. 
pipe-to-valve nozzle joint. 

The valves are line mounted and can undergo significant seismic 

The 

A third and much less likely failure mode would be fracture of the 

Large Relief and Check Valves. 
assemblies that should not be as susceptible t o  seismic loading a6 the 
extended motor operator type valve. Binding of check or relief valve 
mechanical parts could occur during a severe seismic event but, due to the 
compactness of the designs, the mechanical parts are relatively immune to 
seismic damage. 
o f  the power actuator if it is present. 
with severe seismic excitation could cause a breakdown in electrical 
continuity. Pipe-to-valve nozzle joint fracture is a lower probability 
failure mode and would only occur in the presence of large undetected flaws. 

These types of valves are compact, rugged 

Another possible failure mode would be an electrical failure 
Degradation of4insulation coupled 

Large Hydraulic- and Air-Actuated Valves. 
steam isolation valves and the power-operated relief valve on the pressurizer, 

This category includes ther main- 

both of which play prominent roles on the event/fault trees. 
valves do not have the massive extended operators found in the large motor- 
operated valves, and are thus less susceptible to seismic damage. Modes of 
failure include failure of electrical signal, binding of stem or actuator or 
failure of air or hydraulic lines. 

These large 

3 

"5 
Small Motor-Operated Valves. These are similar to large motor-operated valves 
but are for piping of less than 8-in. diam. 
extended yoke structure that supports a motor-gearbox operator assembly. 
Because they are line mounted, they are subjected to piping accelerations. 
The principal mode of failure would be binding due to permanent deformation of 
the yoke-neck-stem assembly. Electrical failure of the operator is also a 
possibility . 

They have a rugged body with an 

b 

Miscellaneous Small Valves. This small valve category includes all types of 
small valves, (manual, air, or hydraulic) except for small motor operated 
valves. Although some of the larger testing laboratories have the capability 
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to test complete valve assemblies that are much larger, it is common to test 
only the smaller valve assemblies and test only the electrical operators on 
the larger valves, the valve itself being qualified for seismic service by 
analysis. 

Since these valves are compact and rugged, the potential failure modes are 
failure of the actuators or the air/hydraulic lines. 

Horizontal Motors. 
motors used for cooling fans and equipment drives and motor-generator sets. 
They are characterized as rigid, compact rotating electrical machinery. 
most likely failure mode during a severe seismic event would be distortion in 
the motor casing or shaft to the extent that resulting vibration from 
misalignment would ultimately damage the bearings or windings. 
failure mode is considered to be the motor supports at the motor/structure 
interface. 
driven component and severe vibration and bearing damage. A third mode of 
failure would be bearing failure and immediate seizure. Immediate bearing 
seizure is a much less probable event, though, than slower bearing 
deterioration caused by distortion and misalignment. 

This category includes the large-capacity electric-drive 

The 
I 

A secondary 

Support damage or failure would result in misalignment with the 

Generators. 
emergency ac power (4160 V) following loss of off-site power. A s  such, they 
play a prominent role in the event and fault trees for the electrical power 
sys tem . 

These are the large diesel-powered generators used to provide 

Diesel generator units are complex systems having many potential failure 
modes. 
not considered to be very susceptible to seismic damage. 
failure mode in the event of a severe earthquake would be failure of some of 
the ancillary equipment necessary for the diesel generator to operate. Items 
such as air supply, fuel and oil lines, filter brackets, local controls, and 
instrumentation would be the predominant candidates for failure. 

The diesel engines and alternators are of rugged construction and are 
The most probable 

Batteries and Battery Racks. 
are kept charged by a static charger system. The batteries themselves are 
mounted on large metal racks. 
that in themselves are quite rugged. 
subjected to severe shock loading. 
would be the battens or the rack-to-building interface. 
or shifting could sever the electrical connections. 

These batteries provide emergency dc power and 

The batteries and chargers are compact units 
Batteries have proven very reliable when 

The most likely initial failure point 
The resulting uplift 

4- 

i 

Switchgear. 
and passive electrical devices housed in a structural assembly. 
transformers, relays, breakers, capacitors, buses, etc. Most of the 
components are compact rigid elements with most of the flexibility being in 
the supporting structural elements. 
qualified for seismic service by test, while the support structure is often 
qualified by analysis. Some of the electrical devices, such as transformers, 
may be qualified by analysis only, especially if they are large and testing is 
impractical . 

Switchgear are complex electrical systems consisting of active 
Included are 

The functional electrical devices are 

'1 
llJ A s  in any complex subsystem that consists of a number of components of 

differing response and fragility characteristics, there will be a weak link or 
links depending upon the combination of response and fragility factors for 
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each of the subsystem elements. 
complex subsystems by functions. Hence, the choice of the generic 
classification for switchgear. 

The probability model must necessarily group 

The switchgear of main concern is that associated with the emergency ac power 
supply (4160 V and 480 V) and not that for distribution of off-site power. 
These units tend to be smaller than the main power plan switchgear units. 

b 
Switchgear that handles emergency ac power are complex electrical assemblies 
that possess many failure modes. 
structural cabinets bolted to the building floor or welded to steel channels 

for active electrical components of the switchgear, i.e., relays and breakers. 
The second mode of failure is considered to be equipment supports, either at 
the switchgear to building interface or the switchgear transformer supports. 

The electrical components are housed in 

embedded in the floor. The most likely failure mode is a failure to function T 

Dry Transformers. 
auxiliary transformers and the 480/120 V transformers to the instrument buses 
on the electric power fault tree. These transformers are compact and rugged. 
Structural/mounting failures are the failure modes of interest. 

The transformers of main interest are the 4160/480 V 

Control and Instrument Panels and Racks. These categories of electrical 
instrumentation and control equipment are characterized as lightweight 
electrical equipment mounted in panels and racks. 
individual items within a rack or panel, the most likely failure mode would be 
failure to function of an electrical control device or instrument. 
failure mode would be a structural failure of the supporting rack or panel 
itself. The failure could be at the holddown bolts at the interface of the 
rack and building structure or could be local failure in which a critical 
instrument or control device would not be properly supported. 
mode could be the electrical leads at the interface point with the racks. 

Due to the large number of 

A second 

A third failure 

Auxiliary Relay Cabinets. 
category inasmuch as they occur specifically on the fault trees. 
cabinets housing electrical relay and switching gear, including some 
transformers, and their lowest failure modes are functional. Structural 
failure of the cabinet or supports is another potential failure mode. 

Auxiliary relay cabinets were given a separate 
They are 

Local Instruments. 
This category is intended to cover process instrumentation (especially 
pressure and temperature) from sensor, through wiring to gage or dial 
indicator. The most likely seismic failure mode would be loosening of 
fasteners. Another potential failure mode is seismic excitation of the pickup 

earthquake spectra. 

A specific category was assigned to local instruments. 

leads, which is anticipated to occur at frequencies characteristic of typical 3 

Motor Control Centers. Like the auxiliary relay cabinets, motor control 
centers occur specifically and frequently on the fault trees, as potential 
failure paths for all the emergency safety system pumps and valves. 
included as a separate category so that more refined fragilities may be used 
in future work should this be required. 
similar to those of auxiliary relay cabine’ts. 

They are 

Failure modes are expected to be 

Light Fixtures. This category includes the emergency lighting provided in the c 
event of failure of normal lighting systems. 
is considered a likely failure mode. 

Structural or component breakage 
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Communication Equipment. For the fault trees developed, this category is 
primarily used for annunciators. Failure would most likely occur due to 
dislodging of components due to seismic excitation. 

Inverters. Inverters are passive electrical devices that convert dc power to 
125 V ac. They are fairly rugged units and not particularly sensitive to 
seismic loading. However, with sufficient excitation, electrical component 
malfunction could occur. Structural failure of internal supports and failure 
of external supports at the inverter-building interface are also possible 
failure modes. 

Cable Trays. Cable trays are used throughout the plant to support electrical 
power and instrumentation and control wiring. 
failure of the cable trays was taken to be equivalent to failure of the wires 
themselves, although this is certainly a conservative assessment. 

For purposes of the SSMRP, 

Cable trays are usually supported for seismic loading by means of struts and 
threaded rods. The first mode of failure is considered to be a structural 
failure of a tray support at a threaded connection (typically threaded rods 
are used as supports). At Zion however, all safety-related systems were 
designed with bracing to resist seismic loading. Therefore, the most likely 
mode of failure for Zion safety-related trays would be in the miscellaneous 
steel (unistruts) which serves as an interface between the building structure 
and the cable tray supports. A second mode of failure is considered to be 
cable damage at termination points due to excessive motion of the cable trays 
relative to electrical equipment or junction boxes. 

Circuit Breakers. 
system in a wide range of sizes and capacities. 
breakers is possible under seismic accelerations. 
breakers are included in this category. 

Circuit breakers occur throughout the plant electrical 

All sizes and types of 
Inadvertent opening of these 

Relays. Like circuit breakers, relays occur in virtually every electrical 
control cabinet in the plant. Relay chatter during seismic excitation is a 
common occurrence. All sizes and types of relays are included in this 
ca teyory . 
Ceramic Insulators. 
used in many applications at the point where off-site power is brought to the 
switchyard. 
during an earthquake . 

This category covers the ceramic insulators which are 

Their failure is the probable cause of loss of off-site power 

'4 
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Air Handling units. 
fans. 
blades on the fan housing or rubbing of the motor rotor on the motor housing. 

This category covers the containment fan cooler system 
Functional failure of these fans can occur due to rubbing of the fan 

--- Ductwork. Ducting for critical cooling air, exhaust, etc., is considered to 
possess much lower susceptibility to seismic 'damage than other more massive 
passive structural elements. 
from a seismic event is consequently small. 
ducting supports and the equipment with which the ducting interfaces could 
cause joint leakage. 
thin wall ducts or pulling apart of the joints. 
postulated is local support failure due to excessive motion of the building 
stucture. 
This would require considerable motion of the ducting system. 

Ducting is light in weight and inertial loading 
Relative motion between the 

Such leakage might be introduced due to buckling of the 
The second failure mode to be 

A third failure mode would be total severance of a ducting joint. 
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Hydraulic Snubbers and Pipe Supports. 
considered: 
vertical seismic response and lateral supports, either rigid or snubbers, 
which carry seismic load only. 
welded connection. 

Two types of seismic supports are 
rigid-rod-type supports that carry deadweight of the piping plus 

Failure would be most likely to occur at a 

2.3 Summary of Component Fragilities 

For Phase I demonstration computations, fragility descriptions consisted of 
the lognormal parameters of median (m) and beta ( 6 )  , where B was a single 
value representing all variability, i.e., including contribution from both 

to variability from randomness and uncertainty had to be separated. For most 
categories of equipment, more than one set of fragilities was available 
representing different failure modes and/or different sources of data. In 
some cases, the choice of which to use was obvious, but in others the data 
were combined to result in one set of values to be used for a category. The 
fragilities with single-valued betas and associated information are collected 
in Table 2. Table 3 relates the fragilities to the component with which they 
were used in SEISIM calculations. 

D 

randomness and uncertainty. For the final Zion computations the contributions 3 

2.3.1 Separation of Uncertainty 

In order to construct confidence intervals of release probabilities, component 
fragilities with separate values of variability of randomness and modeling 
uncertainty ( B ~  and BU) are needed. 
fragilities based either on SAFEGUARD test data or design reports (i.e., from 
NUFtEG/CR-2405 - hereafter called Type A data). 
data which were used to develop fragilities were not separated, and there was 
insufficient information from the expert opinion survey to make such a 
separation. 
together to yield one resulting fragility with only the total Beta known 
(i.e., BT) which is the combination of random and modeling uncertainty. 

This separation had been estimated for the 

However, the expert Opinion 

In many cases Type A data and expert opinion data were folded 

In order to provide the required separation of variability, we essentially 
applied the same separation as was determined for the various categories of 
equipment NUREG/CR-2405, but modified the values to accommodate the additional 
uncertainty introduced by the expert opinion data. 

The following procedure was used for each category of components 

- - 
TEO Given : Total variability from expert opinion or a 

combination of expert opinion and Type A data. 

Total variability from Type A data. 

Variability due to randomness only from Type A data. 

Variability due to uncertainty only from Type A data. 

Total, random, and mode.ling uncertainty values 

to be used for result. 
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Table 2. summary of component fragilities. 1 

Category 

Damping I 
Fragility Load Frequency % of I Key for 

Table 3 Failure; modea Median Beta parameter (Hz) cr it ical 

Reactor cor e assembly 

Reactor pressure vessel 

Pressurizer 

Steam generator 

Reactor coolant pump 

Piping (master fragility) 

Large vertical vessels 
with formed heads 

Large vertical tanks 
with flat bottom 

Large horizontal vessels 

Small to medium vessels and heat 
exchangers 

Large vertical centrifugal pumps 
with motor drive 

Motor-driven pumps and compressors 

2.06 0.40 

3.83 0.45 

2.00 0.40 

2.45 0.44 

2.64 0.44 

2.44 x lo6 0.38 

1.46 0.40 

2.01 0.38 

3.91 0.61 

1.84 0.51 

2.21 0.39 

3.19 0.34 

Spectral 
acceleration g 

Spec tr a1 
acceleration g 

spectral 
acceleration g 

spectral 
acceleration g 

spec tr a1 
acceleration g 

Moment 
in.-lb 

ZPA g 

ZPA g 

Spec t r a1 
acceleration g 

Spec tr a1 
acceleration g 

Spec t r a1 
acceleration g 

Spectral 
acceleration g 

5-15 

5 

20 

5 

5 

-- 

Rigid 

Rigid 

12-20 

20 

5 

7 

5 

5 

5 

5 

5 

-- 

-- 

5 

5 

5 

5 

i Deformation ,<of guide 
I 

Fracture of RPV outlet 
nozzle 

Failure of support 
skirt bolting 

Support failure 

Support faiUure 
i 

Plastic co1l;apse 
I 

Failure of anchor 1 bolts 

A 

A 

A 

B 

R 

C 

D 

A 

A 

E 

F 

A 
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I Table 2. (Continued 1 

Piping 
acceleration 

Category 

peak 
g 

i Damping 
Load Frequency % of Key for 

Beta parameter I (Hz 1 critical Failure modea Table 3 
Fraqili ty 

I 
Median 

Piping 

ZPA g 

Large motor-operated valves 

peak 

Small motor-operated valves 

ZPA g 

1 
Large hydraulic and 
air actuated valves 

Large relief, manual, and 
check valves 

Miscellaneous small valves 
i 

Horizontal motors 

Generators 

Battery racks 

Switchgear 

Dry transformers 

Control panels and racks 

Auxiliary relay cabinets 

Local instruments 

4.83 

9.84 

7.61 

8.90 

12.50 

12.10 

0.65 

2.29 

2.33 

2.78 

11.50 

7.63 

7.68 

0.65 

0.65 

0.46 

0.40 

0.54 

0.41 

0.40 

0.50 

0.81 

0.41 

0.88 

0.82 

0.40 

Rig id 

Rigid 

Rigid 

Rigid 

Rig id 

Rigid 

2 2  

Rigid 

5-10 

10 

5-10 

5-10 

5-3 5 

Distortion of extended 
operator 

Distortion of extended 
opera tor 

Loss of control air 

Internal damage 

Internal damage 

Binding of rotating parts 

Shutdown valve trip 

Failure of battens 

Spurious operation of a 
protective relay 

Failure of anchor bolts 

Dislodging or 
of components 

malfunction 

Breaker trip 

Loosening of fasteners 

G 

A 

A 

A 

A 

H 

I 

J 

K 

L 

A 

A 

M 
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I I 

Dislodging of 

I Table 2. (Continued) 

I 

components 

Category 

Breaker trip 

Damping 
Key for 

I Table 3 Failure modea 
Fragility Load Frequency % of 

I Median Beta parameter (Hz 1 critical 

Motor control centers 

Communications equipment 

Light fixtures 

Inverters 

Cable trays 

Circuit breakers 

Relays 

Ceramic insulators 

Air handling units 

Instrument racks and panels 

Duct work 

Hydraulic snubbers and 
pipe supports 

7.63 

5.00 

9.20 

15.60 

2.23 

7.63 

4.00 

0.20 

2.24 

1.15 

3.97 

1.46 

0.88 

0.48 

0.20 

0.44 

0.39 

0.88 

0.89 

0.40 

0.41 

0.82 

0.54 

0.54 

Spec tr a1 
acceleration g 

Spectral 
acceleration g 

Spec tr a1 
acceleration g 

Spec t r a1 
acceleration g 

ZPA g 

Spec tr a1 
acceleration g 

Spectral 
acceleration g 

PGA g 

Spectral 
acceleration g 

Spec tr a1 
acceleration g 

Spectral 
acceleration g 

ZPA g 

5-10 

10-50 

20-30 

5-10 

Rigid 

5-10 

5-10 

2-8 

5 

5-10 

5-10 

Rigid 

5 

5 

2 

5 

-- 
5 

5 

5 

5 

5 

7 

-- 

Dislodging o:f components 
I 

Weld failure 

A 

A 

A 

N 

0 

P 

A 

Q 

A 

A 

A 

A 
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Table 3 .  Fragilities related to components. 

Key from 
Table 2 Component 

None (i.e., not used) A , 

B Steam generator and steam generator tubes 

C Piping and piping components 

D Tanks in the safety injection system and chemical- and volume- 
control system 

E Coolers in the reactor containment ventilation system, service 
water system, and residual heat removal system 

F Centrifugal pumps 

G Used for all valves 

H Electrical heaters in the safety injection system 

I Generator, diesel generator, and diesel generator components in 
the main power and service water systems 

Batter'ies in main electrical power system 

Relays and protective switchgear 

Dry transformers and battery chargers 

Local instruments, including sensors, detectors, and controllers 

Inverters in main electrical power system 

Electrical conductors in both main power and instrumentation 
power systems 

P Curcuit breakers, controller, starters, and switches 

Q Loss of off-site power and turbine trip 

R Reactor coolant pump 
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1. If BTS < BTEO' 

then assume 

then assume 

(i.e., for this case the results are the same as the Type A data.) 

3 .  If BTS > 8~~5-0  and 87733 < 8 ~ s  I 
then assume 

t 

Table 4 shows the resulting lognormal parameters of the component fragilities. 
The other data shown on Table 2 is applicable to these results as well as to 
the fragilities used for demonstration calculations. 

All of the fragilities used in SSMRP are developed for local responses. 

*. 
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Table 4. Final Zion component fragilities.a 

Median 6, BU BT Category 

Reactor core assembly 
Reactor pressure vessel 
Pressurizer 
Steam generator 
Piping (master fragility) 
Large vertical vessels with formed heads 
Large vertical tanks with flat bottoms 
Large horizontal vessels 
Small medium vessels with heat exchangers 
Reactor coolant pump 
Large vertical centrifugal pumps 
Large vertical pumps 
Motor driven pumps and compressors 
Large motor operated valves (>4 in.) 
Large relief, manual, and check valves 
Miscellaneous small valves 
Horizontal motors 
Generators 
Battery Racks 
Switchgear 
Dry transformers 
Air handling units 
Instrument racks and panels 
Control panels and racks 
Auxiliary relay cabinets 
Local instruments 
Motor control centers 
Condensate storage tank 
Local instruments 
Light fixtures 
Inverters 
Cable trays 
Ducting 
Hydraulic snubbers and pipe supports 
Relays 
Circuit breakers 
Large motor operated valves (rupture) 
Ceramic insulators 

2.06 
3.83 
2.00 
2.45 
2.44 x lo6 
1.46 
2.01 
3.91 
1.84 
2.64 
2.21 
2.21 
3.19 
4.83 
8.90 

12.50 
12.10 
0.65 
2.29 
2.33 
2.78 
2.24 
1.15 

11.50 
7.63 
7.68 
7.63 
0.81 
7.68 
9.20 

2.23 
3.97 
1.46 
4.00 
7.63 
14.40 
0.20 

15.6 

0.24 
0.23 
0.21 
0.24 
0.18 
0.20 
0.25 
0.30 
0.25 
0.24 
0.22 
0.22 
0.21 
0.26 
0.20 
0.33 
0.27 
0.25 
0.31 
0.47 
0.28 
0.27 
0.48 
0.48 
0.48 
0.20 
0.48 
0.28 
0.20 
0.14 
0.26 
0.34 
0.29 
0.22 
0.48 
0.48 
0.28 
0.25 

0.32 
0.39 
0.34 
0.37 
0.33 
0.35 
0.29 
0.53 
0.45 
0.37 
0.32 
0.32 
0.27 
0.60 
0.35 
0.43 
0.31 
0.31 
0.39 
0.66 
0.30 
0.31 
0.66 
0.74 
0.66 
0.35 
0.74 
0.30 
0.35 
0.14 
0.35 
0.19 
0.46 
0.49 
0.75 
0.74 
0.56 
0.25 

0.40 
0.45 
0.40 
0.44 
0.38 
0.40 
0.38 
0.61 
0.51 
0.44 
0.39 
0.39 
0.34 
0.65 
0.40 
0.54 
0.41 
0.40 
0.50 
0.81 
0.41 
0.41 
0.82 
0.88 
0.82 
0.40 
0.88 
0.41 
0.40 
0.20 
0.44 
0.39 
0.54 
0.54 
0.89 
0.88 
0.63 
0.35 

~~ ~ 

a All fragilities spec. accel. (9) except piping, which is moment (in.-lb). 
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SECTION 3: ZION BUILDING FRAGILITIES 

As part of determining the risk of radioactive release, it is necessary to 
determine failure criteria for all critical components in the safety systems. 
Besides functional failure of these critical components, one must consider the 
possibility that the buildings enclosing the critical components may f a i l  and 
secondarily cause component failure. Obviously if a floor slab or wall 
collapses onto a pump or valve, the latter will in all probability have 
€ailed. More likely is the possibility that the walls or floor slabs will be 
so cracked and spalled that bolts anchoring critical equipment will pull out, 

developing fragility relations for the Zion plant was the development of 
failure criteria for those buildings housing critical components. 

?i 

I. and components will then fail by excessive motion. Thus an essential part of 

3.1 Scope 

The five structures selected for detailed failure analysis were the reactor 
containment building, the internal walls and support slabs inside the 
containment, the turbine building, the auxiliary building and the crib house 
(intake structure) . 
Consideration of failure of the containment building is essential due to its 
role as the final barrier to radioactive release to the atmosphere. Vapor- 
tightness of the containment shell is maintained by a 0.25-in.-thick steel 
liner which is attached to the inside of the containment shell. Functional 
failure of the containment shell was defined as failure of this steel liner. 
In addition, pipe restraints for a number of critical piping systems are tied 
to the containment walls. 

The reactor containment building internal structures consist of a 3-ft-thick 
base slab poured over the foundation slab (which is separated from the 
containment shell by a cork-filled 1.0-in. gap), the circular ring wall, the 
fuel handling pool and its supporting walls, the operating floor slab, the 
biological shield walls surrounding the reactor vessel, and the missile shield 
walls surrounding the pressurizer. The reactor coolant system (reactor vessel, 
steam generators, pressurizer, reactor coolant pumps, and primary piping) .is 
located within the ring wall, and lateral support for these components is 
provided by the ring wall. 

The turbine building and the auxiliary building share a long common wall, and 
even though the auxiliary building is a Seismic Class I structure while the 
turbine building is not, their structural responses are closely coupled. The 
auxiliary building houses the majority of the safety system components, the 
control room, the diesel generators and all components of the on-site 
emergency power system. In particular, it houses the auxiliary feedwater 
pumps, the charging pumps, the safety injector pumps, the RHR pumps and the 
containment spray pumps, plus all the associated heat exchangers. Oil storage 
tanks for all pumps and the diesel generators are in the auxiliary building, 
as well as the vast majority of the stepdown transformers, inverters, 
electrical buses, motor control centers, and instrument panels. In addition, 
the refueling water storage tanks (RWST), which are the major source of 
emergency cooling water, share a common wall with the auxiliary building, and 
thus failure of the auxiliary building walls implies a failure of the RWST. 
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All the above-mentioned components play important roles in the accident 
sequences developed for Zion in Project VII. The turbine building contains 
the turbines, main feedwater pumps (both turbine and motor driven), and the 
condensers. 

The crib house is an open boxlike structure which acts as a reservoir for the 
circulating water system, and houses the circulating water pumps, the service 
water pumps, and the fire pumps. 

t 

These five structures were identified in a preliminary investigation of the 
potential structural failure modes of the Zion plant by D.A. Wesley and R.D. 
Campbell [formerly of EDAC, Inc. and now of Structural Mechanics Associates 
(SMA) J .lo As part of this preliminary investigation, possible failure modes 
for these structures were identified. In a follow-on contract, D.A. Wesley 
and P. Hashimoto of SMA performed detailed analyses of the failure modes of 
these structures, and generated fragility relations for the most probable 
failure modes of each building. This work is reported in Ref. 11. This 
document provides specific details of the buildings design and configuration 
and the detailed analysis. In the following sections, an overview of the 
method of generating the building fragilities is presented, and then the most 
probable failure modes and their corresponding fragility curves are presented 
and discussed. 

i) 

3.2 General Approach 

Inasmuch as no actual tests to failure of typical power plant buildings exist, 
it is necessary to base the development of the building fragilities on a 
comparison of analytically calculated loads with experimentally determined 
wall, slab, and beam capacities. The starting point for this comparison is to 
have available a dynamic structural analysis of the building under 
consideration, which provides acceleratians and stress resultants at various 
points within the structure. 
calculation, which is usually based on the response spectra method, or on a 
time history analysis. From this analysis, we relate the stress resultants in 
walls, slabs, and beams to the acceleration level at some convenient reference 
point in the building. The acceleration at failure is then computed-using the 

This analysis can be based on a design 

relation 

where 

AF = 
A =  
FS = 

Fu = 

FR = 

(3 )  

acceleration at failure, 
reference point acceleration for which stress resultants are known, 
factor relating the design strength capacity to the actual strength 
capacity , 
factor accounting for inelastic energy absorption 
structure, 
factor accounting for conservatisms in the method 
which the acceleration and stress resultants were 

capability of the 

of analysis from 
obtained. 
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I / /Stress proportional to acceleration 

I I’ 

Nonlinear increase 
of stress with acceleration 

at 
acceleration A, 

seismic 

~ ~~~ 

Deflection 

Figure 1. Typical stress-deflection curve 
showing relationship to acceleration. 

The strength factor FS is computed by 

CJ 5 lim - dead 

seismic 
- 

U I *S - 

where ulim is the limit strength or load capacity , Odead are the 
loads or stresses due to weight, thermal or pressure forces, and useismic 
are the loads or stresses induced by the seismic excitation. 
up the acceleration A in Eq. ( 3 )  to the actual ultimate capacity, since the 
loads or stresses are proportional to acceleration in a linear analysis. This 
is illustrated in Fig. 1 which shows a typical stress-strain curve. Let point 
A be the calculated stress corresponding to a known acceleration. The factor 
FS ratios the acceleration up such that the stress (computed in a linear 
analysis) equals the limit stress slim. 

Thus FS ratios 

The actual increase in stress with acceleration is (after yield) highly 
nonlinear, so that in the plastic portion of the stress-strain curve in Fig. 1, 
the stress actually increases more slowly than the acceleration. This is taken 
into account by the ductility factor Fp in Eq. ( 3 ) .  
Fp provides the ratio between the stress calculated in a linear analysis 
and the stress calculated from a nonlinear analysis with a given ductility. 
Thus in our analysis we estimate the ductility which the wall, slab, or beam 
can reach before failure, and then use the corresponding factor F1! to 
increase the acceleration capacity. 

The ductility factor 

Finally, if it is felt that the original analysis (from which the relationship 
between acceleration and stress was obtained) was based on inherently 
conservative assumptions, the factor FR is used to increase the acceleration 
capacity according to our estimate of the degree of conservatism present. The 
three factors FS, F1!, and FR as applied to the Zion structures are 
discussed in the sections following. 

Inasmuch as probabilistic fragility relations are required, it is necessary to 
include uncertainties in the calculation of the failure acceleration AF in 
Eq. ( 3 ) .  It is at this point that the choice of the lognormal distributional 
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* form for all variables plays a significant part. 
all lognormal random variables with corresponding medians MS, M,,, MR, and 
corresponding standard deviat ions  of the logarithms B s ,  B,, and B,, then 
the acceleration capacity AF will also have a lognormal distribution with 

For if FS, F,,, and FR are 

A 

AF = A % M,, MR ( 4 )  

2 2 2  2 
B F  = B, + S,, + B, (5) 

for the median and log-standard deviation, respectively. These two parameters 
completely define the distribution of the acceleration capacity AF. 
the acceleration capacity AF can be written as 

Thus 

were E is a random variable with median of unity and log-standard deviation 
B, given by Eq. (5 ) .  

3.2.1 Systematic Versus Random Uncertainties 

Uncertainty in the calculation of the acceleration capacity can be separated 
into two categories, random uncertainty and systematic uncertainty. Random 
uncertainty is that part of the total variance which is due to inherent 
randomness in the system, which cannot be reduced by additional data or 
analysis. 
total variance which is due to approximations in the analysis. This would 
include, for example, approximations made in setting up a geometrical set of 
masses, springs, and dampers to model the actual building or uncertainty in 
the exact form of a law describing viscous damping effects in structural 
elements. 
accurate mathematical models, more detailed geometrical models, or a better 
viscous damping law obtained by performing additional experiments to better 
delineate the - form of the damping law. 
be reduced or nearly eliminated by additional data or more refined analysis. 

By contrast, systematic or modeling uncertainty is that part of the 

All these uncertainties could presumably be reduced by use of more 

Thus the systematic uncertainties can 

It is possible to separate the effects of ramdon versus modeling uncertainties 
by estimating the variance in the terms Fs, F,, and FR separately. 
estimate 

Thus we 

2 2 2 
Bs = Ys + 6s 

* The central limit theorem supports the choice of lognormal distribution 
since it states that a distribution consisting of products and quotients of 
distributions of several variables tends to be lognormal even if the 
individual distributions are not lognormal. 
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c 

a 

in which the ys are the variances due to modeling uncertainty and the 6s are 
the variances due to random uncertainty. Thus, Eq- (6) can be generalized to 

where cU is a lognormal random variable with unit median and log-standard 
deviation 

2 2 2 - 2 
BU - Ys + Yu + YR 

which accounts for all the modeling uncertainty and c R  is a lognormal random 
variable with unit median and log-standard deviation, 

which accounts for all the inherent random uncertainty. 

The formulation for the acceleration capacity in Eq. ( 7 )  allows us to put upper 
and lower bounds on the location of the median AF by thinking of the median 
AF as a random variable with variance which is the variance to do modeling 
uncertainties alone. Hence using the lognormal distribution for c U  we can 
get upper and lower values of the median corresponding to prescribed 
probabilities of nonexceedence. 

For example it can be shown that the 5 and 95% probability values of the 
median are given by 

+l. 65BU 
= A  e 

(AF) 95% F 

These are points m and n shown on Fig. 2. 
which they were derived is superimposed on the figure. The shaded areas each 
represent 10% of the area under the curve. The solid curve is the cumulative 
distribution function (cdf) of the acceleration capacity with no systematic 
uncertainty. The dashed bounding curves are the curves which pass through the 
5% upper and lower values of the median as computed above. 
have the same variance (due to the random uncertainty alone). 

The distribution of e U  from 

All three curves 

Shown in Fig. 3 is a comparison between the three curves in Fig. 2 and the cdf 
of the AF based on the total uncertainty which includes both random and 
modeling uncertainty. The latter curve is flatter than the other three since 
its variance is larger. 

Either formulation [Eq. (6) or ( 7 ) ]  can be used, depending on the application. 
In Phase I of the SSMRP, only the total variance formulation (random plus 
modeling) was utilized. For Phase 11, however, the random and modeling 
uncertainties will be propagated through the calculational sequence separately, 
and thus in the developing fragilities, the two types of uncertainty were 
considered separately. 
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Acceleration 

Figure 2. 
lower bounds on  f r a g i l i t y  c u r v e .  

Construction of upper and 

- .- 
0 rc 
rc 
0 

Acceleration 

F i g u r e  3 .  F r a g i l i i t y  c u r v e  with 
combined random and modeling 
u n c e r t a i n t y .  

3 .2.2 The S t r e n g t h  Factor FS 

A s  o u t l i n e d  i n  t h e  l a s t  s e c t i o n ,  t h e  s t r e n g t h  f a c t o r  is g i v e n  by 

- L  

seismic 

- L l i m  dead 
I FS - L 

i n  which Llim is t h e  maximum l o a d ,  s h e a r ,  or moment a s s o c i a t e d  w i t h  t h e  
e f f e c t i v e  y l e l d  stress. 
s ta t ic  and seismic l o a d s ,  r e s p e c t i v e l y .  

The terms k e a d  and LseiSmic are t h e  calculated 

For t y p i c a l  n u c l e a r  b u i l d i n g s ,  s h e a r  wal l  c o n s t r u c t i o n  i s  used i n  which l a t e r a l  
i n e r t i a  loads due to  seismic ground shaking  are  resisted by r e i n f o r c e d  c o n c r e t e  
walls. T h i s  results i n  a s t r o n g  and v e r y  st iff  structure and t h e  e f f e c t i v e  
y i e l d  stress is assumed t o  equal ul t imate .  The u l t i m a t e  capacities o f  such 
s h e a r  walls depend on t h e  r e l a t i v e  r a t i o s  of h e i g h t  t o  width.  The t w o  main 
f a i l u r e  modes ( fa i lure  due to  in-plane s h e a r  and f a i lu re  due t o  in-plane 
moments) a r e  shown i n  Fig.  4. The f a i l u r e  c r i t e r i a  f o r  t h e s e  t w o  modes a re  
p r e s e n t e d  below. 
w a l l s  were assumed to  have no r e s i s t a n c e  to out-of-plane bending. 
f a i l u r e  of t h e  wal l s  due to  direct b e a r i n g  stresses was never  a governing 
f a c t o r .  Hence no f a i l u r e  c r i t e r i a  were needed for t h e s e  t w o  modes of f a i l u r e .  

I n  e v a l u a t i n g  t h e  f r a g i l i t y  of t h e  Zion b u i l d i n g s ,  t h e  s h e a r  
A l s o ,  

The ultimate s h e a r  c a p a c i t y  was t a k e n  a s  

f Y 
" u l t  4 w/h 

i n  which 
I 

f = compressive c o n c r e t e  s t r e n g t h ,  p s i ,  

h = w a l l  h e i g h t ,  

w = w a l l  l e n g t h ,  

N = normal ( b e a r i n g )  l o a d ,  l b ,  

f = y i e l d  s t r e n g t h  o f  r e i n f o r c i n g  s tee l ,  p s i ,  

C 

Y 
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(a) Shear loading on wall 

v 

4 W 

Bending moment due to shear loading 

Figure 4 .  
on walls. 

Shear and bending loadings 

Pse = A Ph + B Put 

= horizontal steel reinforcement ratio, 

= vertical steel reinforcement ratio, 
'h 

O U  

= constants depending on h/w. B " I  
t 

This expression is based on the experiments of Bards" modified to reflect 
the data of Refs. 12 through 15 which show the decreasing effect of vertical 
reinforcing steel with increasing h/w ratios. 
through 15, the constants A, B were taken as 

Using the data of Refs. 12 
m 

A = l  B = O  for h/w < 0.5 - 
A = 2(1 - h/w) B = 2(h/w - 1) 
A = O  B = l  for 1.0 < h/w 

for 0.5 < h/w - < 1.0 

The ultimate moment capacity of shear walls due to in-plane forces was taken as 
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$lC + A  f d - -  $lC 
2 '  1 - -  N 

S Y  

A f W  -- s y  1 + -  
Mult - 2 A f  W ch Y 

in which 

c =  
- 

As - 
A =  ch 
w =  

- 
fY - 
M = 

d =  

depth to neutral axis from extreme compression fiber, 

total distributed steel, 

area of chord steel, 

wall length, 

steel yield strength, 

axial (bearing) load, 

distance from the extreme compressive fiber to the centroid of 
tensile chord steel, 
ratio of depth of equivalent rectangular concrete stress block 
to depth to neutral axis (c). 

This equation follows that presented in Ref. 13 modified to account for the 
presence of chord steel. 

The equations for Vult and hU1t presented above give the median ultimate 
capacities. Based on comparing these two equations against data,1-2-14 an 
estimate was made of their agreement with the data. 
of 0.15 was found for Vult, and a corresponding value of 0.10 was found for 

A log-standard deviation 

Mu1.t. 

Both equations involve the reinforcing steel strength fy and the ultimate 
shear capacity depends on the concrete compressive strength fc. 
Throughout the Zion structures, Grade 60 reinforcing steel was used, and data 
on yield strength were taken. 
were : 

The resulting median and log-standard deviations 

= 0.09 

= 0.11 
BfY 
$fY 

No. 3 to No. 11 bars Median f = 66 ksi 

No. 14 and No. 18 Median f = 71 ksi 
Y 

Y 

Different concrete design strengths were specified for the Zion buildings, and 
90-day concrete compression test data were taken, with the results shown in 
Table 5. Based on these test data and a correction factor to account for the 

median compressive strength (including aging effects) to the design compressive 
strength is 1.3 to 1.4 in the reactor buildings base mats and 1.31 to 1.35 in 
the containment shells. Corresponding logarithmic standard deviations are , 

approximately 0.10 to 0.11. For the auxiliary building, the ratio of median 
to design compressive strength is approximtely 1.65 with logarithmic standard 
deviation of 0.13 for the walls and slabs. The crib house was designed with 
25OO-psi concrete so that the ratio of median to design compressive strength 
for this building is approximately 1.74, again with a logarithmic standard 
deviation of 0.12. 
for Vult when computing the median shear strength capacities of walls. 

increase of concrete strength with aging, it was found that the ratio of the 5 

z 

These increased values of fc are used in the equation 
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Table 5. Zion concrete compression test results (90-day test). 

0 
Design Average Standard 
strength s t r eng th deviation Number of 

(psi) (psi 1 (psi) samples 

Reactor building base mats 5000 5948 570 
(Unit 1) 

Reactor building base mats 5000 6521 661 
(Unit 2 )  

76 

92 

Reactor containment building 5500 6812 585 415 
(Unit 1) 

Reactor containment building 5500 6664 617 
(Unit 2)  

404 

Auxiliary building 
foundat ions 

4000 6072 427 22 

Auxiliary building walls 4000 6136 704 
and slabs 

500 

Crib house 3500 5603 606 200 

3.2.3 The Ductility Factor F,, 

The ductility factor F, is the ratio between the acceleration required for 
the load in an element to reach the ultimate load, as determined from a 
nonlinear analysis, to the acceleration required for the load in the element 
to reach the same ultimate load as determined by a linear analysis. Thus,  

The factor Fp is a measure of the capacity of the element (or structure) 
to absorb energy inelastically and hence withstand larger accelerations than 
would be predicted by using a linear analysis. 

For Phase I of the SSMFP, no nonlinear analyses were performed. Hence 
calculations of F, were based on the work of Newmark on "ductility modified 
response spectra" as documented in Refs 16 through 18 and Ref. 4. In this 
work, it was shown that the ductility factor was primarily a function of the 
ductility ratio, defined as the ratio between the maximum displacement of an 
elastic-plastic element to the elastic displacement. 
degree-of-freedom systems with base excitation corresponding to a number of 

By analyzing simple one- 
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v) ln 

2 
5 

Deflection 

Figure 5. Definition of ductility 
ratio. 

different recorded earthquake time histories, it was shown that the ductility 
factor could be approximated by 

= d ? ,  (12) 
F!J 

where !J is the ductility as defined in Fig. 5. Later studies19 showed that 
the ductility factor was not sensitive to the particular form of the elastic- 
plastic constitutive law assumed, but did depend on the assumed degree of 
damping. These studies gave the results shown in Fig. 6. 

6 

5 

I 

I1 

LL 
3. 

3 

2 

1 

acceleration region 
- p = q + 1  

q = 3.00 P-0.30 
r = 0.48 /3-o'08 

- O = %  damping 

2 3 4 5 6 7 8 9 1 0  

Ductility ratio 1-1 

Figure 6 .  
and ductility factor (from Ref. 19). 

Relationship of ductility ratio 
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The relation between F,, and the ductility ratio and damping imposes no 
limitations on the maximum displacement, but only relates the maximum 
nonlinear displacement to the acceleration. Actual values of maximum 
displacement at failure are determined by experiment. 
ductility ratio at failure was taken from data on reinforced concrete walls 
failing in shear under reversal loading given in Ref. 15. From this data, the 
median value of ductility at failure was found to be approximately 4 ,  with a 
log-standard deviation of 0.18. Thus, from Fig. 6, values of the ductility 
factor Fp can be computed for p = 4 ,  for any assumed value of structural 
damping. 

Thus, the value of the 

3.2 .4  The Response Factor FR 

The factor FR relates acceleration as computed by an approximate or simplified 
design procedure to the actual acceleration as computed by a detailed finite 
element response analysis. For the reactor containment, turbine, and the 
auxiliary buildings, a detailed dynamic analysis was performed as part of the 
SSMRP, and hence for these buildings the factor FR is not needed. 
for the crib house, the original design analysis performed by Sargent and 
Lundy was used, so for the crib house a response factor FR was computed. 

However, 

The variables that affect the calculated response of structures to a given 
seismic event with a given free-field acceleration can be grouped into four 
categories given by 

0 Modal response. 
e Method of combination of modes. 
e 
e soil structure interaction effects. 

Method of combining earthquake components. 

For example, no soil-structure interaction effects were included in the 
original design analyses of the crib house. The analytical model for this 
structure assumed fixed base conditions, and did not consider radiation of 
energy from the structure into the soil. Only material soil damping 
(corresponding to 5% equivalent viscous damping) was included. Spatial 
variation of the ground motion over the planar extent of the foundation was 
not considered. Both of these factors are considered to result in some 
overestimation of structural response. The combined estimated factor of 
safety due to soil-structure interaction effects only for the crib house was 
judged t o  have a median and logarithmic standard deviation of: 

FR = 1.2 BR = 0.15 . 
Similarly, contributions to FR from the other three categories above were 
computed. Details of these considerations are presented in Ref. 10. 

3.2.5 Example of Fragility Development 

To illustrate the process of developing fragility curves using the strength 
and ductility factors just described, the calculations for the fragility curve 
of the diesel generator room walls in the auxiliary building will be presented. 

The loads (shear forces and moments) in all the walls and slabs in the 
auxiliary building were computed from finite-element time history analyses for 
a set of earthquakes all scaled to have peak accelerations in the range 0.17 
to 0.30 g. Ten different earthquake time histories were used. The most 
highly stressed walls in the diesel generator rooms were the end walls, having 
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a median shear force of 1430 kips. The acceleration reference point was taken 
to be at the control room floor slab. The median floor slab east-west 
acceleration for the 10 time histories was 0.15 9. The factors Fs and 
F,, are used to scale up this acceleration in order to find the acceleration 
of the reference point (control room floor slab) corresponding to failure of 
the diesel generator room shear walls. 

The location of the two walls is shown in Fig. 7. The walls are 25-ft high, 
42-ft long, and 2-ft thick, with No. 6 high strength steel reinforcement on 
both sides, spaced 1-ft apart along the wall. 

The Strength Factor. 
3.2.2) is given by 

The median strength factor FS (as discussed in Section 

- 'ult - 'dead 
"s e ism ic FS - 

which was approximated as 

since the static loading on shear walls is very small compared to the dynamic 
seismic loading. 
wall is given by Eq. (9) as 

The ultimate shear load capacity for a reinforced concrete 

vult = 8.3 c- 3 . 4 & ( & - & + - -  w 2 4 w  ') + 0s.e f .  y 

There is no significant normal load on these walls, so €4 = 0. 
reinforcement ratio is 

The vertical 

Note that in this case the effective steel reinforcement ratio equals the 
vertical steel reinforcement ratio since no horizontal steel was used. 
E q .  (13) can be written 

Vult = vcu -+ vsu , 
where 

vcu - - 8.3 G- 3.4 &-(& w - 2 + E 4 w  

n 

5 

From test data, the median concrete strength for the diesel room walls (taken 
as 1.65 times the 4000 psi design concrete strength as explained in Section 
3.2.2) is 

I 

f = 6600 psi , 
C 
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B =  f; 

f Y  - 

f Y  

and t h e  median 
- 

B =  

0.13 , 

s tee l  s t r e n g t h  is 

66,000 ps i  , 
0.09 . 

T h u s  t h e  median c o n c r e t e  s h e a r  s t r e n g t h  is 

vcu  = 1 O m -  3.4- (%)= 648 psi  , 

and t h e  median s teel  s h e a r  s t r e n g t h  is 

Vsu = (0.00306) (66,000) , 

= 202 p s i  . 
Hence t h e  median w a l l  s h e a r  s t r e n g t h  is 

Vult = Vcu + Vsu = 850 p s i  , 
and hence t h e  median w a l l  s h e a r  f o r c e  c a p a c i t y  becomes 

L"1t  = Vult (t) (0.8w) I 

= 850 (2)  (12) (0.8) (42) (12) , 

= 8230 k i p s  , 

i n  which 0 . 8 ~  is t h e  e f f e c t i v e  w a l l  l e n g t h  as s p e c i f i e d  i n  t h e  ACI code. Thus 
t h e  median s t r e n g t h  f a c t o r  of s a f e t y  Fs is 

- - =  - 8230 5.8 . L u l t  

Lse ismic 
F =  

1430 S 

The u n c e r t a i n t y  i n  t h e  u l t i m a t e  s h e a r  l o a d  is due to t h e  
t h e  t es t  d a t a  for t h e  c o n c r e t e  and s teel  s h e a r  s t r e n g t h s  
d e v i a t i o n s  B = 0.13 and B = 0.09, r e s p e c t i v e l y ) ,  and f 

t h e  e q u a t i o n  f o r  t h e  u l t i m a t e  s t r e n g t h  of s h e a r  wal l s  is 
fd Y 

random u n c e r t a i n t y  i n  
(having log-standard 
due to  t h e  f a c t  t h a t  

an  approximate model 
f i t  to  d a t a  (i.e., modeling u n c e r t a i n t y  of B u  = 0.15). 
u l t imate  l o a d  o f  t h e  wall as  having t h e  form 

Thus w e  model t h e  

- 
L u l t  - L u l t  'R 'U 

i n  which sR, e U  a r e  lognormal random v a r i a b l e s  w i t h  medians e q u a l  to 
u n i t y  and log-standard d e v i a t i o n s  B R ,  BU, r e s p e c t i v e l y .  From Eq. ( 1 4 ) ,  

V u l t  = vcu + vsu 
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and using the approximation 8 S o/u it can easily be shown that 

V 
in which (V) denotes the median value. Further, since V is proportional 

to it can be shown that 
cu 

B = 0.5 B , = 0.065 , 
fc vC u 

t 

Q 

and since hit is proportional to Vult, 
- B = B  - B R  

Lult 

Thus we have characterized the safety factor Fs in lognormal form as having 
a median value of 5.8, and random and modeling uncertainties of B R  = 0.05 
and Bu = 0.15, respectively. 
effects of random and modeling uncertainties were not considered separately, 
but were combined to give a total uncertainty 

In Phase I of the SSMRP, the relative 

The Ductility Factor. 
specified values of the ductility ratio and structural damping. Damping in 

The ductility factor Fu is taken from Fig. 6 €or 

cracking concrete walls near failure is expected to be large, so a value of 
10% damping is assumed. 

The system ductility ratio for shear wall failure is normally estimated to be 
about 2. However, failure of this shear wall is primarily localized because 
of load redistribution, and nonlinear response of the wall will not 
significantly deamplify the response of the structure as a whole. 
a reduced system ductility ratio of 1.2 is estimated. 

Accordingly, 

For p = 1.2 and 10% damping, the value of F v  from Fig. 6 is 1.18. 
modeling uncertainty inherent in Fig. 6 is estimated to be 0.10 while the 
random uncertainty is estimated to be 0.05. Hence 

The 

Fu = 1.18 
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f3" = 0.10 

n 

Accelerations at Failure. 
at failure using 

We are now in a position to compute the acceleration 

V v v  
A F  = A Fs FP , 

= (0.15 g) (5.8) (1.18) , 

= 1.1 3 . 
The random uncertainty is 

2 
= J (0.05) BR + (0.05)2 = 0.07 

and the modeling uncertainty is 

2 2 @U = J(O.015) + (0.1) = 0.18 . 
The corresponding fragility curve,is plotted in Fig. 8. 

This completes the example of the methods used in the devel . f 
structural fragilities. These methods were applied to the reactor containment 
building, auxiliary,turbine buildings, and the crib house. Descriptions of 
these structures and their resulting fragilities follow. 

3.3 Reactor Containment Building Fragilities 

The reactor containment buildings for Zion units 1 and 2 are vertical circular 
cylinders with shallow domed roofs. They enclose the concrete internal 
structures, the reactor vessels, and reactor coolant systems. The containment 
buildings and the concrete internals are supported by independent flat 
circular foundation slabs which include a sump near the center to house the 
reactor vessel. 

3.3.1 Description 

The cylindrical portion of the containment building is prestressed by a 
posttensioning system that consists of horizontal and vertical unbonded 
tendons. 
spaced vertical buttresses that extend from the base slab to above the spring 
line of the vessel. 
system. 
cylinder, and the dome contains radial and circumferential reinforcing steel 
toward the outside diameter and reinforcing steel in a rectangular grid near 
the center. The foundation slab is conventionally reinforced with high- 
strength steel. Other than the vertical containment vessel tendons that 
extend through the base slab, no prestressing is used for the base slab. The 

The horizontal hoop tendons terminate in one of the six equally 

The dome is prestressed by a three-way posttensioning 
Vertical and circumferential reinforcing steel is placed in the 

pmen t 
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Figure 8. Failure of diesel generator room walls. 

entire structure is lined with 1,4-in. welded steel plate to provide vapor 
tightness. A vertical section through the containment is shown in Fig. 9. 
Located within the containment buildings are the concrete internal structures. 
These structures are conventionally reinforced and support the reactor vessel, 
the steam supply system, the fuel handling pool, and the polar crane. The 
concrete internal structure consists of a ring wall, operating floor, fuel 
handling pool, and the reactor biological shield wall. The ring wall is 3-ft 
9-in. thick with an outside diameter of 106 ft and extends upward from the 
floor slab (elevation 568 ft) to the operating floor (elevation 617 ft). On 
the operating floor immediately above the ring wall is located the polar crane. 
Figure 10 shows a vertical section through the internals and containment 
vessel. Figure 11 shows the location of the major items of equipment, 
including the reactor vessel, the steam generators, the reactor coolant pumps, 
and the polar crane. 

The only location where the concrete internals are structurally connected to 
the containment vessel is at the base of the internal structure. One-foot 
square by 2-in.-deep shear keys connect the ring wall to the 3-ft-thick slab 
above the liner, and 1-3/8-in.-diam anchor bolts tie the wall into the 9-ft- 
thick foundation slab. This detail is designed to transmit loads from the 
internals to the foundation directly without affecting the liner. 

3.3.2 Failure Modes and Fragilities 

Under seismic excitation, the containment building responds like a cantilever 
beam with a circular cross section, somewhat modified by rocking of the 
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Figure 9. Section of reactor containment building. 
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Figure 10. Zion reactor building and internal structure. 

foundations. 
end of the beam, adding both concentrated mass and rotary inertia. Because of 
the large radius-to-wall thickness ratio (approximately 25) the shear stresses 
in the wall are predominately tangential and axial, as shown in Fig. 12. 

The spherical dome acts like a concentrated weight on the free 
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Figure 12. Shear stresses in containment building wall. 
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The stress distributions due to ground motion (in one direction) are shown 
schematically in Fig. 13. 
across the cross section as long as the response of the structure stays in the 
elastic range, and local discontinuities are neglected. 
inertia loading, both axial and tangential shear stresses are present. 
point of maximum shearing stresses is 90° away from the location of the 
maximum axial bending stress. 
distribution due to bending of a thin tubular beam. 

The axial bending stress azz  varies linearly 

Due to the lateral 
The 

Figure 13(b) shows the typical shear stress 

The axial bending stresses are reacted by the concrete in compression, and by 
the vertical prestressing tendons and vertical steel reinforcement in tension. 
In the Zion containment structures the tendons are stressed to approximately 
60 to 65% of their ultimate strength over the life of the structure. For low 
levels of seismic excitation, the wall will behave essentially elastically. 
The concrete is effective in resisting shear and flexural tensile stress in 
this case. Only after the flexural tensile stress exceeds the prestress and 
the concrete cracks will the bonded reinforcing steel experience any load. 
The increase in load in the tendons will be small due to the very small 
increase in strain compared to the preload strain. This occurs because the 
strain resulting from a crack width is distributed over the length of the 
unbonded tendon. As the load is increased and the cracks widen, yielding will 
occur in the reinforcing steel and liner. When the inertia loads are 
reversed, buckling of the reinforcing steel and liner can occur and failure of 
the liner integrity can result since the steel alone must r e s i s t  the 
compressive forces. Local spalling of the concrete outside of the reinforcing 
steel will result in loss of confinement for the steel and accentuate the 
failure. Based on dynamic loads computed using a beam element finite-element 
analysis, the median bending stress failure acceleration was determined to be 
9.0 g acceleration at the containment ring girder. 
curve is shown in Fig. 14. 

The associated fragility 

A s  inelastic response levels are reached, the tangential shear distribution 
changes. This shear "yielding" occurs due to reduction in dowel stiffness and 
loss of aggregate interlock as the cracks widen. Any loss of prestress will 
result in a significant reduction of shear resistance capacity, since only the 
gravity and vertical response loads are available for aggregate "friction." 
The tangential shear must then be resisted to a larger extent by the bonded 
reinforcing steel. 
whether the concrete can confine the steel bars. Failure of dowel action can 
result from either crushing of the concrete or bond splitting along the bar. 
Initial consequences of shear type failure will be potential failure of the 
liner and possibly some pipes. 
when the equivalent elastic response at the location of the containment vessel 
ring girder reaches a median value of approximately 4 g. 
for this mode of failure is shown in Fig. 15. 

The dowel action of the reinforcing steel depends on 

This level of failure is expected to occur 

The fragility curve 

The vertical shear stresses are carried by the horizontal steel reinforcing 
and by concrete aggregate interlock. The horizontal steel reinforcement, 
however, does not extend continuously across the buttresses. Here, the 
concrete segments of the containment wall are separated by steel buttress 
plates. Shear anchors are provided to transfer the vertical shear across the 
buttress plates, and frictional forces also serve to transfer the shear across 
the plates. 
tendons overlap at the buttress, thus doubling the compressive preload stress 
on the buttress plate. However, shear anchors were provided only on one side 

The friction forces are high because the circumferential prestress 

n 

T '  

U 
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Figure 13. Stress distributions in containment building wall. 
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Figure 15. Shear failure of reactor building containment wall. 

46 



of the buttress plate as shown in Fig. 16. 
potential vertical shear failure. Their failure, with corresponding loss of 
liner integrity is expected to occur at a median acceleration at the ring 
girder of approximately 4.2 g. The fragility curve for vertical shear failure 
is shown in Fig. 17. 

Thus the buttresses are a site of 

4 

J It should be noted, however, that the addition of other dynamic loads can 
significantly influence the seismic capacity of the containment vessel. If 
loss of coolant accident (LOCA) internal pressure is present during the 
earthquake (or aftershocks), a very substantial amount of the prestress 
capacity will be required to withstand the pressure loads. Consequently, a 
much lower strength capacity will be available to withstand the seismic loads. 
This is true not only for the capacity of the vertical system required to 
resist flexure and transverse shear but also the horizontal system. Typically, 
the horizontal preload system does not need to resist large increases in load 
as the result of flexural loads. However, in the Zion reactor buildings the 
circumferential preload is required to transfer the VQ/I shear across the 
vertical buttress plates. In view of the low probability of a concurrent 
LOCA, however, these effects were not investigated as part of the current 
study . 
The concrete internal walls and supporting structures were also examined for 
potential failure modes. These concrete structures consist of a ring wall, 
the reactor biological shield wall, the fuel-handling pool, and the operating 

$ Buttress 
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Figure 16. Section of containment wall buttress. 
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Figure 1 7 .  Vertical shear fa i lure  a t  reactor b u i l d i n g  buttress plates. 

floor. The reactor coolant system (which consists of t h e  reactor vessel, the 
steam generators, the pressurizers, and the reactor coolant pumps) is located 
w i t h i n  the ring wall and la te ra l ly  supported by the ring wall and the shield 
wall. The polar crane is also supported by the ring wall. 

A major fa i lure  of the concrete internal structure could lead to  a t o t a l  
fa i lure  of the reactor coolant system due t o  loss of support for major 
components or impact on the coolant system w i t h  consequent fa i lure  of the 
pressure boundary. 
structural  elements of the concrete internal structures that could lead to  
such an event. 

Thus,  at tention was focused on the fai lure  of any 

The controlling seismic fa i lure  mode for the internal structures is shear 
failure.  The lowest capacity fa i lure  mode for the internal walls is the shear 
fa i lure  of the weld for the 1-3,8-in.-diam dowels a t  the interface of the 3- f t  
and 9 - f t  slab, and simultaneous shear fa i lure  of t h e  ver t ical  portion of the 
3-ft-thick s l a b  i n  the sump. T h i s  w i l l  resul t  i n  loss of l iner  integrity and 
possibly pipe and conduit failure.  
fa i lure  of the concrete internals is approximately 5.0 g a t  the operating 
floor elevation. 

The median expected acceleration for shear 

n 

3 

One of the internal structures was found t o  have a significantly low fai lure  
mode. T h i s  was the possible fa i lure  of the pressurizer enclosure, a reinforced 
concrete structure a t  the operating floor which encloses the portion of the 
pressurizer above the operating floor (Fig. 18) .  The pressurizer enclosure 
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Figure 18. N-S section of containment building. 

has 1-ft-thick poured-in-place concrete walls on three sides. 
approximately 39-ft tall. 
removable concrete panels. The roof is constructed of a 1-ft-thick removable 
concrete slab bolted down to the two walls which are perpendicular to the roof 
slab span (Fig. 19). 

The walls are 
The fourth wall consists of several pieces of 
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No diaphragm action is provided by the roof slab due to lack of roof 
connection to the other two walls and the discontinuity at the center of the 
roof slab. Because of the open section, considerable torsional response 
results. The failure mode of the wall results mainly from yielding and 
Eailure of the wall reinEorcing and eventual collapse of the roof and 
removable panels. 
or result in damage of any of the remainder of the building structure. 
However, damage to the pressurizer and its associated piping including 
possible rupture of the reactor coolant pressure boundary should be expected 
following collapse of the enclosure. The median effective capacity for this 
structure is approximately 1.2 g at the reactor building operating floor. 
Figure 20 shows the fragility curve for this failure mode. 

This mode of failure is not expected to cause liner damage 
-. 

I 

3 . 3 . 3  SUITUnary of Zion Reactor Building Fragilities 

In summary, the three lowest failure modes for the containment shell, internal 
walls, and internal structures were found to be: 

1. 

2. Tangential shear failure at base of containment shell, at 4.0-g 

3. Axial shear failure along buttress plates, at 4.2-g acceleration at 

Collapse of pressurizer roof enclosures, at 1.2-g acceleration of 
operating floor slab. 

acceleration at ring girder. 

the ring girder. 
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No examination was made of possible failure modes associated with soil 
liquefaction, surface faulting, or sliding. A preliminary investigation of 
the effect of base slab uplift was conducted, however. 

When one considers the range of earthquakes for the seismic risk analysis, it 
is essential to include consideration of phenomenon which may not be of major 
consequence in the design process. One such consideration is soil-foundation 
separation or uplift. For structures such as the Zion reactor building, i.e., 
of large height-to-diameter ratio, overturning moments due to its seismic 
response lead to a prediction of uplift. Soil-foundation separation, per se, 
is not critical. 
a reduction in member load and introduction of additional high frequency 
response. These effects are generally considered to be of second order, 
particularly for a seismic risk analysis, and were not explicitly included in 
our analysis. In addition, the potential exists for large soil pressures to 
occur due to a redistribution of stress once tension in the soil is predicted. 
Peak toe pressures may, in fact, increase to the point of exceeding the soil 
bearing capacity causing failure. A further consequence of uplift itself and 
potential soil failure is to increase relative displacements between adjacent 
structures which then causes failure of interconnecting pipes due to the large 
relative motions. At Zion, large relative displacements would be predicted to 
occur between the reactor building and the AFT complex. In the SSMRP Phase I1 
analyses, we included basemat uplift as a potential failure mode of 
interconnecting pipes. 

The consequences of uplift on structure response are usually 

To estimate the excitation levels at which uplift and soil failure occurred, a 
series of linear analyses was performed using SMACS for the range of 
earthquakes. A post processing of results combined each horizontal response 
with the vertical response to determine overturning moments and peak toe 
pressures. In the SMACS analyses, ensembles of earthquakes represented the 
seismic input and variations in soil and structure input parameters were 
included. In the post processing, the effects of dead weight, buoyancy, and 
an estimate of the position of response distributed to the side soil were 
taken into account. The results were estimates of overturning moments, peak 
toe pressures, and vertical displacements based on our linear response 
calculations. Such an analysis greatly overpredicts peak soil pressure. 
Several studies20r21 have made comparisons between peak toe pressures 
calculated by linear and nonlinear analyses. Using this data as a basis, the 
linearly calculated toe pressures were adjusted by nonlinear effects. These 
scaled values of toe pressures were compared with the ultimate soil capacity 
of 45 KSF. A median toe pressure of 45 KSF was estimated at a peak horizontal 
acceleration of the reactor building foundation of 0.70 g. 

n 

Although soil failure is not expected to result in failure of the structure 
directly, the resulting increased relative displacement of the reactor 
building can lead to impact between the reactor and auxiliary building. In 
the Zion reactor containment vessels, no tangential (or hoop) reinforcing . 

steel was included on the inside surfaces of the containment shell. 
Consequently, concrete spalling and subsequent liner damage is expected at 
relatively low levels of additional displacement once the circumferential 
prestress is overcome. No impact is expected to occur for reactor building 
displacements less than approximately 0.8 in. at elevation 642 ft, regardless 
of phasing. The fragility curves associated with impact between the reactor 
buildings and auxiliary buildings are shown in Fig. 21. 
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3 . 4  Turbine/Auxiliary Building 

The turbine/auxiliary building complex of the Zion nuclear power plant consists 
of the following buildings: turbine building, auxiliary building, fuel 
handling building and the diesel generator rooms. All four buildings are 
structurally interconnected at different levels through walls, roofs, and floor 
slabs. The general layout of the complex is given in Fig. 7. 

3.4.1 Description 

The turbine building, a 678-ft by 130-ft structure, is symmetrical about an 
approximate east-west centerline. Most of the turbine building (i.e., turbine 

foundation ma; with varying thickness. The remainder of the turbine building, 
which is not located over the foundation mat, is supported by concrete columns 
which extend downward to the spread footings. 

The turbine foundations are massive reinforced concrete space frames that are 
continuous with the piers of the condenser walls and rise from elevation 
592 ft to the main floor of the turbine building at elevation 642 ft. The 
turbine foundations are isolated from the major turbine building floors at 
elevations 617 ft and 642 ft by a 1-in. gap. 

3 and condenser supporting structures) is founded on a reinforced,concrete 

8 

The ground floor, a 3-ft-thick reinforced concrete slab, is continuous with 
the floor slab at the same elevation in the auxiliary building. At elevations 
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617 ft and 642 ft, the floors were constructed of poured-in-place concrete 
slabs supported by vertical and horizontal braced steel framing. 
are continuous, through the steel floor framings and concrete slabs, with the 
floor slabs at the same elevations in the auxiliary building. The west side 
vertical braced frame, located between the turbine building and the auxiliary 
building and diesel generator rooms, is encased in reinforced concrete walls 
from ground level up to the auxiliary building roof level at elevation 668 ft. 
The other walls above ground, including the wall above the auxiliary building 
roof level, are constructed of fluted metal sidings. 

The slabs 

The roof was constructed of 3 1/2-ih.-thick precast concrete channel slabs 
covered with 1-in. rigid insulation and is supported by braced steel roof 
framing. 
beams, and double-angle diagonal bracings. A minimum of three 7/8-in.- 
diameter bolts and 3/8-in.-thick gusset plates were used for the connections 
of the diagonal bracings. 

The roof framing consists of steel roof girders, wide flange roof 

The lateral force resisting systems of the turbine building are the steel 
braced frames along all four sides of the building. Schedule 40 pipes were 
used as diagonal bracing elements for the braced frames. 
were attached to the girt system of each vertical braced frame to enclose the 
turbine building. 

Fluted metal sidings 

The tee-shaped auxiliary and fuel handling building is structurally continuous 
with the turbine building. A common wall joins the two structures as shown in 
Fig. 7. Structural connectivity between the two buildings is further provided 
by continuous floor slabs at various levels. The diesel generator rooms are 
an integral part of the structural complex. The auxiliary building, the fuel 
handling building, and the diesel generator rooms were all designed as Class I 
structures. 

Above grade, the lateral force resisting system is a combination of braced 
structural steel frames and concrete slabs and walls. Vertical braced steel 
frames were erected on foundaton walls around the periphery of the 
auxiliary-fuel handling building and diesel generator rooms. various diameter 
steel pipe was used for the diagonal bracing. 
frames were then encased in reinforced concrete walls which form the shear 
wall system. The floors are reinforced concrete slabs supported by horizontal 
braced steel framing. At places where heavy floor loads were expected, shear 
studs were used at the top flange of the steel floor beams to achieve a 
composite action. 
rooms were constructed of a poured concrete slab supported by braced steel 
roof framing at elevations 668 ft and 658 ft. 

The entire vertical braced 

The roofs of the auxiliary building and diesel generator 

3.4.2 Turbine Building Failure 

The turbine, auxiliary, fuel handling and diesel generator buildings form a 
single combined structure. Failure of one part of the structure, while not 
necessarily resulting in,failure of the entire complex, will at least 
influence the dynamic response characteristics of the overall building. Since 
no Seismic Category I equipment is located in the turbine building with the 
exception of the 48-in.-diameter service water pipes that are embedded in the 
turbine building base slab, turbine building failure modes were investigated 
only to the extent they could directly cause damage or failure to Category I 
structures or equipment. 

n 
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The lowest potential mode of failure consists of failure of the turbine 
building roof system. There are two horizontal lateral force resisting 
systems in the turbine building roof which are effective in collecting and 
transmitting lateral inertia forces to the vertical shear resisting systems. 
The first system consists of the precast concrete channel slabs. The second 
system is the braced steel roof truss. No positive connection of the roof 
channel slabs to the braced steel roof truss is provided. The roof inertia 
force is transferred to the vertical resisting systems by the roof channel 
slabs only through the friction forces developed between the channel slabs and 
supporting steel members. The channel slabs span in the east-west direction. 

.r Thus, under the east-west direction ground excitations, only half of a channel 
slab weight is effective in producing friction forces and resulting couples to 
transfer the roof inertia force to the end vertical braced frames. Therefore, 
the diaphragm capacity of the first horizontal force resisting system is very 
low, and sliding between adjacent concrete channel slabs and between the slabs 
and roof beams will occur at low acceleration level. However, sufficient 
restraint will be provided by the parapet walls to limit motions of the roof 
slabs and prevent them falling, provided the horizontal roof braced frame 
remains effective. 

The roof braced frame will resist the roof inertia force as soon as sliding 
begins to occur in the roof channel slabs. The steel roof framing system 
consists of roof girders, roof beams, and double angle diagonal bracing 

. members. Due to the high aspect ratio (approximately 5 )  of the turbine 
building, the roof frame is quite flexible. For north-south response, sliding 
of the roof slabs is restrained by a parapet wall. Loss of this restraint 
capacity can be expected at a median acceleration response of the roof of 
approximately 0.7  g. 

For both north-south and east-west.excitation, it is expected that virtually 
all the roof slabs will fall inside the turbine building. 
expected to result in loss of the turbine units as well as possible loss of 
equipment which is located under any open hatches or those with light steel 
gratings under the operating floor. It is not considered possible that 
falling roof slabs could damage the service water pipes. 
framing in both the roof frame and the vertical braced frames may be expected 
to be damaged, it is expected to remain standing after loss of the concrete 
roof slabs. This relatively lightweight structure is then expected to 
withstand substantially higher excitation levels. 

This may be 

Although the steel 

Other modes of failure involving impact between the turbine pedestal and the 
turbine building floor slabs or shear wall failures at the lower elevations of 
the turbine building, while resulting in structural damage to the turbine 
building and equipment within this structure, are'not expected to result in 
damage to any safety-related equipment. Therefore, no fragility curves are 
provided for any of the turbine building failure modes. 

3 . 4 . 3  Auxiliary Building Failure 

The lowest significant structural failure mode for the auxiliary building 
consists of failure of the common shear wall between the auxiliary building 
and the turbine building. 
braced frames are encased in the concrete shear walls and floor and roof 
slabs. With one or two exceptions, no shear connectors or reliable bond 

At elevations above ground level, structural steel 
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between the steel members and concrete exists. Thus, the concrete and steel 
tend to behave as a redundant system. Due to its relative flexibility, the 
steel frame structure carries little load as long as the concrete wall and 
floor system remains intact. Once failure of the concrete occurs, load is 
transferred to the braced frame system. However, the capacity of the steel 
framing is significantly less than that of the concrete so that once failure 
of the concrete occurs, failure of that part of the structure will rapidly 
follow provided there is no redundant structure available to carry the 
redistributed seismic loads. 

This failure is expected to initiate at elevation 592 ft where the composite 
wall construction consisting of braced steel framing with in-fill reinforced 
concrete panels begins. 
column webs to ensure a composite action between the concrete panels and the 
braced steel frame and to provide the continuity of the concrete shear wall 
across the columns. After the common shear wall-braced frame fails, the shear 
load will be redistributed to the remaining shear walls at this story. 
However, because this wall resists a major portion of the load and contributes 
significantly to the story shear capacity, it is expected that failure of the 
remaining shear walls will immediately follow failure of the common wall. The 
median response acceleration capacity for the common turbine/auxiliary building 
shear wall is approximately 1.1 g at node 3006, as shown in Fig. 22. 
choice of reference locations is arbitrary since linear analysis 
was used for response calculations.) 

In this wall, shear studs are welded to the steel 
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Figure 2 2 .  Failure of auxiliary building shear walls due to N-S ground motion. 
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At very slightly above the same median capacity, failures of the outermost 
east-west shear walls (column lines 5 and 35) are expected. Failure of these 
walls is expected to be initiated at elevation 592 ft from north-south 
excitation. Due to the torsional response in the structure, the east-west 
shear walls are highly loaded from north-south excitation. 
of redundant east-west shear walls between the generator rooms as well as the 
auxiliary building at column lines 10 and 20 and other locations that can be 
expected to carry additional loads once the maximum capacity of the outermost 
walls is reached. Thus, although the outermost walls may be expected to reach 
their ultimate capacity and experience substantial cracking, the load will be 
transferred to adjacent walls and collapse of a significant part of the diesel 
generator rooms is not expected until higher levels of response are reached. 
There will then be a sequential failure of the shear walls from the extremities 
of the combined auxiliary building and diesel rooms propagating towards the 
center of the structure. The fragility curve for the diesel generator 
building shear walls from north-south excitation logs shown in Fig. 8. The 
median response acceleration capacity for this mode of failure is expected to 
be approximately 1.1 g at node 3006. 
failure mode were presented in Sec. 2.2.3. 

There are a number 

The details of the analysis of this 

A number of concrete block masonry walls are located throughout the auxiliary 
building. For the most part, these walls are not load-bearing or at most 
support an unloaded concrete slab. 
1-ft-thick concrete blocks, vertically reinforced and grouted. The evaluation 
of these walls was conducted using in-structure response spectra generated in 
the original design analysis scaled up to the response acceleration level 
required to cause failure. 
in loss of function of any attached conduit or equipment but will be quite 
localized and will not affect any other structural member. 
curves associated with masonry walls at elevation 592 ft are shown in 
Fig. 23. The median response acceleration capacity associated with failure of 
the walls is approximately 1.7 g at node 3006. Walls at lower elevations may 
be expected to have higher equivalent ground motion capacity. 

The walls are typically constructed of 

Failure of these walls may be expected to result 

The fragility 

3.4.4 Shear Wall Failure for East-West Excitation 

The auxiliary building, including the diesel generator rooms and the fuel 
storage building, has higher seismic capacity to withstand east-west excitation 
than excitation in the north-south direction. This is because the structure 
is essentially symmetric about the east-west axis and very little torsional 
response results for east-west excitation. 

Failure from east-west excitation is expected to be initiated in the shear 
walls along column lines 17 and 23 at elevation 592 ft. Failure of the walls 
along column lines 17 and 23 may be expected to result in failure of the two 
400,000-gal capacity refueling water storage vaults, which may result in 
flooding of some components in addition to other damage. 
for failure of the auxiliary building shear wall system for east-west 
excitation is shown in Fig. 24. The median expected response acceleration 
capacity for failure due to east-west excitation is approximately 2.7 g at 
node 3006. 

The fragility curve 

/ \  

The roof of the auxiliary building is a 21-in.-thick reinforced concrete slab. 
The lowest capacity failure mode consists of a shear failure of this slab 
along column line P due to north-south excitation. The roof slab is supported 
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on a shelf angle so that only the upper reinforcing steel in the slab is 
effective. Loss of the roof diaphragm results in the requirement that the 
concrete walls resist the lateral inertia force in transverse bending. 

This capacity is relatively low. Failure of the reinforced concrete walls in 
bending about the weak axis then leads to the collapse of the roof. The 
control room equipment at the floor immediately below (elevation 642 ft) will 
be severely damaged by the collapsed roof. The fragility curve corresponding 
to this mode of failure is shown in Fig. 25. The median acceleration response 
capacity is approximately 3.0 g, at node 3006 again assuming no failures 
associated with the previous failure modes have occurred. 

-5 

9 

3.5 Crib House (Intake Structure) 

The crib house of the Zion Nuclear Power Plant is a partially open, box-like 
reinforced concrete structure which acts as a reservoir for the circulating 
water pumps and also houses the circulating water pumps, the service water 
pumps, and the fire pumps. 

3.5.1 Crib House Description 

The structure is founded on a rectangular reinforced concrete slab 6-ft thick, 
170-ft long in the east-west direction, and 179-ft wide in the north-south 
direction. 
intake end of the structure and slopes gently downward to another horizontal 
slab at elevation 537 ft under the pump suction area. A vertical section 
through the crib house is shown in Fig. 26. 

The foundation slab is horizontal at elevation 545 ft on the 
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Figure 25. Failure of auxiliary building roof diaphragm. 
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Figure 26. East-west section of the crib house. 

The circulating water supply flows into the crib house through three 16-ft- 
diam circular intake pipes which extend approximately 2600 ft out into Lake 
Michigan. 
(Fig. 27) form six cells that channel the flow of water into the pump suction 
areas. The longitudinal walls span from the foundation slab to the operating 
floor at elevation 594 ft. 
the crib house, all the longitudinal walls are 3-ft thick. 

At the back or west end of the crib house, longitudinal walls 

Except for one 7-ft-thick wall at the center of 

The operating floor is a 2-ft-thick reinforced concrete slab that covers the 
total width and approximately one-half the length of the crib house. 
operating floor supports six vertical service water pumps spaced equally 
across its width, the two fire pumps, and the reinforced concrete pump 
enclosure. 
roof slab and walls. 
6 in. is shown in Fig. 28. 
in the figure. 

The 

The enclosure was constructed of 18-in.-thick reinforced concrete 
The roof plan of the pump enclosure at elevation 616 ft 

Several large openings in the roof slab are shown 

The circulating water pump room, located under the operating floor and behind 
the service water pumps, houses six vertical circulating water pumps. The 
room is enclosed by three foundation walls (4-ft thick), one 4-ft-thick 
vertical wall, the operating floor, and the floor slab at elevation 552 ft 
3 in. 
walls below which is located the pump suction area. The circulating water 

The pump floor slab (2-ft 9-in. thick) is supported by short vertical 
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pump drives are located on the operating floor directly over the circulating 
water pumps. 

3.5.2 Crib House Failure 

The primary safety-related function of the crib house is to provide a 
reservoir and to house the service water pumps. Thus, only failures that 
would interrupt intake and flow of water or cause failure of the service water 
pumps were considered. 

No reanalysis of the crib house was conducted as part of of the SSMRP. The 
evaluation of the structure fragility levels was based on seismic loads 
developed by Sargent 6r Lundy as part of the original design analyses.22 
In addition to a consideration of the strength and ductility capacities for the 
structure, the design loads were modified as discussed in Sec. 3 . 3  to account 
for expected structure response. 
developed from the Sargent & Lundy model were median-centered based on the 
assumed input. 

The assumption was made that the loads 

The pump enclosure is a 165-ft long by 28-ft wide reinforced concrete box-type 
structure. The enclosure structure is essentially symmetric about the two 
orthogonal directions. Thus, no torsion occurs except that resulting from the 
response of the remaining part of the structure that supports the pump 
enclosure room. Bacause of the unusually high aspect ratio of the roof slab, 
some horizontal response amplification of the roof slab results. 

The lowest capacity failure mode results from loss of the roof diaphragm due 
to east-west response. The roof is somewhat lower in capacity than the north 
and south shear walls of the pump enclosure room due to the large hatches 
provided (Fig. 28). Although hatch covers are provided, the shear capacity is 
reduced. Once the diaphragm capacity is lost, loads are transferred to the 
north and south walls which must resist the east-west roof inertia loads by 
out-of-plane bending. The out-of-plane capacity of these walls is 
substantially less than the roof diaphragm capacity. Consequently, diaphragm 
failure is expected to be followed essentially at the same time by flexural 
failure of the north and south walls with rigid body rocking and vertical 
collapse of the roof structure. 
all the service water pumps. 

Collapse of the roof could result in loss of 

The fragility curves for the crib house are referenced to free field peak 
ground acceleration because responses were determined from design calculations. 
Figure 29 shows the fragility curve for failure of the pump enclosure room 
roof. 

i 

=. 

At ground acceleration levels above that required for failure of the pump 
enclosure roof, failure of various shear walls within the crib house may be 
expected. Failure of these walls can result from north-south and east-west 
response depending on the specific shear walls under consideration. 
north-south response, the north-south intake walls are expected to fail at a 
median ground acceleration capacity of approximately 2.5 g .  
east-west intake walls is expected at a median ground acceleration o f  
approximately 5 .4  g. Failure of the intake end of the structure is expected 
to result in at least partial flow blockage. It is considered unlikely that 
the blockage would completely prevent flow to the service water pumps. 
However, the flow could be partially restricted. 

Under 

Failure of the 
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F i g u r e  29. Fa i lu re  o f  c r i b  h o u s e  pump e n c l o s u r e  roof .  

F a i l u r e  of t h e  g u i d e  w a l l s  under t h e  pump r o o m  (Fig.  2 7 )  from north-south 
response  is expec ted  a t  a median ground a c c e l e r a t i o n  l e v e l  of approximately 
3 . 9  g. F a i l u r e  of t h e s e  w a l l s  may be expected to  r e s u l t  i n  loss of t h e  s e r v i c e  
water pumps and s e r v i c e  water p i p e s  l o c a t e d  w i t h i n  t h e  structure.  I t  should  be 
noted ,  however, t h a t  t h e  median ground a c c e l e r a t i o n  levels d i s c u s s e d  in this 
s e c t i o n  for s h e a r  w a l l  f a i l u r e  are c o n s i d e r e d  ex t remely  improbable.  
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SECTION 4: COMPONENT FRAGILITIES 

The 37 categories for reactor system components were described in Sec. 2. Data 
for computing estimates of fragility for these categories was obtained from d 
variety of sources including actual fragility data, qualification test data, 

combined for each category to obtain a single final fragility curve. Section 
4.1 describes the fragilities of plant-specific components determined from 
design reports, Final Safety Analysis Report data, and qualification tests. 
Section 4.2 describes the fragilities developed from the U.S. Army Corps of 
Engineers SAFEGUARD program data base. Section 4 . 3  describes the development 
of fragilities of piping components using both data and analysis. 
describes an extensive expert opinion survey that covered all the categories 
of equipment. Section 4.5 describes the statistical methods used to combine 
the data of different types and for different modes of the same piece of 
equipment and the weighting scheme used to rank the data. 

I) design calculations, and expert opinion. These data were statistically 

s 

Section 4.4 

Virtually all of the data used for component fragility development have been 
stored in a relational data base on the LLNL computer system. This data base 
and its contents are documented in UCRL-53038, Rev. 1 which is included for 
reference in this report as Appendix E. 

4.1 Plant-Specific Component Data Sources 

A number of different sources of information were used in deriving fragilities 
for plant-specific components, including 

e Design reports for specific equipment. 
Zion Final Safety Analysis report. 

e High Seismic Zone Qualification reports. 
o Specifications for seismic design of equipment. 
8 Westinghouse topical reports. 

Several reports were made available to the Lawrence Livermore National 
Laboratory for plant-specific equipment through Commonwealth Edison and their 
architect,engineer and NSSS supplier. For the most part, the design reports 
for major NSSS items were based on reference design spectra more severe than 
the Zion spectra and were complete engineering reports that both summarized 
and provided details of analyses for seismic qualification. 
reports for non-NSSS items were based on Zion-specific seismic conditions. 
The Final Safety Analysis Report23 provided general seismic design criteria 
and in some instances, summaries of critical stresses, qualification results, 

Most design 

a etc. 

In the case of the reactor protection system electrical and electronic 
equipment , Westinghouse provided a series of WCAP reports24 f 25 that documented 
high seismic zone qualification tests on similar or identical equipment to that 
in the Zion nuclear power plant. The high seismic zone qualification test 
environment exceeded the Zion seismic environment by a large margin. 

9 

Specifications for seismic qualification of equipment were provided. to the 
SSMRP by Sargent ti Lundy, the architect-engineer of the Zion plant. In cases 
where plant-specific qualification reports were not readily available, 
knowledge of the vendor requirements plus fragility and qualification test 
data were combined to develop fragility descriptions. 
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Several re rts summarizing equipment damage during major eathquakes were 
reviewed. 2e37 Most reports do not provide sufficient information to 
determine the extent of the loading experienced by equipment during the seismic 
event. Reference 35 does, however, provide such information and indicates 
that only insignificant failures were present for equipment that experienced 
from 0.5 to 1.8 g spectral acceleration, although most equipment was rigid and 
experienced less than 1.0 g spectral acceleration. This information is 
comforting in that steam plant power mechanical, electrical, and control 
equipment have been demonstrated to withstand an earthquake of 2 to 3 times the 
Zion design basis earthquake, but, since no significant damage was observed on 
equipment typical of nuclear power plant equipment, fragility descriptions 
cannot be concluded from the information. 

Equipment whose fragilities were derived from the Zion-specific data sources 
described above can be conveniently discussed under four separate headings. 

1. Plant specific equipment whose fragility is based on structural 
failure and for which design report data design reports were 
available. 
Plant specific equipment whose fragility is based on functional 
limits and for which design report data design reports were available. 
Structural capacities of equipment derived from knowledge of the 
design specifications and the strength factors of safety inherent in 
the governing codes and standards. 

seismic zone qualification test data. 

- 

2 .  

3 .  

4 .  Structural and functional capaeities of equipment derived from h i g h  

In the following, each of these headings is discussed separately, with a brief 
description of the method and a listing of the components whose fragilities 
were derived by that method. 

4.1.1 Plant-Specific Structural Fragilities Derived 
from Analysis or Design Reports 

Major safety-related equipment items that fail in a structural mode are 
derived in this section. These items are: 

Reactor vessel. 
Reactor vessel internals. 
Control rod drives. 
Steam generator. 
Pressurizer. 
Reactor coolant pump. 
Safety injection pump. 
Residual heat exchanger. 
Component cooling water heat exchanger. 
Accumulator tank. 
Boron injection tank. 
Main steam isolation valve. 
Large motor-operated valves. 
Small motor-operated valves. 
Condensate storage tank. 
Diesel oil storage tank. 
Buried service water pipe from crib house. 
Buried auxiliary feedwater pipe from condensate storage 
Service water pumps. 
Battery racks. 

tank. 
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In development of fragility relationships for these components, the concept of 
Capacity factors and response factors is used. 
factors of conservatism or unconservatism in the design codes, design loading 
and subsystem response calculations, i.e., they are factors of safety above 
the original seismic design bases of the equipment. 
safety are established, the fragility can be derived as the product of these 
factors times the original seismic design basis acceleration or load. 

These factors represent 

Once the factors of 

.) 

In deriving response factors and their variabilities the following parameters 
were considered : 

z. e Qualification method. 
0 Modeling error (frequency and mode shape). 
0 Damping. 
0 Modal response combinations. 
0 Earthquake component combination. 

A detailed presentation of the derivations of these factors and the results 
used by the SSMRP is presented in Chapter 5 of Ref. 9. 

Since the equipment fails in a structural mode, both a strength factor FS, 
based on static strength, and a ductility factor F,,, based on inelastic 
energy absorption, must be considered. The capacity factor FC is then the 
product of the strength and ductility factors, 

In the case of metal structures, the ultimate load or stress is defined as the 
ultimate load capacity under static loading, i.e., that load OK stress at 
which the displacement 'increases without bound for a small additional increase 
in load. In deriving median capacities, a concerted effort was made to be 
realistic about capacities and, as such, average material properties were used 
and larger deformation capability and strain hardening, where feasible, were 
considered in order to get a best estimate of the median structural capacity. 

The strength factor FS is derived from the equation: 

- 
Fs - 

D 'D P 

'T 'N - - -  
pD 'D 

? 

where Pc is the median collapse load or stress and is taken as the limit 
load, PN is the normal operating load or stress, PT is the total normal 
plus seismic load or stress, and PD is the code design allowable load or 
stress. 
fragilities except that all terms on the right hand side are divided by PD, 
because, in many instances, design reports provided the exact values for use 
in Eq. (17). Some variability is assigned to each term in this equation to 
account for the range of material properties and the uncertainty in actual 
loading . 

3 

This is the same as the equation used in developing the building 
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For structures that respond in the amplified response region of the design 
spectrum, the ductility factor FW, introduced in Sec. 3.2.3, is applied. 
The value is taken from the simplified relation 

F , , = m .  (18) 

For equipment that is considered rigid, i.e., fails without yielding, the 
ductility factor is taken as 1.0, i.e., the earthquake loading behaves the 
same as a static load and no credit can be taken for inelastic energy 
absorption. 

Due to the large number of components whose fragility was derived by this 
approach, not all derivations are reported in detail. The steam generator 
capacity calculation presented below is typical of this method of generating 
fragility descriptions. 

Steam Generator. Review of Ref. 38 indicates that for a conservative response 
spectrum the seismic stresses are less than yield for all components of the 
steam generator. The steam generator tubes, per Ref. 38, are the most 
critical item of the steam generator assembly. 
analysis, the tubes would not yield until the spectral acceleration at the 
system fundamental frequency was about 5 g's. 

Based upon the design 

Q 4.17-1 from R e f .  23 indicates that the NSSS component supports were limited 
to yield for normal plus DBE loads. 
that for Zion the steam generator support columns are the most critically 
stressed item, with the normal and DBE loads consuming 32 and 38% of the 
faulted condition allowable, respectively. 

Information from Westinghouse indicated 

The construction material is ASTM A-588 with a 50 ksi minimum yield. 
Considering the median yield strength to be about 1.25 times the specified 
minimum, and assuming this to be the limit load, then applying Eq. (17) with 
the above stated stress levels, the strength factor is computed to be 

FS = 2.45 . 
The variability in this strength factor is due to variability in the yield 
strength. The yield strength for austenitic stainless steel, specified in the 
ASME Code, is, per Ref. 39, about 1.65 standard deviations below the average 
value, corresponding to the 95% nonexceedance value, i.e., 95% of the data 
fall above the code specified value. Material strengths tend to be more 
lognormal than normal; thus, it was assumed that the coefficient of variation, 
from Ref. 39, for yield strength is applicable to a lognormal distribution. 
Reference 39 indicates that the average yield strength of austenitic stainless 
steel is about 25% above the code specified value. Considering the average 
yield strength to be an approximate median value, the logarithmic standard 
deviation on material strength is computed to be 0.14. The random scatter of 
yield strength within any given heat is considered to have a logarithmic 
standard deviation of approximately 0.1 and the uncertainty of the median 
yield strength from heat to heat, expressed as a logarithmic standard 
deviation, is considered to be approximately 0.1, thus 

n 

8, = 0.14 , 
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B R  = 0.1 , 

BU = 0.1 . 
Reference 4 recommends that for design of members loaded primarily in 
compression the ductility should range from about 1.5 to 3.0. 
design values, 3.0 is considered to be about a median value and 1.5 to be 
approximately a minus 2 logarithmic standard deviation value. 

Since these are 

Applying Eq. (18), the median factor for ductility is 

Fu = 2.24 . 
Considering the range of ductility from 1.5 to 3 as representing 2 logarithmic 
standard deviations and considering the uncertainty in the application of 
Eq. (18), the variability can be defined as 

8,  = 0.31 , 

B, = 0.29 . 
Combining factors and logarithmic standard deviations, the overall capacity 
factor is 

Multiplying the computed factor times the original design spectral 
acceleration €or the DBE results in a median capacity of 3.3 g Sa at the 
5 Hz fundamental NSSS system frequency. The resulting fragility parameter is 
spectral acceleration at 5 Hz at the steam generator support at elevation 590 
ft of the reactor building. 

G 4.1.2 Plant-Specific Functional Capacities Derived from Design Reports 

Major equipment items whose failure modes are functional rather than 
structural, are addressed in this section. Equipment whose fragility was 

5 derived based on functional failure derived from design reports are: 
e Containment fan coolers. 
0 Residual heat removal pumps. 
0 Centrifugal changing pumps. 

In addressing functional failure modes, ductility (i.e., inelastic energy 
absorption) is not a consideration since the functional limits may be within 
the realm of subsystem elastic response. As an example, the calculation of 
the fragility of the residual heat removal (RHR) pumps is presented. 
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Residual Heat Removal Pumps (RHR) The RHR pumps in Zion were analyzed for 
seismic loading as part of a system dynamic model that included attached 
piping. A generic response spectrum was used. The two most critical areas 
were identified as the pump holddown bolts and the impeller deflection. 
minimum factor of safety was associated with impeller deflection. 

The 

The calculated deflection was 0.0099 in. and the stated allowable was 
0.0105 in. Tolerances are not known; thus, it was assumed that the worst case 
tolerance stack-up, equivalent to a -38 value, resulted in the minimum 
allowable deflection of 0.0105 in. Considering the size of the impeller, the 
method of fabrication of the impeller and pump housing and normal machine shop 
tolerances, the median clearance is estimated to be 0.0145 in. The resulting 
median factor on capacity is 1.46 with a logarithmic standard deviation BC, 
approximately equal to 0.11. The resulting variability is primarily 
uncertainty in the actual clearance in each unit with a small contribution due 
to randomness inherent in the clearance under operating conditions. The 
estimated variabilities due to randomness and uncertainty are 

8, = 0.05 , B U  = 0.10 . 
Multiplying the safety factor times the design spectral acceleration, at the 
equipment fundamental frequency of 7 Hz, results in a median spectral 
acceleration capacity of 3.2 g. 
with a median value of 11.7 g spectral acceleration at 7 Hz. Thus, the RHR 
pump fragility is determined by the deflection of the impeller. 

The mounting bolt capacity is much greater, 

4.1.3 Fragilities Based on Generic Code Specifications 

For several components, detailed information on stresses, deflections, bearing 
loads, etc., was not readily available, and fragility relations had to be 
derived from a knowledge of design criteria. In this section, the method of 
developing fragility relations solely from design criteria for equipment whose 
failure modes are structural is described. This method was used for: 

e Large vertical vessels with formed heads. 
e 
o Small-to-medium vessels and heat exchangers. 
0 Ducting. 

Large horizontal vessels and heat exchangers. 

This method of deriving fragilities is based on the fact that, during the era 
in which the Zion plant was designed, the seismic design of passive equipment 
(i.e., equipment for which structural rather than functional failure is of 
concern) was based on loads in the equipment support. The ASME code working 
stress level for carbon steel is the lesser of 5/8 of the yield strength or 
1/4 of the ultimate strength. Assuming a common carbon steel such as 
SA 516-GR 60 an allowable stress of 1/4 of the ultimate stress at operating 
base earthquake (OBE) accelerations (which for Zion was 0.085 g peak ground 
acceleration) would be 15 ksi. The median acceleration at failure is computed 
using the general approach and equations presented in Sec. 3.2. 

The equation for computing the strength factor is modified slightly, as 
follows for convenience: 

a a 
1 im dead -- - 

a a 

a 
- design design 

seismic FS - 

"des ign 
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The typical steel that was assumed (SA 516-GR 60)  has a median yield strength 
of approximately 4 0  k s i .  

The normal stress is considered to range from 5 to 35% of the allowable design 
stress and the seismic stress may range on the order of 20 to 80% of the 
allowable stress. These were assumed to be plus or minus 2/3 values on a 
lognormal distribution. Median values of these ranges are then about 13% for 
normal stress and 40% for seismic stress. Using Eq. (19) the median strength 
factor is 

40 - - 0.13 15 
0.4 = 6.33 . (FS) = 

The logarithmic standard deviations of each of the variables can be combined 
by the second moment method (Ref. 40) to develop an approximate variance on 
the strength factor. The mean and variance of a function of lognormal 
variables can be derived utilizing the moments (i.e., the mean and variance) 
of the basic lognormal variables. The resulting equation for the standard 
deviation of the strength factor is 

R =  r (u2 lim B 2  lim ) + (‘lim - u  dead 1’ (’seismic 
c - u  lim dead U 

The logarithmic standard deviation of the yield strength is known to be about 
0.14. If the seismic load range is considered to be a plus or minus 2B 
range (i.e., a range of 4B), the log-standard deviation is computed by 

4 B  = En 0.8 - Ln 0.2 , 

Ln 0.8 - Rn 0.2 
4 = 0.35 . B =  

Using the same assumptions, the 8 on the normal load is computed to be 
approximately 0.5. Applying the second moment theorem to the median values of 
the variables and their respective uncertainties, the log-standard deviation 
on strength is computed to be 

2 2 2 2 2 
- J(40) (0.14) + ( 4 0  - 1.95) (0 .35 )2  + (1.95) (0.5) 

* s  - 4 0  - 1.95 

It remains to consider median and B values for the ductility factor F,. 
Values for this factor were taken from Newmark,4 who recommended 

F, = 1.41 , 

3, = 0.26 , 
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for light equipment and 

Fu = 1.73 , 
8, = 0.28 , 

for heavy equipment. 

The median acceleration at failure can now be computed for any given design 
acceleration. 
building and floor to floor, the acceleration capacities would likewise 
vary. Since the fundamental frequency is not known for the equipment, 
capacities can be referenced to the zero period acceleration of the applicable 
floor spectra. Most of the equipment is sufficiently rigid that the 
fundamental frequency would not coincide with high amplification regions of 
the response spectra and using the zero period acceleration as the fragility 
parameter is justified. Table 6 lists the zero period acceleration capacities 
and variabilities of equipment that fail in a structural mode. 

Since the specified design acceleration varied from building to 

Table 6. Fragility description for vessels and heat exchangers. 

Building and floor Design Failure acceleration (9) 
elevation (ft) ZPA Light Heavy 

Crib house 

552 
59 4 

Auxiliary/turbine building 

642 
63 0 
6 17 
592 
580 
560 
542 

Containment building 

617 
590 
582 
568 

0.11 
0.21 

0.98 
1.88 

0.25 2.24 
0.20 1.79 
0.17 1.52 
0.12 1.07 
0.10 0.90 
0.08 0.72 
0.08 0.72 

0.13 
0.13 
0.08 
0.08 

1.16 
1.16 
0.72 
0.72 

1.20 
2.30 

2.74 
2.19 
1.86 
1.32 
1.10 
0.88 
0.88 

1.42 
1.42 
0.88 
0.88 

Outdoor equipment 0.08 0.72 0.88 
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4.2 Fragilities Derived from Test Data 

Actual testing to failure data (fragility data) is rare. The bulk of the 
testing performed on nuclear components is for the purpose of qualifying the 
component to a specified seismic loading level. 
utilized in constructing fragility curves for the following items: 

Four sets of data were 

1. Westinghouse high seismic zone qualification test data was used for 
developing fragilities for the reactor protection system electrical 
and electronic equipment, and also for the static inverters. 
A series of dynamic tests on cable tray systems of various 
configurations was used to generate a generic cable tray fragility 
relation. 

3. Data from the U . S .  Army SAFEGUARD Missile Site Hardening Program were 
used to generate fragilities for the following generic categories: 

2. 

0 

0 

0 

9 

0 

0 

e 
Q 

0 

e 
9 

e 
e 
0 

In 

Pumps and compressors. 
Large hydraulic and air-operated valves. 
Large check, spring, and manual valves. 
Miscellaneous small valves. 
Swi tchgear . 
Batteries and racks. 
Tr ans f or me r s . 
Local instruments. 
Instrument panels and racks. 
Auxiliary relay cabinets. 
Motor control centers. 
Breakers. 
Relays. 
Air handling units. 
these tests, the acceleration levels were increased in steps, and - -  

equipment function was monitored. Hence, these were actual fragility 
tests. 

insulators was determined from a review of insulator failures in six 
major earthquakes. 

4 .  Although not test data per se, the fragility of the ceramic 

Following is a description of each of these tests and the methods used to 
develop fragility relations from the data. 
performed by Structural Mechanics Associates, Inc., and complete details are 
presented in Ref. 36. 

Analysis of these tests was 

4.2.1 Fragilities Derived from Tests for Higher Seismic Zones 

Reactor protection system electrical and electronic equipment, plus the static 
inverters, have been qualified by Westinghouse for high seismic zone 
environments significantly greater than the Zion seismic environment specified 
for the auxiliary building at elevation 642 ft. References 22 and 23 document 
the high seismic zone tests. 

Here, a factor of safety need not be derived since the fragility description 
was derived directly. The fragility parameter is spectral acceleration for a 
frequency range of 5 to 10 Hz and a t  a median damping value of 5%. 

Testing was conducted using the sine beat method to excite a single axis at a 
time. The input level varied with frequency, but in the predominant frequency 
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range of the electrical equipment cabinets (5 to 10 Hz), the input 
acceleration was 1.5 g. 
sine beat testing, wherein the sine waves would increase in amplitude for 
5 cycles then decrease for the remaining 5 cycles. Median damping, as 
suggested by Ref. 38 ,  is about 5%. This is further verified by examining 
response to similar equipment tested in the SAFEGUARD pr0gram.l' 
damping, the 10-cycle input has an amplification factor of about 7.6, resulting 
in approximately an 11.4 g response, i.e., the response spectrum from 5 to 
10 Hz has a spectral accleration of 11.4 g. 

Ten sine waves per beat were typically used in the 

At 5% 

P 

No failures were observed at this test level. In the case of the static 
inverter, when the input acceleration was increased by a factor of d 2  a minor 
malfunction was observed. Other equipment was not tested at higher levels so 
that a fragility level was not experimentally determined. 

s 

A single qualification test does not provide much insight into fragility 
levels; however,. when a number of different items of the same generic type 
survive a qualification level, then there is reason to believe that the 
qualification level is in the lower tail of the fragility curve, but the exact 
fragility level is still indeterminate. Engineering judgments as to the median 
fragility and its variability must, therefore, be made. 

Since a Jz increase in one test article caused minor malfunctions, where 
several test articles functioned without incident at the specified test level, 
it was assumed that the specified spectral acceleration of 11.4 g was about 
minus one logarithmic standard deviation below the median and that the median 

7 is approximately Jz above the specified test level of 11.4 g spectral 
acceleration. The fragility level was then established at 16.1 g spectral 
acceleration with a logarithmic standard deviation of 0.35. 
to the variability due to randomness, BR, is estimated to be about 0.2 
with the uncertainty, BU, equal to about 0.29. 

i* 
, The contribution 

4.2.2 Cable Tray Qualification Tests 

Reference 42 reports results of extensive dynamic testing conducted on cable 
tray systems. Some general conclusions regarding cable tray capacities are 
reached in the paper that indicate large seismic capacities. The large 
capacities result, in a significant part, to the large amount of damping 
measured in cable tray systems. 

The cable tray tests were conducted on a biaxial shake table. Regulatory 
Guide 1.60 spectral shapes were used in synthesizing the time history inputs. 
In some 2,000 tests at ZPA input levels of 1 to 3 g, no functional failures or 
complete structural failures occurred in strut-supported cable tray systems. 
Rod-supported systems had significantly lower capacity; however, in accordance 
with Zion specifications for cable tray systems, all safety-related systems 
were designed with bracing to resist seismic loading, such that the rod- 
supported cable tray system tests are not considered applicable to Zion safety- 
related systems. Rod-supported trays do exist in the plant but, as previously 
stated, they are not safety related and are not considered in this analysis. 

Assuming conservatively that 3 g ZPA is the approximate median capacity and 
the 1 g lower test level to be about a -28 value, the computed logarithmic 
standard deviation on capacity is about 0.55 which is about what would be 

n 
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expected for such a generic treatment of capacity. 
systems are in the cable spreading room which is located fairly high in the 
auxiliary building at elevation 630 ft. 
630 ft is about 0.36 g, resulting in a capacity factor of about 8.33. The 
logarithmic standard deviation on that factor is about 0.55, of which B R  
is estimated to be 0.3, with B~ 0.46. The fragility parameter specified 
for cable trays will be the zero period acceleration at the floor level under 
consideration. 

Most of the critical cable 

The ZPA for the DBE at elevation 

4.2.3 Fragilities Derived from SAFEGUARD Program Test Data 

In the SAFEGUARD program, a comprehensive series of tests was undertaken to 
demonstrate reliability of power and process equipment used in hardened radar 
installations. Reference 41 summarizes the results of this program. 
References 43 and 44 portray the methodology utilized to assure reliability of 
the equipment when subjected to severe ground shocks due to nuclear weapons 
effects. 

In the SAFEGUARD program, off-the-shelf equipment was procured rather than 
specially engineered equipment qualified for shock and vibration 
environments. The equipment was very similar to that installed in nuclear 
power plants and was procured in the same time frame as the Zion equipment. 
Consequently, the test performance of SAFEGUARD equipment should be indicative 
of the balance of nuclear power plant equipment purchased approximately 
10 years ago. Some 400 component and system tests were conducted in support 
of the qualification of some 30,000 critical items in the SAFEGUARD 
installation. The program plan and methodology for assuring reliability of 
untested equipment are contained in Ref. 45. 

Initially, in the SAFEGUARD program, fragility testing was conducted for 
selected equipment items. This proved to be very costly and further testing 
was restricted to go, no-go qualification testing. Thus, the resulting data 
base consists predominantly of shock test results of equipment for which no 
permanent functional failure occurred. In many of the tests, electrical 
malfunctions occurred that were only temporary or intermittent. In many 
cases, at the shock test levels applied, structural damage or functional 
anomalies noted would appear to be near the fragility level. In other cases, 
however, no evidence of damage or functional anomalies was present. 

In the SAFEGUARD test program, items were excited on a shaker table to a 
prescribed spectrum corresponding to in-structure response spectra at various 
equipment locations. The tests were single-directional, and the maximum 
acceleration level was approached in (typically) four steps. The prescribed 
spectra were not typical of earthquake spectra in that the test spectra 
emphasized the high frequency, high-spectral acceleration response typical of 
blast loading. Maximum acceleration levels were typically up to 15 or 20 g. 
Figure 30 illustrates a typical test spectrum. Note that it contains very 
little input below 5 Hz. Thus, the resulting shock test data are not 
applicable to (nor were they used for) equipment whose lowest natural 
frequency is near or below 5 Hz. 

After examination of the data base, it was concluded that two separate 
methodologies should be applied to develop fragility relationships for generic 
classes of equipment. For equipment that is not complex, and for which the 
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generic test data generally indicated no functional anomalies, a pseudo- 
probabilistic methodology developed by the U.S. Corps of Engineers was 
applied. This methodology requires detailed comparisons between construction 
details of the items tested and the item whose fragility level is being 
sought. This approach could be used for a number of items of interest to the 
S S M R P .  

9 For complex electrical and control equipment, such detailed comparisons of 
Zion equipment construction features to the tested equipment were not feasible 
within the resources of the SSMRP. Thus, a different methodology was devised 
to utilize the test data to develop fragility descriptions. The tests of 
electrical instrumentation and control equipment often resulted in functional 
anomalies, such as relay chatter and breaker trip, which were common to many 
generic classes of equipment. The data were, consequently, used to develop 
fragility descriptions by failure mode, which can be combined for several 
generic classes of equipment. For purposes of abbreviated reference to the 
applicable methodology, the application of the Corps of Engineers methodology 
is referred to as Method A and the development of fragility descriptions by 
failure mode is referred to as Method B. 

Fragility descriptions for the following generic categories of equipment were 
developed by the methods indicated. 

Method A Method B 

Large hydraulic and air-operated valves 
Large check and spring relief valves Instrument panels and racks 
Small miscellaneous valves Control panel and racks 
Batteries Relay cabinets 
Transformers Motor control centers 
Local instruments Breaker panels 
Air conditioning and air handling units 
Pumps and compressors 

Switchgear 

4.2.3.1 Methodology A 

The objective of the SAFEGUARDS program was to assure a 97.7% or greater 
probability of survival for the anticipated blast shock environment. 
quantitatively evaluated by computing the ratio 

This was 

fl f2 f3 f* 
V 
E + 3a 

H =  
V 

E 

in which (E + 3aE) is the 3a upper limit to the anticipated blast shock 
environment and the achieved lower test level is the lowest level of 
acceleration at which failure was found in the tested piece of equipment. The 
scaling factors based on engineering judgment, defined as 

fl = Achieved lower acceleration level of test. 

f2 = Similarity of component to be qualified to tested component. 
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f3 = Similarity of test conditions to actual expected conditions of 
component to be qualified. 

n 
f4 = Performance of tested component. 

Based on unpublished data, it was concluded that if the Hv ratio was greater 
than 1, the desired probability of survival requirement was met. Detailed 
procedures were presented for quantifying the scaling factors and their upper 
3a limits. 4 5  

The numerator in the Hv ratio is thus a measure of fragility, and this was 
used for Phase I of the SSMRP. 
was defined by this method are presented in Table 7. For more details, the 
reader is referred to Kennedy.’ 

The results for the equipment whose fragility 

4.2.3.2 Methodology B 

This methodology was utilized to analyze the test results for electrical 
equipment, including relays, circuit breakers, switchgear, etc. This was 
necessitated because failure of these components was observed to be 
predominantly functional, and for some components, failure was intermittent. 
That is, the unit might fail to function at one acceleration level, but then 
function properly at the next higher acceleration level. 

The predominant failure modes observed in all electrical and control equipment 
were relay chatter and breaker trip. Neither of these failure modes results, 
in all cases, in failure of the equipment to perform its intended function. 
Relay chatter is a functional failure mode that is self-correcting after the 
vibratory earthquake motion ceases. In this case, the function of the system 
is interrupted for a few seconds. Relay or breaker trip is a functional 
failure mode that requires manual or remote electrical reset and can 
potentially interrupt function for minutes or hours. 

The general trend of the shock test results on electrical and control 
equipment was to experience relay chatter at the lower test levels on some 
equipment but not all. There was an order of magnitude in the relay chatter 
threshold over the range of equipment tested. Breaker trip resulted in many 
tests but usually at higher acceleration levels than relay chatter. 

The relay chatter and breaker trip test results were, unfortunately, not 
completely logical. Frequently, functional failures would occur at one test 
level but not at twice that level. This behavior prevents direct calculations 
of cumulative failure distributions. Since the failure modes of relay chatter 
and breaker trip were common to several generic categories of equipment, it 
was decided to combine all test data to increase the data base and result in 
more representative cumulative distribution functions for failure modes common 
to several generic categories of equipment. 

In addition, fragility relationships for permanent structural damage failure 
modes were developed for individual generic categories of equipment. Thus, 
three failure modes were then available for each generic category of electrical 
and control equipment: relay chatter, breaker trip, and structural failure. 

In applying the Corps of Engineers test results to develop generic fragility 
relationships for electrical and control equipment by failure modes, it must 

78 



:* 3 
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Table 7. Summary of f factors. 

Upper bound 
of fragility 
f o f  *f -f f2 f3 f4 Upper Upper Upper Upper 'U 2~ 3~ 4~ fl Generic category 

1. Large hydraulic and 26.8 1.1 2.0 1.15 67 .8  ~. 

air-operated valves 

2. Large check and spring 
relief valves 

3. Small miscellaneous valves 

4. Batteries 

5. Transformers 

6. Local instruments 

4 7. Air conditioning and W air handling units 
(structural failure) 

8. .Air conditioning and 
air handling units 
(fan failure) 

9.  Pumps and compressors 

30.0 

30.0 

5.36 

13.34 

32.8 

10.66 

28.8 

30.0 

1.1 

1.1 

1.15 

1.10 

1.15 

1.3 

1.1 

1.2 

2.0 1.15 

2 .0  1.15 

1 .o 1 .o 

1.2 1.0 

2.0 1 .o 

1.2 1.0 

1.2 1.0 

1.2 1.0 

75.9 

75.9 

6 .2  

17.6 

75.4 

16.6 

38.0 

43.2 

Lower bound 
of franilitv 

6.4 0.85 0 . 7  1 .0  3 .8  

6.0 0.85 0.7 1.0 3.6 

6 .0  0.85 0.7 1.0 3.6 

5.36 0.85 1 .o 0.5 2 . 3  

6.63 0.85 0 .8  0.9 4.1 

4.7 0.85 0.7 1.0 2.8 

6.7 0.75 0 . 8  0 . 7 1  2.9 

13.4 0.9 0 . 8  0.7 6.8 

17.4 0 . 8  0 .8  0 .9  10.0 

Note 1: fl = achieved test level (acceleration, g). 
Note 2: The upper and lower bounds on fragility are taken at +3a limits based on unpublished SAFEGUARD program data. 



be kept in mind that the equipment was subjected to predetermined levels of 
shock spectra and the percentage of component failures for different failure 
modes was observed for each shock spectrum level. It should also be borne in 
mind that, in most cases, permanent damage did not occur and that higher test 
levels could be achieved on the same equipment. Finally, the test shock 
spectra were usually flat over a wide frequency range so that spectral 
acceleration at the estimated fundamental frequency of the equipment is the 
fragility parameter of interest. 

The unconditional probabilities of failure may be computed by introducing the 
idea of a "hazard" or "risk" function. If f(x) is the probability density 
function (pdf) of failure at acceleration level x, and 

is the cumulative distribution function (cdf) of failure, then the risk 
(hazard) function is defined as 

and inversely 

By definition, x(x)dx is the probability of failure in the interval x to 
x + dx, given that the equipment is operable up to level x. 

Because of the intermittent nature of the failures observed, the percentage of 
units failing at each test level cannot strictly be identified with X(x). 
However, as an engineering approximation, it was assumed that h(x) could be 
derived from the percentage of failure data, and that the two were proportional 
to one another for all acceleration levels. The unknown constant of 
proportionality is found using the fact that, at the lowest test level at 
which a failure occurs, the cdf of failure F(x) equals the observed percentage 
of failure at that level. 

To illustrate this process, consider the data from a four-level test of a 
single piece of equipment: 

Level Acceleration (9) Ratio of failures 

1.65 
3.32 
4.97 
6 . 6 3  

0 . 3 3  
0.00 
0.00 
0.30 
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Figure 31. Observed failures. 

This data is plotted in Fig. 31, and are assumed to vary linearly between the 
data points. Since X(x) is assumed proportional to the percentage of 
failure, we can write 

where $(XI is the observed ratio of failures (percentage of items failing) 
and C is an unknown constant of proportionality. In the first interval then, 

X(x) = c ( s )  x , 

where x is the acceleration. Substituting this into Eq. (21) gives 

which is o n l y  valid in the first acceleration interval. Then, within the 
resolution of the data, 

F(1.65) = +(1.65) , 

and hence one can solve Eq. (22) directly for C giving C = 1.47. This constant 
of proportionality is assumed to hold €or all acceleration levels, so X(x) is 
as shown in Fig. 32. 

Finally, using X(x) and Eq. (21), one can directly compute F(x) for all higher 
test accelerations. F(x) is then the desired fragility curve, and for this case 
is as shown in Fig. 33, 

This process was repeated for 16 sets of data on relay chatter, and for 17 sets 
of data on breaker trip, and the resulting cdf's were then averaged and put in 
lognormal distributional form to obtain final fragility functions for relay 
chatter and breaker trip, respectively. These two fragility curves are shown in 
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Spectral acceleration (9) 

Figure 32. Risk €unction. 

Fig. 34. The structural failure fragility curve (which could be derived by 
standard methods) is also shown on this figure. 

4 . 3  Pipinq 

The generic category for piping includes not only straight pipe but also elbows, 
miters, butt welds, and both reinforced and unreinforced branches. Carbon steel 
and stainless steel are typically used? so both of these materials were 
considered. 
operation. Because of these widely varying conditions, sizes, and 
configurations, it was decided not to develop separate fragility curves for each 
possible combination, but instead to develop a single master fragility curve for 
one piping component, and then relate the fragility of all other piping 
components to the master curve by means of scaling factors dependent on size, 
configurations, material, and temperature. The independent variable is taken as 
the moment in the pipe. Thus 

Pipe operating temperatures vary from ambient to 600°F in normal 

1 - -  - 
k F a  i 1) i th Component Bi (MFail)rtefe r ence Component , 

" 0 1 2 3 4 5 6 7  
Spectral acceleration (9) 

Figure 33.  Cumulative distribution 
function. 

n 

82 



1 .o 
- 5 0.8 

0.6 

a 

.- 
(D 

0 

"0 5 10 15 20 
Spectral acceleration (9) at 8 Hz 

n 

Figure 34.  Fragility comparison for 
electrical and control equipment. 

where $i is the scale factor. Thus, in application it is only necessary to 
multiply the computed moment for any component by its scale factor, and then use 
the master fragility curve to compute the probability of failure using the scaled 
moment . 
Development of these fragility curves was based on available data and use of 
scaling relations (based on theoretical considerations) to relate piping 
configurations of different sizes to those for which data is available. For 
straight pipe and butt welds, scaling was based on the equation for plastic 
collapse moment, derived from limit analysis, 

where K is the shape factor, Z is the section modulus, and a is the yield 
stress. The shape factor K is determined from experiment or can be estimated 
analytically from the cross-section geometry and material constitutive 
relations. From test data (Refs. 46-52) covering a wide range of diameter to 
thickness ratios, a median value of K = 1.5 was determined. Values for K ranged 
from 1.4 to greater than 2.8 depending upon the diameter to thickness ratio, 
material, strain hardening exponent, and definition of collapse with 1.5 being a 
representative value. 
the code specified yield stress. Thus, scaling was performed using 

Y 

The median value of ay was estimated as 1.25 times 

where A and B refer to two different sizes of the same configuration. 
relationship assumes elastic, perfectly plastic behavior and does not consider 
buckling and dynamic effects. 

This 

For elbows, branches, tees, and miters, scaling was performed using ASME Section 
I11 Code stress intensification factors. For these factors, 
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where i is the stress intensification factor. Rewriting this as,a scaling 
relation yields 

In this case, the reference moment MB was experimentally determined. 
intensification factors were taken directly from ASME Section I11 tables. 

Stress 

Once static collapse moments are obtained from data or analysis and by use of 
E q s .  ( 2 4 )  and ( 2 5 ) ,  the dynamic collapse moment is obtained by multiplying 
t h e  static moments by the previously defined ductility factor F 
Eq. (12) I .  
factor of 3 was found to be appropriate for straight pipe and elbows, while a 
factor of 2 was determined for butt welds, tees, and miters. 

[see 
Based on a review of data reported in Refs. 53 and !4, a ductility 

Finally, the dynamic collapse moments were related to the collapse moment of 
one single component to determine the Bi  factors using Eq. (23). 
reference component was taken to be a butt weld in a 6-in. Schedule 160 carbon 
steel pipe. A listing of all the derived B factors is presented in Table 8. 
For complete details, see Kennedy. 

The 

Capacity of Reference Pipe Element 

A 6-in. Schedule 160 carbon steel butt weld pipe joint was selected as the 
basis for the master fragility relationship. Base material was considered to 
be A-106 B at room temperature with a code specified yield strength of 35 ksi 
and a specified ultimate strength of 60 ksi. The specified strengths are 
considered to be 95% nonexceedance values corresponding to 1.65 standard 
deviations below the average strengths. Average strength is not specified in 
the ASME code but is typically about 25% above the specified value (Ref. 3 8 ) .  

A lognormal representation of material strength was assumed. 
yield strength is approximately 25% above the code specified strength and the 
code specified strength is a 95% nonexceedance value, the logarithmic standard 
deviation is about 0.14. 

If the median 

In developing the range of strength for the reference pipe element an 
analytical limit type analysis procedure was utilized to develop upper and 
lower values of moment capacity accounting for strain-hardening affects and 
accounting for a low probability that a large flaw could exist. 

The upper value of moment capacity was developed based upon a procedure in the 
Zion FSAR amendments, Q 4-45-3, wherein the limit moment capacity is derived 
from integration of the stress field over the pipe cross section, assuming the 
outer fibers to be at the material ultimate strength with the neutral axis at 
the material yield strength. The derived upper value limit moment capacity is 
1.65 X lo6 in.-lb. 
logarithmic standard deviation above the median. 

This value is considered to be approximately one 

A lower bound capacity was derived by a limit analysis procedure documented in 
Appendix B of Ref. 55. A through-wall elliptical flaw of length equal to six 
times the wall thickness was assumed. A new neutral axis was derived €or the 
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Table 8. Pipe f i t t i n g s  and load scale ( 9 )  factors.  
__ -_________ 
Temperature Unr e i n  f orceda S t r a i g h t  A u t t  F.einforcec! 

p ipe  welds b r a n c  h e s b!ater i a l  ( O F )  branches Flbows Miters S i z e  ( i n . )  Schedule 
-___ - - - - ~ _ I _ _  

-_I 

FP* F F 
PR 

F 
P R  PR 

3/4 

1 

2 
2 

3 
3 
3 
3 

m 
ul 

3x3x1/2  
3X3X3/4 
3 x 3 ~  2 
3X3X3 

4X4X3/4 
4 x 4 ~ 1  
4 x 4 ~ 2  
4X4X3 
4X4X4 
4X4X4 
4X4X4 
4X4X4 

1 6 0  

1 6 0  

1 6 0  

1 6 0  
40 

1 6 0  
1 6 0  
1 6 0  
1 6 0  

1 6 0  
1 6 0  
1 6 0  
1 6 0  

.- 4 0 s  
4 0 s  
4 0 s  
1 2 0  
1 2 0  
1 2 0  
1 6 0  
1 6 0  

1 6 0  
1 6 0  
1 6 0  
1 6 0  
4 0 s  
1 2 0  
1 2 0  
1 2 0  

S t a i n l e s s  s t e e l  

S t a i n l e s s  s t e e l  

S t a i n l e s s  s t e e l  

S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  

Carbon s t e e l  
Carbon s t e e l  
s t a i n l e s s  s t e e l  
Carbon s t e e l  

s t a i n l e s s  s t e e l  
S t a h l e s s  s t e e l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  

S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  
Carbon s tee l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  

S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  
Carbon s t e e l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t e e l  

300  

300  

300 

300 
500 

n m b i e n t  
1 4 0  
300  
556 

300  
300 
300  
300  

2 0 0  
300  
500  
1 4 0  
300 
53  5 
3 0 0  
5 3 5  

300 
300  
300 
300  
500 
1 4 0  
300 
5 3 5  

t l f l  

NA 

N A 

N A 
1.1 A 

PA 
N A  
NA 
N A  

9 .62  
9 . 6 2  
1 0 . 0  
1 0 . 0  

NA 
NA 
NA 
NA 
NA 
NA 
N A  
IJA 

4.57  
4 .57  
5 .15  
5 . 1 5  
21 .0  
4 .74  
6 . 7 2  
8 . 2 1  

L‘JA 

N A  

B A 

NA 
VA 

E.1 A 
NA 
NA 
Fl A 

480 
254 
27 .0  
1 0 . 0  

NA 
N A 
N A  
WA 
tJ A 
NA 
N A 
NA 

254 
1 3 5  
27 .0  
9 .64  
21 .0  
4 .74  
6 . 7 2  
8 . 2 1  

492 

259 

1 3 8  

27 .7  
1 0 7  

4 .8  
4 .93  
9 .85  
6 .24  

NA 
N A  
NA 
1.lA 

1 5 . 8 1  
1 7 . 6 5  
20 .54  
3 .35  
6 .47  
7 .72  
4 .87  
5 .97  

N A  
NA 
NA 
N A  
NA 
NA 
N A  
N P  

NA 

N a. 

MA 

N P 
NA 

NA 
NA 
NA 
N A  

N P  
P A  
N P  
b1 A 

NA 
NA 
NA 
NA 
NA 
N A 
NA 
NA 

NP 
F’A 
NA 
N A  
E’A 
NA 
NA 
NA 

298 

1 5 7  

8 3 . 5  

4 3 . 5  
37.5 

3 .83  
3 .96  
5 . 9 5  
4 .99  

NA 
NA 
NA 
\’A 

5 .12  
5 .69  
6 .60  
2 .26  
3 . 2 7  
3.90 
2 .83  
3.47 

N A  
NA 
N A 
NA 
N A  
P‘A 
NA 
N A 

480 

254  

1 3 5  

27 .0  
60 .4  

6 . 1 9  
6.39 
9 . 6 2  
8 . 0 5  

F A  
t: A 
N A  
NA 

8 . 2 5  
9 . 1 9  
1C .63  
3 . 6 3  
5 .27  
6 . 3 1  
4 .57  
5 .60  

N A  
NA 
NA 
r? ? 
N A  
E A  
N F 
NA 

I< A 

b A 

t:Fi 

I.1 A 
h‘ P 

ti A 
KA 
NA 
h’P 

9 . 6 2  
9 .62  
9 .62  
9 .62  

r! A 

N A  
NA 
F A  
R A 
N?. 
?’ A 

N A 

4 .37  
4.57 
4 .57  
4 .57  
1 0 . 6 3  
3 . 6 3  
5 .27  
6 . 3 1  

PA 

V P  

EA 

N A  
X A  

B P  
KA 
N A  
I1A 

480 
254 
27 .0  
9. € 2  

N P  
NA 
5’ A 

NA 
N A  
N F  
NA 
N P  

254 
1 3 5  
27 .0  
9 .62  
1 0 . 6 3  
3.63  
5 . 2 7  
6 . 3 1  



Table 8.  (Continued). 

S i z e  ( i n . )  S c h e d u l e  

6 x 6 ~ 3  
6 x 6 ~ 4  
6x 6x 6 

8X8X 2 
8X8X4 
8 x 8 ~ 8  
8X8X8 

1 0  
1 0  
1 0  

1OxlOx8 
1 0 x 1  0 x 1  0 

1 2  
1 2  
1 2  
1 2  
1 2  

1 2 0  
40  
1 2 0  
1 6 0  

1 6 0  
1 2 0  
1 2 0  

40 
4 0 s  
4 0 s  
4 0 s  
4 OS 
40s 
1 4 0  
1 6 0  
1 6 0  

4 0 s  
4 Os 
4 0 s  
4 Os 

40 
4 Os 
1 6 0  

4 0 s  ‘ 

4 0 s  

sw 
4 0 s  
4 O s  
4 0 s  
40 

~ -~ ~~ 

T e m p e r a t u r e  u n r e i n f o r c e d a  S t r a i g h t  B u t t  R e i n f o r c e d  
Material (OF) b r a n c h e s  E l b o w s  M i t e r s  p i p e  w e l d s  b r a n c h e s  

F 
FPR PB FPR PB 

F 

C a r b o n  s tee l  Ambient  NA NA 1 . 2 7  NA 0 . 7 6  1 . 2 4  NA N A  
C a r b o n  s t e e l  Ambient  NA NA 3 .77  NA 1 . 4 0  2.26 NA NA 
C a r b o n  s tee l  1 4 0  N A  NA 1 . 3 0  NA 0 . 7 9 1  1 . 2 7  NA NA 
C a r b o n  s t e e l  Ambient  NA NA 0.86 NA 0 .63  * 1.0 NA NA 

C a r b o n  s tee l  Ambient  1 . 2 2  6.19 NA NA NA NA 1 . 0  6 . 1 9  
NA NA NA 1 . 2 7  3 . 6 3  C a r b o n  s tee l  1 4 0  1 . 8 5  8 . 2 1  NA 

C a r b o n  s tee l  Ambient  1 . 2 8  1 . 2 8  NA NA NA NA 1 . 0  1 . 0  

c a r b o n  s teel  
S t a i n l e s s  s tee l  
S t a i n l e s s  s tee l  
s t a i n l e s s  s t e e l  
s t a i n l e s s  s teel  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s tee l  
S t a i n l e s s  s tee l  
S t a i n l e s s  s t e e l  

Ambient  NA 
200 NA 
300 VA 
3 50 NA 
400 P A  
500 NA 
535  NA 
535  NA 
595 N A  

NA 2 - 0 9  
NA 3 .92  
F A  4.36 
NA 4.47 
NA - 4.58  
P! A 5 . 0 4  
NA 1 . 1 6  
NA 0 . 9 9  
NA 1 . 0 3  

NA 0.71 
NA 0 . 9 9 3  
NA 1.11 
NA 1.13 
NA 1 . 1 6  
KA 1.28  
NA 0 .571  
NA 0.54 
NA 0 . 5 6  

1 . 1 5  
1 . 6 0  
1 . 7 8  
1 . 7 3  
1 . 8 7  
2 - 0 5  
0 .919  
0 .87  
0 . 9 1  

NA 
NA 
NA 
NA 
NA 
flA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.05 60 .4  S t a i n l e s s  s tee l  500 2.05 72 .4  NA NA MA NA 
S t a i n l e s s  s tee l  500 5 . 2  1 9 . 7  MA NA NA NA 2.05 1 0 . 6 3  

S t a i n l e s s  s tee l  500 5.2 5.2 NA NA NA N A  2 .05  2 .05  
S t a i n l e s s  s teel  400 4 .84  4.84 NA NA NA NA 1 . 8 7  1 . 8 7  

C a r b o n  s t e e l  Ambient  NA NA 1 . 2 6  0.647 NA NA 2 .21  0 . 4 0 1  
S t a i n l e s s  s teel  400 NA NA 2.74 NA 0.654 1 . 0 5  NA NA 
S t a i n l e s s  s tee l  535 NA NA 0 .510  NA 0 .272  0.438 NA NA 

S t a i n l e s s  s tee l  400 2 .89  4.54 NA NA NA NA 1 . 0 5  1 . 8 7  
S t a i n l e s s  s tee l  400 2 .89  2.89 NA NA NA N A  1 . 0 5  1 . 0 5  

C a r b o n  s t e e l  Ambient  NA NA 0 . 9 5 1  NA 0.274 0 .441  NA NA 
S t a i n l e s s  s teel  200 NA NA 1 . 7 8  NA 0.384 0.620 NA NA 
S t a i n l e s s  s teel  300 NA FA 1 .98  NA 0.426 0 .688  NA NA 
s t a i n l e s s  s t e e l  500 NA N A  2 .30  NA 0 .495  0.799 NA NA 
S t a i n l e s s  steel 400 NA NA 1 . 8 3  NA 0 .416  0 .671  NA NA 
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Table 8. (Continued). 

T e m p e r a t u r e  u n r e i n f o r c e d a  S t r a i g h t  B u t t  R e i n f o r c e d  
S i z e  ( i n . )  S c h e d u l e  Ma te r i a l  ( O F )  b r a n c h e s  Elbows Miters  pipe w e l d s  b r a n c h e s  

F F 
PR PB F F 

P R  PB 

1 2 x 1 2 ~ 8  
1 2 x 1  2X12X12 

1 4  
1 4  
1 4  
1 4  
1 4  

1 4 x 1 4 ~ 1 2  
1 4 x 1 4 ~ 1 4  
14x1 4x14 
1 4 x 1 4 ~ 1 4  

05 1 6  
.I 1 6  

1 6 x 1 6 ~ 3  

1 8  
1 8  
1 8  
1 8  
18  

1 8 x 1  8x14 

20 
20 
20 
20 
20 

24 

27-1/2 

40 
40 

tn=O. 375  
40 
40 
1 6 0  
1 6 0  

40 
tn=O. 375  
40 
160  

1 2 0  
1 2 0  

Run=120 
Branch=160  

sw 
sw 
sw 
sw 
40 

40 

sw 
sw 
sw 
sw 
tn=O. 500 

sw 

t n = 2 . 3 8  i n  

S t a i n l e s s  s t e e l  
s t a i n l e s s  s t e e l  

Carbon  s t e e l  
Carbon  s t ee l  
S t a i n l e s s  s t e e l  
S t a i n l e s s  s t ee l  
S t a i n l e s s  s t e e l  

S t a i n l e s s  s t e e l  
C a r b o n  s t e e l  
Carbon  s t e e l  
S t a i n l e s s  s t ee l  

C a r b o n  s t e e l  
C a r b o n  s t e e l  

C a r b o n  s teel  

C a r b o n  s t e e l  
S t a i n l e s s  s teel  
S t a i n l e s s  s teel  
S t a i n l e s s  s tee l  
S t a i n l e s s  s teel  

S t a i n l e s s  s teel  

C a r b o n  s t e e l  
S t a i n l e s s  s teel  
S t a i n l e s s  s teel  
S t a i n l e s s  s teel  
C a r b o n  s t e e l  

C a r b o n  s t e e l  

S t a i n l e s s  s t ee l  

400 
400 

Ambient  
Ambient  
400 
400 
5 9 5  

400 
Ambien t  
Ambient  
400  

1 4 0  
556  

556 

Ambient  
200 
300  
500  
400 

400  

Ambient 
200 
300 
500 
Ambient 

Ambient  

535 

1 . 9 2  
1 . 9 2  

E: A 
NA 
NA 
N A 
NA 

1 . 5 1  
1.18 
1 . 0 2  
0.237 

NA 
NA 

0.124 

NA 
NA 
NA 
NA 
NA 

0 .711  

NA 
NA 
NA 
NA 
NA 

NA 

NA 

4.27 
1 .92  

NA 
PA 
NA 
NA 
NA 

1.81  
1 . 1 8  
1 . 0 2  
0.237 

NA 
NA 

8 . 0 5  

NA 
NA 
NA 
NA 
NA 

1 . 1 7  

NA 
NA 
NA 
NA 
N A  

NA 

NA 

NA 
PA 

0 .837  
0 .64  
1 . 4 2  
0.226 
0 .255  

NA 
NA 
NA 
NA 

0.109 
0 .137  

NA 

0.593 
1.11 
1 . 2 4  
1 . 4 3  
0.671 

NA 

0 .517  
0.966 
1 . 0 7  
1.24 
0.317 

0 .403  

0 .032  

NA 
NA 

1 .47  
NA 
NA 
NA 
N A  

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 
NA 
NF 
NA 
PA 

MA 

NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 

0.226 
0 . 1 9 7  
0 . 3 1 9  
0 . 1 1 5  
0 . 1 3 1  

NA 
NA 
NA 
NA 

0 . 0 6 1  
0.077 

NA 

0 .135  
0 .189  
0 .209  
0 .244  
0 . 1 5 1  

NA 

0 * 1 1 0  
0 . 1 5 3  
0 .170  
0 .198  
0 . 0 8 3  

0 .075  

0 .013  

NA 
NA 

0 .365  
0 . 3 1  
0.515 
0 .186  
0 . 2 1 1  

NA 
NA 
NA 
NA 

0 .099  
0.124 

NA 

0 .217  
0.304 
0 .339  
0.394 
0.244 

NA 

0.176 
0.247 
0.274 
0 .318  
0.134 

0 .122  

0 . 0 2 1  

0 .67  1 . 8 7  
0.67 0 . 6 7  

NA NA 
N A  NA 
NA NA 

N F  NA 
NA N A  

0.515 0 . 6 7 1  
0 .365  0 . 3 6 5  
0 . 3 1  0 . 3 1  
0.186 0 .186  

NA NA 
NA NA 

0.124 8 . 0 5  

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

0.244 0 . 5 1 5  

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 

N A  NP 



Table 8. (Continued). 
~ ~ ~ - - _ _  ~ 

Tempe r a t U  r e  u n r  e i n  f o r c e d a  S t r a i g h t  B u t t  R e  i n  f o r c e d  
S i z e  ( i n . )  S c h e d  u 1 e Material  (OF) b r a n c h e s  E l b o w s  Miters pipe w e l d s  b r a n c h e s  

F 
FPR PB 'PR FPB 

2 7 - 1 / 2 ~ 2 7 - 1 / 2 ~ 4  

2 7 - 1 / 2 ~ 2 7 - 1 / 2 ~ 8  

2 7 - 1 / 2 ~ 2 7 - 1 / 2 ~ 1 0  

2 9  

2 9 x 2 9 ~ 8  

2 9 x 2 9 ~ 1 4  

03 3 0  
03 

3 0 x 3 0 ~ 2 0  

31 

3 6  

36x3 6x36 

4 8  

4 8 x 4 8 ~ 2 0  
4 8 x 4 8 ~ 3 0  

4 8 x 4 8 ~ 4 8  

t r = 2 . 3 8  i n .  
t b = 0 . 4 3 8  i n .  
t r = 2 . 3 8  i n .  
t b = 0 . 8 1 2  i n .  
t r = 2 . 3 8  i n .  

t n = 2 . 5 0  i n .  

t r = 2 . 5 0  i n .  
t b = 0 . 8 1 2  i n .  
t r = 2 . 5 0  i n .  
t b = 1 . 4 0 6  i n .  

t n = 0 . 5 0 0  i n .  

t r = 0 . 5 0 0  i n .  
t b = 0 . 3 7 5  i n .  

t n = 2 . 6 6  i n .  

t n = 0 . 5 0 0  i n .  

S t a i n l e s s  s t e e l  

S t a i n l e s s  s tee l  

S t a i n l e s s  s teel  

S t a i n l e s s  s t ee l  

S t a i n l e s s  s teel  

S t a i n l e s s  s tee l  

C a r b o n  s t e e l  

C a r b o n  s teel  

S t a i n l e s s  s teel  

C a r b o n  s t e e l  

t n = 0 . 5 0 0  i n .  C a r b o n  s t e e l  

t n = 0 . 6 2 5  i n .  C a r b o n  s teel  

t = 0 . 6 2 5  i n .  C a r b o n  s t e e l  
t r = 0 . 6 2 5  i n .  C a r b o n  s t e e l  
t b = 0 . 5 0 0  i n .  
t r = 0 . 6 2 5  i n .  C a r b o n  s teel  
t b = 0 . 5 0 0  i n .  

535  0 . 0 2 1  

535  0 .021  

535  0.034 

595  NA 

595 0 .0199 

0.0302 595 

Ambient  NA 

Ambient  0 . 2 6 1  

530 NA 

Ambient  NA 

Ambient  0 . 2 0 3  

Ambient  NA 

Ambient  0 .0957 
Ambient  0 .0957 

Ambient  0 .0957 

6 .32  NA 

0.92 NA 

0.438 NA 

NA 0.029 

0.949 NA 

0.212 NA 

NA 0.184 

0.589 NA 

NA 0 . 0 2 3  

NA NA 

0.203 NA 

NA NA 

0.557 NA 
0.247 NA 

0 .0957 NA 

NA NA 

N A  NA 

NA NA 

NA 0.012 

NA NA 

NA NA 

E1A 0.036 

NA NA 

NA 0 .0093 

0 .255  0 . 0 2 3  

NA NA 

0 . 1 2  0.014 

NA NA 
NA NA 

NA E'A 

NA 

NA 

NA 

0 .019  

NA 

NA 

0.058 

NA 

0.015 

0.040 

NA 

0 .023  

NA 
NA 

NA 

0 . 0 2 1  5 .60  

0 . 0 2 1  0 .87  

0.021 0 .438  

NA NA 

0.019 0 . 9 1  

0.019 0.212 

NA NA 

0.058 0.176 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 
NA NA 

NA NA 

a 
FpR = scale factor f o r  r u n :  FpB = scale factor  f o r  b r a n c h .  



flawed pipe and the limit moment was calculated assuming an elastic- 
perfectly plastic model with a flow stress equal to a specified fraction of 
the sum of the yield and ultimate strengths. 
capacity was 9.5 X lo5 in.-lb. 
assumed has a very low probability of occurrence, the lower value is considered 
to be a minus 3 logarithmic standard deviation value, which corresponds to 
about a probability of occurrence. 

The derived lower bound moment 
Since the existence of a flaw of the size 

With the establishment of the upper and lower bound values, and assuming the 
properties of the lognormal distribution, the medium moment capacity for 
static loading was computed to be 1.41 lo6 in.-lb. Combining the variance 
of the strength due to the failure model with the variance of the material 
properties, the logarithmic standard deviation on strength is computed to be 
0.22. The random portion of this is due to random variations in material 
properties and is considered to be approximately 0.1 with the uncertainty 
equal to 0.20. 

The static capacity was then modified for ductility. For heavy wall steel 
piping elements loaded primarily in bending, ductility is considered to range 
from 1 to 5, where the low value of 1.0 represents reduced ductility for the 
flawed condition. A ductility of 5 corresponds to about 1% primary strain 

56 observed at instability in limit moment tests of some piping fittings. 
The associated ductility factors from Eq. (12) are 1.0 and 3.0. Assuming 
these factors to represent approximately a plus or minus two logarithmic 
standard deviation range, the median ductility factor was computed to be 1.73 
with the logarithmic standard deviation equal to 0.27. The random portion is 
due to the randomness of the material and weld joint ductility and is 
considered to be approximately 0.15 with the uncertainty portion equal to 
0.22. In addition, there is a dispersion on this ductility factor due to the 
uncertainty in the use of Eq. (12). The coefficient of variation, which is 
approximately the same as the logarithmic standard deviation, is estimated to 
be approximately 0.15 which is considered to be all uncertainty. 

The median capacity of the reference pipe element, modified for ductility, is 
the ductility factor times the median static capacity or 

M = 2.44 x lo6 in.-lb . 
The overall variabilities, expressed as logarithmic standard deviations 
representing randomness and uncertainty, are obtained from the square root of 
the sum of the squares of the variabilities on individual variables 
contributing to the overall capacity: 

The total uncertainty is thus 

2 8 = d 8 :  + 8,  = 0.376 . 
A plot of the resulting fragility curve is shown in Fig. 35. 
the master fragility curve from which all other piping fragilities could be 
determined by use of the 8 factors in Table 6. 

This was used as 

a9 



1 .o 

2 0.8 - 
5 

m LC 

0 
>. 

- .- 

Y- 0.6 - 

c1 .- 
0.4 - - 

P 
!! 

6 in., schedule 160 
carbon steel butt weld 

0.2 - - 

OO 10 20 30 40 50 
Moment (in.-lb X IO5) 

Figure 35. Master piping fragility 
curve. 
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4 . 4  Expert Opinion Survey 

Data for use in determining the strengths at failure of nuclear power plant 
components exposed to seismic excitations are very scarce. To date, no 
nuclear plant has been exposed to a major seismic disturbance. Non-nuclear 
plants have experienced earthquakes and some data, useful mainly for fragility 
verification purposes have been gathered,57 but for in situ performance of 
nuclear components there are no data at all. Also,  seismic qualification of 
nuclear power plant components was not emphasized in the nuclear industry 
until about 1973. Components are still only qualified to a given excitation 
level by testing or by analytical methods. 
will cause failure of the component is not normally done. 

Determining the excitation that 

Because of the lack of data, the SSMRP resorted to solicitation of expert 
opinion. It was recognized that many firms had tested their components to 
failure, but held the resulting information as proprietary and therefore not 
available directly. However, it was believed that individuals would respond 
to a questionnaire provided that their anonymity was protected and the 
response to the questionnaire was to be treated as opinion. 

n 

Forty manufacturers had supplied components to the Zion plant. Of the 4 0 ,  3 8  
were still in business and were asked to participate in the survey. A l l  but 
two Zion component suppliers agreed to participate. In addition, all 
organizations possessing an ASME nuclear N stamp were contacted. The 
solicitation included both domestic and foreign suppliers of nuclear equipment; 
however, the bulk of the contacts were made with domestic organizations. 
Companies involved in the construction of nuclear plants and in the design of 
plant-related systems were also contacted. Altogether, over 600 individuals 
considered to be experts in the fragility of electrical and mechanical nuclear 
components were identified and categorized as follows: 

0 1. Zion-specific component manufacturers. 
2 .  Component manufacturers. 
3.  Test laboratories. 
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4. Consulting firms. 
5. Architect/engineering firms. 
6. Reactor designers. 
7. Military experts. 
8 .  University professors. 

Approximately 400 of these individuals were contacted by telephone and their 
participation solicited. Of the 400 individuals contacted 253 agreed to 
participate . 
The questionnaire that was mailed to each individual who agreed to participate 
asked for specific details regarding the following general categories of 
information: 

1. Identification and description of specific (or generic) component to 

2. Normal operating environment. 
3 .  Seismic qualification details. 
4. Failure modes (the three most likely were requested). 
5. Fragility parameters, seismic capacities (loth, 50th, and 90th 

which the answers were directed. 

percentiles), confidence levels, and sources of information for each 
failure mode. 

6. Similarity of non-nuclear equipment. 
7. Equipment design era. 
8 .  Expertise of respondent. 

From the solicitation, 147 questionnaires were returned. A number of these 
contained only qualitative information which could not be used to construct a 
fragility description. These questionnaires described the environment to 
which components could be expected to be subjected or in some cases described 
the modes of component failure without giving a quantitative description. 
total of 88 questionnaires were used to construct the analytical fragility 
descriptions. 

A 

The results of the survey are contained in tables in Appendix A. 

The tables show the estimates of seismic capacity, the appropriate parameter 
of response, and other pertinent information for each failure mode within each 
generic equipment category. The weighting factor assigned to each set of 
estimates for purposes of combining data is also indicated. 

4.5 Combination of Data 

It was assumed in the development of the SSMRP methodology that a single 
fragility curve of normal or lognormal distribution can appropriately 
represent each generic category of components for a particular failure mode. 
In general, however, there were multiple opinions and,or data for each failure 
mode, and since the various sets of opinion or data could be based on quite 
different components (because of size, manufacturing processes, design, etc.) 
within a single generic category, it was necessary to provide for subgrouping 
of similar components within a category for each mode. 
as discussed briefly in Sec. 2.1, was based on a combined least squares and 
nested analysis of variance approach. 
Appendix B and the approach is described in detail in Ref._8. 

The procedure adopted, 

The equations used are developed in 

In the analysis, a weight was applied to the expert opinion responses as a 
product of two factors: a factor for presumed expertise of the specialist 
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providing the opinion, and a factor for the source of his opinion. The 
factors for expertise are listed in the following table. 

n 

Factor for source of expertise 

Source 

Zion manufacturers 
Component manufacturers 
Test laboratories 
Consulting firms 
Architect, engineers 
Reactor designers 

Weight 

3 

Military experks 2 

university professors 1 

The second factor relates to the basis of response. Thus, if a respondent was 
in possession of test data and used it as the basis for his response it was 
considered better than an analytical method or pure opinion. Analytical 
methods were considered superior to pure opinion. Additionally, a different 
weighting was applied for pressure boundary failures and for functional 
failures. The factors for source of opinion are shown on the following table. 

Factors for source of data 

Source 

Test 
Analysis 
Expert opinion 

Pressure boundary Functional fragility 
fragility weight weight 

4.0 
3.0 
1.0 

4 . O  
2.0 
1.0 

Analysis was weighted more heavily in the case of pressure boundary failure 
than for functional failure because it is believed that analysis more 
accurately predicts pressure boundary failures than functional failures. 

The factors were combined multiplicatively and normalized to a maximum value 
of 3.0. 
were treated as independent expert opinions, with weights assigned based on 
subjective evaluation of the quality of the data. 
used it was assigned a weight of 3.0. 
for each component category are documented in Appendix F. 

When data from other sources were combined with expert opinion, they 

When site-specific data was 
The specific combinations of data used 
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3 APPENDIX A 
SUMMARY OF ZION SAFETY-RELATED COMPONENTS 

For the study of the Zion Nuclear Power Plant the SSMRP developed 7 event 
trees and 11 fault trees to cover all the hypothesized reactor transients and 
potential modes of release of radioactivity. Taken together, these event and 
fault trees require the determination of the probability of failure (due to 
seismic loading) of over 2300 basic events. (A basic event could be failure 
of a certain valve, for example). Since it was clearly not feasible to 
generate fragility curves for thousands of specific components, the first step 
in the development of the fragility data base was to group all the components 
identified on the event and fault trees into categories. 

Equipment functions, governing design criteria, method of seismic qualification 
and response characteristics were used as the basis of determining categories. 
These criteria and other pertinent information for the components that were 
reviewed in the effort to set categories are presented in the following tables. 

I 
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I 
1 

I 

I t 
I !  Summary of Zion safety-related components. 

I 'I, 

i 
I 

Dynamic 1 
P&I ID I Seismic Acceptance response Fragility h-agi li ty 
number Component Description Location Pipe run Manufacturer Function\, criteria determination Frequencies mode parameter qual. method 

1 :  

I I, 
Active I 

i !  
1 

Active , ,  
8 

!! 
1 
i 

Active I '  

Passive " 

Active 

Active 

Active 
~ 

j 

j 
Active ' 

I 
I 
I 

Active 

Active 1 
4 
I 

Active 1 
: 
I 

Active 

Active 

pacific Pumps FW004 

FW005 

FW006 

so001 

CDOlOl 

CD0369 

FW0075 

FW0074 

FW0076 

FW0031 

FW0034 

FW0032 

FW0035 

Aux. feedwater 
Pump 

Turbine, 990 GPM Static analysis ASME boiler and 
pressure vessel 
code 

Design analysis 
extrapolation 

33 HZ 

33 Hz 

33 Hz 

Rigid 

Rigid 

33 Hz 

Rigid 

Rigid 

Rigid 

Rigid 

Pedestal attach 
bolts 

Spectral 
acceleration 

Aux. feedwater 
Pump 

Static analysis ASME boiler and 
pressure vessel 
code and 1967 UBC 

Design analysis 
extrapolation 

Motor, 495 GPM Pacific Pumps 

Pacific Pumps 

Pedestal attach 
bolts 

Spectral 
acceleration 

Static analysis ASME boiler and 
pressure vessel 
code and 1967 UBC 

Dynamic analysis 

AUX. feedwater 
Pump 

Motor, 495 GPM Design analysis 
extrapolation 

Pedestal attach 
bolts 

Spec t r a1 
acceleration 

Secondary 
storage tank 

500,000 gal 

20", manual 

18", manual 

lo", hOV 

Design analysis 
extrapolation 

Spec t r a1 
acceleration 

Static analysis ASME draft/ANSI Valve, gate Design analysis 
extrapolat ion 

Functional Spec t r a1 
acceleration 

Valve, gate Turbine bldg. Static analysis ASME draft/ANSI Design analysis 
extrapolation 

Functional Spectral 
acceleration 

Valve, gate Static analysis 1971 ASME Section 
I11 boiler and 
pressure vessel 
code 

Design analysis 
extrapolation 

Bending stress 
in bonnet neck 

Aux . bldg . 
elev. 585 
22-23, G-H) 

I 

W. M. Powell Co. Spec t r a1 
acceleration 

Valve, gate 6", MOV Aux. bldg . 
elyv. 585 
(22-23, G-H) 

W. M. Powell Co. 

W. M. Powell Co. 

Chapman Valve 

W. M. Powell Co. 

Chapman Valve 

W. M. Powell Co. 

Static analysis ASME draft/ANSI 
(valve) test 
(motor operator) 

Design analysis 
extrapolation 

Functional Spectral 
acceleration 

Valve, gate 6". MOV Static analysis ASME draft/ANSI 
(valve) test 
(motor operator) 

Design analysis 
extrapolation 

AUX. bldg . 
elev. 585 
(22-23, G-H) 

Functional Spec tr a1 
acceleration 

Valve, check 6", manual 

6", manual 

Aux. bldg . 
elev. 584 

Auq. bldg . 
elev. 584 

(22-23, G-H) 

I 
(22-23, G-H) 

I 

1 
Auq. I bldg . 
(23-23, G-H) 
elev. 581 

Static analysis ASME draft/ANSI Design analysis 
extrapolation 

Functional Spectral 
acceleration 

Valve, globe Static analysis ASME draft/ANSI Design analysis 
extrapolation 

Functional Spectral 
acceleration 

Valve, check 4 " ,  manual 

4", manual 

Design analysis?, Rigid 
extrapolation 

Static analysis ASME draft/ANSI Functional Spec tr a1 
acceleration 

I Aux. bldg . 
ele'v. I 584 

J (24-23, G-H) 
Valve, globe Static analysis ASME draft/ANSI Design analysis Rigid 

extrapolation 
Spectral 
acceleration 

Functional 
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3 

extrapolat ion 

#*' 

I* 

Summary of Zion safety-related components (continued). 

P&I ID 
number Component 

Dynamic 
Seismic Acceptance response 

Description Location Pipe run Manufacturer Function qual. method criteria determination 
Fragility 
parameter 

Fragility 
Frequencies mode 

FW0037 Valve, gate 4", manual Aux. bldg. 
(22-23, G-H) 
elev. 584 

FW0033 Valve, check 

FW0036 Valve, globe 

FW0038 Valve, gate 

FW85H Valve, globe 

4" manual Aux. bldg . 
elev. 581 
(23-24, G-H) 

4", manual Aux. bldg . 
(23-24, G-H) 
elev. 581 

4", manual Aux. bldg. 
(23-24, G-H) 
elev. 581 

6 " ,  pneumatic/ Aux. bldg . 
Diaphragm (23, P-R) 

elev. 600 

Chapman Valve Active 

W. M. Powell Co. Active 

W. M. Powell Co. Active 

Active 

W. M. Powell Co. Active Static analysis ASME draft/ANSI 

Static analysis ASME draft/ANSI 

Static analysis ASME draft/ANSI 

Static analysis ASME draft/ANSI 

Static analysis ASME draft/ANSI 

t 

3 

Design analysis 
extrapolation 

,I Design analysis 
extrapolation , 

~ 

Design analysis 
extrapolation , 

I 
Design analysis 
extrapolation ; 

Rigid Functional Spectral 
acceleration 

Rigid Functional Spectral 
acceleration 

Rigid Functional Spectral 
acceleration 

Rigid Functional Spec t r a1 
acceleration 

Rigid Functional Spectral 
. acceleration 
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Summary of Zion safety-related components (continued). 

Dynamic 
Se ismic  Acceptance response  F r a g i l i t y  Fr ag ili t y  P & I  I D  

number Component Desc r ip t ion  Locat ion  P ipe  run  Manufacturer F u n c t i c  parameter q u a l .  method c r i t e r i a  d e t e r m i n a t i o n  F requenc ie s  mode 

w. M. Powell  Co. Act ive  

Act ive  

Ac t ive  

Act ive  

Ac t ive  

Act ive  

Act ive  

Act ive  

Ac t ive  

Act ive  

Ac t ive  

Ac t ive  

S t a t i c  a n a l y s i s  ASME d r a f t ,  ANSI 
( v a l v e )  t e s t  
(ope ra  t o r  ) 

S t a t i c  a n a l y s i s  ASME draft,ANSI 

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Design a n a l y s i s  

Rig i d  F u n c t i o n a l  Spec t r a 1  
a c c e l e r a t i o n  

S p e c t r a l  
a c c e l e r a t i o n  

F u n c t i o n a l  Rig id  

Rig i d  

FW0050 

FW85G 

FW0051 

FW85F 

FW0052 

FW85E 

FW0053 

FW85D 

FW0054 

FW85C 

Valve, g lobe  

Valve, g lobe  

Valve , g lobe  

Valve , g lobe  

Valve, g lobe  

Valve , g l o b e  

Valve , g lobe  

Valve 

Valve , g l o b e  

Valve , g l o b e  

6 " , MOV Aux .  bldg . 
(23, P-R) 
e l e v .  500 

3" ,  pneumatic/ 
diaphragm 
opera  tor 

Aux. bldg. 

e l e v .  600 
(23-24, P-R) 

6".  MOV Aux. b ldg .  

e l ev .  600 
(23-24 , P-R) 

w. M. P o w e l l  Co .  S t a t i c  a n a l y s i s  ASME draft ,ANSI 
( v a l v e )  t e s t  
(ope ra to r  ) 

Func t iona l  

F u n c t i o n a l  

F u n c t i o n a l  

Spec t r  a 1  
a c c e l e r a t i o n  

Rig id  3", pneumatic/ 
diaphragm 
o p e r a t o r  

Aux. bldg. 
(23, P-R) 
e l ev .  583 

S t a t i c  a n a l y s i s  ASME draft,APlSI Spec t r  a1 
a c c e l e r a t i o n  

W.M. P o w e l l  Co .  Rig i d  Spec t r  a 1  
a c c e l e r a t i o n  

3" , MOV Aux. bldg. 

e l ev .  583 
(23-24 , P-R) 

S t a t i c  a n a l y s i s  ASME d r a f t ,  ANSI 
( v a l v e )  t e s t  
(ope ra to r  ) 

3", pneumatic/ 
diaphragm 
o p e r a t o r  

Aux. bldg . 
e lev .  583 
(23-24, P-R) 

S t a t i c  a n a l y s i s  ASME draft,ANSI Rig id  F m c t i o n a l  Spec t r  a1 
a c c e l e r a t i o n  

w. M. Powell Co .  Rig i d  F u n c t i o n a l  

F u n c t i o n a l  

F u n c t i o n a l  

Spec t r  a1  
a c c e l e r a t i o n  

3" , MOV Aux . bldg . 
e l e v .  583 
23-24 , P-R) 

S t a t i c  a n a l y s i s  ASME d r a f t ,  ANSI 
( v a l v e )  test  
(opera  t o r  ) 

3", pneumatic/ 
diaphragm 
ope ra  tor 

Aux. b ldg  . 
e lev .  576 
(23, P-R) 

S t a t i c  a n a l y s i s  ASME d r a f t ,  ANSI Rig id  a c c e l e r a t i o n  Spec t r  a1 

3 " , MOV Aux. bldg. 

e l e v .  576 
(23, P-R) 

W. M. P o w e l l  Co. S t a t i c  a n a l y s i s  ASME draft,ANSI 
( v a l v e )  test  
(ope ra to r  ) 

S t a t i c  a n a l y s i s  ASME draft ,ANSI 

R ig id  S p e c t r a l  
a c c e l e r a t i o n  

3" , pneumatic/ 
diaphragm 
o p e r a t o r  

Aux. bldg . 
e l e v .  581 
(23-24, P-R) 

Rig id  F u n c t i o n a l  S p e c t r a l  
a c c e l e r a t i o n  

FW0055 Valve 3 " , MOV Aux. bldg . 
e lev .  581 
(23-24 , P-R) 

W. M. Powell CO. 

Chapman Valve 

S t a t i c  a n a l y s i s  ASME draft ,ANSI 
( v a l v e )  t e s t  
(ope ra to r  ) 

S t a t i c  a n a l y s i s  ASME  draft,^^^^ 

Rig i d  Spec t r  a 1 
a c c e l e r a t i o n  

F u n c t i o n a l  

FW0068 Valve,  check 3 " Containment 

M-N) e l e v .  581 
bldg. (30-31, 

Rig id  F u n c t i o n a l  Spec t r  a 1  
a c c e l e r a t i o n  
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Summary of Zion safety-related components (continued). 3 
Dynamic 

Fragility P&I ID 
number Component Description Location Pipe run Manufacturer Function qual. method criteria determination Frequencies mode parameter 

Acceptance response  rag ili ty Seismic 

FW85B Valve, globe 3 " ,  pneumatic/ Aux. bldg . 
diaphragm ( 2 3 ,  P-R) 
operator elev. 596 

Active Static analysis ASME draft, ANSI Design analysis Rigid Functional Spec tr a1 
I acceleration 

W. M. Powell Co. Active Functional FW0056 Valve, globe 3'1, MOV Aux. bldg . 
( 2 3 ,  P-R) 
elev. 596 

Static analysis ASME draft, ANSI Design analysis Rigid 
(valve) test 
(opera tor ) 

Spectra 1 
acceleration 

Aux. bldg . 
elev. 596 
(23 -24 ,  P-R) 

I Active Static analysis ASME draft, ANSI Design analysis Rigid FW85A Valve, globe 3 " ,  pneumatic/ 
diaphragm 
ope r a tor 

Functional 

Functional 

Spectr a1 
acceleration 

I 
I 

Act 
W. M. Powell CO. Spec tr a1 

acceleration 
FW0057 Valve, globe 3 " ,  MOV AUX . bldg . 

elev. 596 
(23 -24 ,  P-R) 

Static analysis ASME draft, ANSI Design analysis Rigid 
(valve) test 
(operator) 

I 

I 
101 
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Summary of Zion safety-related components (continued). 

Dynamic 
Fragility 
parameter 

Fragility P&I ID Seismic Acceptance response 
number Component Description Location Pipe run Ma n II f dC t 11 C e r Function qual. method criteria determination Frequencies mode 

ASME boiler and 
pressure vessel 
code 

Design analysis 
extrapolation 

4.3 Hz Tensile & shear Spectral 
in pump column acceleration 
walls 

1swoo1 Service water 24", vane 
w w 22,000 GPM 

Crib house 
elev. 590 
(108, BB-CC) 

1SW138-24" X1-N 

lSWli 7-2 4 " X 1 - N  

lSWl3 6- 24" X1-N 

1 S W14 0- 3 6 " X 1 -N 

Layne-Bow Ler 
Inc. 

A C  t I v e 

I 
Active 

I 

Act i v f ?  

i 
PassiLe 

I 

Faasive 

I 

Active 

Active 
\ 

1 
Active 

t 

i Active 4 I 
ACtlvl 

i 

j 

Active 

i 
Active 

I 

i 
I 
I 

1 

1 

L 

Static analysis 

1sw002 Service water 24", vane 
pump 22,000 GPM 

Design analysis 
extrapolation 

4.3 Hz Tensile & shear Spectral 
in pump column acceleration 
walls 

Crib house 
elev. 590 
(110, BB-CC) 

Layne-Bowler 
Inc. 

Static analysis 

Static analysis 

ASME boiler and 
pressure vessel 
code 

Service water 24". vane 
Pump 22,000 GPM 

Crib house 
elev. 590 
(112, BB-CC) 

Layne-Bowler 
Inc. 

ASME boiler and 
pressure vessel 
code 

Design analysis 
extrapolation 

4.3 Hz Tensile & shear Spectral 
in pump column acceleration 
walls 

1SW033 

1SW004 Rigid support Spectra 1 
acceleration structure 

Strainer 36", mech. 
restriction 

Crib house 
elev. 590 
(109-110, 
BB-CC ) 

Layne-Bowler 
Inc. 

Static analysis ASME boiler and 
pressure vessel 
code 

Design analysis 
extrapolation 

1SW005 S tra iner 36", mech. 
restriction 

CK ib house 
elev. 590 
(111-112, 

1 BB-CC) 

1 SW13 9 - 3 6 " X 1 - N  Layne-Bowler 
Inc - 

Static analysis ASME boiler and 
pressure vessel 
code 

Design analysis 
extrapolation 

Rigid Support 
structure 

Spectral 
acceleration 

1sw0002 Butterfly 
valve 

24", manual Functional: 
bending in 
disc or shaft 

Spec tr a1 
acceleration 

Crib house 
elev. 603 
(112, BB-CC) 

1 SW13 6 - 2 4 " X 1 -N 

1 SW 13 7- 2 4 " X 1 -N 

1 S W13 8 - 2 4 " X 1 -N 

1 SW 13 6- 2 4 " X 1 -N 

1 S W13 7- 2 4 " X 1 -N 

lSWl3 8-2 4 " X1-N 

1 SW13 9 - 3 6 " X 1 - N  

Static analysis 

Static analysis 

Static analysis 

Static analysis 

Static analysis 

Static analysis 

Static analysis 

Henry Pratt Co. 1968 ASME draft 
code for nuclear 
components 

Design analysis 
extrapolation 

33 Hz 

Design analysis 
extrapolation 

1SW0005 Butterfly 24", manual 
valve 

Crib house 
elev. 603 
(110, BB-CC) 

Henry-Pratt Co. 1968 ASME draft 
code for nuclear 
components 

33 Hz Functional: Spec tr a1 
bending in acceleration 
disc or shaft 

1SW0008 Butterfly 24", manual 
valve 

Crib house 
elev. 603 
(108, BB-CC) 

1968 ASME draft 
code for nuclear 
components 

Design analysis 
extrapolation 

33 Hz Spectral 
acceleration 

Functional: 
bending in 
disc or shaft 

Henry Pratt Co. 

lSWO0Ol Valve, check 24" Crib house 
~ elev. 600 

(112, BB-CC) 

Mission Man. 
Corp. 

ASME draft/ANSI Design analysis 
extrapolation 

Rigid Functional Spectra 1 

1SW0004 Valve, check 24" Func t iona 1 Crib house 
I elev. 600 
I (110, BB-CC) 

Mission Man. 
corp. 

ASME draft/ANSI Design analysis 
extrapolation 

Rigid Spectral 

1SW0007 

1SW0003 

Valve, check 24" Functional Spec tra 1 Crib house 
elev. 600 
(108, BB-CC) 

Mission Man. 
cor p . ASME draft/ANSI Design analysis 

extrapolation 
Rigid 

Crib house 
elev. 603 
(110-111, 
BB-CC) 

Henry Pratt Co. 1968 ASME draft 
pump and valve 
code 

Design analysis 
extrapolation 

33 Hz Butterfly 
valve 

36", manual Functional: Spectra 1 
bending in 
disc or shaft 

1SW0006 Butterfly 
valve 

Spectral 36", manual Crib house 
elev. 603 
108-109, 
BB-CC) 

1 S W14 0 - 3 6 " X 1 -N Henry Pratt Co. Static analysis 1968 ASME draft 
pump and valve 
code 

Design analysis 
extrapolation 

33 Hz Functional: 
bending in 
disc or shaft 
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Summary of Zion safety-related components (continued). 

Dynamic 
Fragility P&I ID Seismic response Fragility Acceptance 

number Component Description Location Pipe run Manufacturer Function qual. method criteria determination Frequencies mode paramete r 

1SW0017 Butterfly 36", manual Crib house 1 S W 1 3 9 - 3 6 " X 1-N 
valve elev. 596 

(112, BB-CC) 

Henry Pratt Co. Active Static analysis 1968 ASME draft 
pump and valve 
code 

Spectral Functional: 
bending in 
disc or, shaft 

3 3  Hz Design analysis 
extrapolation 

1SWOO18 Henry Pratt Co. Active Spec tr a1 Butter fly 36 '' manual Crib house 1 S W 14 0 - 3 6 " XI. -N 
valve elev. 596 

(110, BB-CC) 

Static analysis 1968 ASME draft 
pump and valve 
code 

Design analysis extrapolation I 
Functional : 
bending in 
disc or shaft 

33 Hz 

Henry Pratt Co. Active Spectra 1 OMOVSW0003 Butterfly 4 8 " ,  elec. motor Crib house OSWO12-48" X1-N 
valve elev. 579 

(107-108, 
BB-CC ) 

OSW0670 Valve, gate 8 " OSWO98-8" X1-N 

Static analysis 1968 ASME draft 
(test operator) code for nuclear 

components 

Design analylsis 
extrapolation I 

I 

33 Hz Functional: 
bending in 
disc or shaft 

Henry Pratt Co. Active 

W. M. Powell Co. Active 

Spectral 

Spec t r a1 

Static analysis ASME draft/ANSI Design analysis 
extrapolation 

Rigid Functional 

1MOVSW0107 Valve, gate E", elec. motor Aux. bldg. 1SW154-8" X1-N 
operated elev. 585 

(22-23, G-H) 

Static analysis ASME draft/ANSI 
(test operator) 

Design analysis 
extrapolation I Rigid Functional 

lMOVSW0106 Valve, gate 8 " ,  elec. motor Aux. bldg. 1 SW15 4 - 8 " X 1 -N 
operated elev. 5 8 5  

(22-23, G-H) 

W. M. Powell Co. ~ctive Static analysis ASME draft/ANSI 
(test operator) 

Design analysis 
extrapolation 

Rigid Functional Spec t r a1 
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Summary of Zion safety-related components (continued). 

P&I ID 
number Component Description Location Pipe run Ma nu f ac tu r er Fui 

Dynamic 
Acceptance r e spon se Fragility Frag il i ty Seismic 

ion qual. method criteria determination Frequencies mode par ame te L 

Aux. bldg. 30.3 Hz Bending at base Spectral 
of yoke arms acceleration 

Static analysis ASME draft/ANSI 
(valve) test 
(operator) 

Static analysis ASME draft/ANSI 
(valve) test 
(operator) 

Static analysis ASME draft/ANSI 

Design analysis 
extrapolation 

2MOV5W0001 Gate valve 20", Electric 
motor operator 

2 5W 0 0 3 - 2 0" X 1 -N 

lSW0 0 3-2 0" XI-N 

W. M. Powell CO. 

W. M. Powell Co. 

AC 1 

Ac 

Ac 

Aci 

AC 

Ac 

Ac 

Ac 

Ac 

AC 

AC 

Pa 

Pa 

Ac 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

'e 

ve 

ve 

e 

lMOVSW0002 Gate valve Design analysis 
extrapolation 

30.3 Hz Bending at base Spectral 20", Electric 
motor operator 

Aux. bldg . 
elev. 572 
(20-22, G-H) 

acceleration of yoke arms 

Design analysis 
extrapolation 

Rigid 

Rigid 

Rigid 

Rig id 

Rig d 

Rig d 

Rigid 

Rigid 

Functional Spec tr a1 
acceleration 

8", manual Aux. bldg. 1SW0179 

lMOVSWOlO2 

lMOVSWOlOl 

1MOVSW0104 

1MOVSW0103 

1MOVSW0105 

1SW0439 

lRHOO1 

Gate valve 

Gate valve 

Gate valve 

Gate valve 

Gate valve 

Gate valve 

Gate valve 

Pump 

1SW205-8" X1-N 

1SW205-8" X1-N 

1 SW 1 0 2 - 8 " X 1 -N 

1SW102-8" X1-N 

1SWl.45-8" X1-N 

1SW145-8" X1-N 

8", electric 
motor operator 

Aux. bldg . Static analysis ASME draft/ANSI Design analysis 
extrapolation 

Functional Spec t r a1 
acceleration 

8",  electric 
motor operator 

AUX. bldg. Static analysis ASME draft/ANSI Design analysis 
extrapolation 

Functional Spectra 1 
acceleration 

8", eltctric 
motor operator 

Aux. bldg. Static analysis ASME draft/ANSI Design analysis Functional Spectral 
acceleration extrapolation 

Design analys 
extrapolation 

Design analys 
extrapolation 

Static analysis ASME draft/ANSI Functional Spectral 
acceleration 

8", electric 
motor operator 

Aux. bldg . S 

Static analysis ASME draft/ANSI Functional Spectral 
acceleration 

8", electric 
motor operator 

Aux. bldg. S 

Static analysis ASME draft/ANSI Design analysis 
extrapolation 

Design analysis 
extrapolation 

Functional Spec tr a1 
acceleration 

l o " ,  manual Aux. bldg . lSW100-10" X1-N 

Centrifugal, 
3000 GPM 

Static analysis ASME draft + 
pump + valve 
code 

Functional Spec tr a1 
acceleration 

Aux. bldg . 
elev. 542 
(22, L-M) 

lRHO 13 -1 4 " L-R 
1RH001-10" 1,-R 

Ingersoll-Rand 
Company 

1RH002 Pump 

1RH003 Heat exccanger 

1RH004 Heat exchanger 

1 RH8 749A Check valve 

Centrifugal, 
3000 GPM 

Aux. bldg . 
elev. 542 
(22, L-M) 

1 RH 0 1 4 - 1 4 " L- R 
lRHO 0 2- 10 " L-R 

Ingersoll-Rand 
Company 

Functional Spec tr a1 
acceleration 

Static analysis ASME draft + 
pump + valve 
code 

Design analys 
extrapolation 

Aux. bldg. 
elev. 563 
(20-21, L-M) 

1 RH 0 0 7 - 1 0 " L- R 
1RH001-10 " L-R 

Engineers and 
Fabricators 

Static analysis ASME Sect. VI11 Vertical she1 
and tube 

Design analys 
extrapolation 

Support 
structure 

Spectral 
acceleration 

Vertical shell 
and tube 

1 RH 0 0 8 - 1 0 " L- R 
1RH002-10" L-R 

Aux. bldg . 
elev. 563 
(20-21, L-M) 

Engineers and 
Fabricators 

Static analysis ASME Sect. VI11 Design analysis 
extrapolation 

support structure Spec tr a1 
acceleration 

8 " Containment 
elev. 586 
(28-29) 

lROO 0 7-8 " E-R Static analysis ASME dra f t/ANS I Functional Spec tr a1 
acceleration 

Design analysis 
extrapolation 
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Summary of Zion safety-related components (continued). 

Dynamic 
Fragility Fragility P&I ID 

number Component Description Location Pipe run Manufacturer Function qual. method criteria determination Frequencies mode parameter 
response Seismic Acceptance 

1RH006-12" L-R 

1RH015-14" E-R 

1RH015-14" E-R 

1RH015-14" E-R 

Active Static analysis ASME draft/ANSI 
(valve) test 
(opera tor ) 

Design analysis 
extrapolat ion 

Functional Spectral Rigid 
acceleration 

1MOVRH9 0 0 0 

1MOVRH870 2 

1MOVRH8701 

1MOVRH8700A 

Gate valve 12", electric 
motor operator 

Aux. bldg. 
elev. 580 
(23-23, P-R) 

Gate valve 14", Electric 
motor operator 

Containment 
elev. 579 
(2-7 1 

Copes-Vulcan, Active 
Inc. 

Rigid Functional 

Functional 

Functional 

Spectral 
acceleration 

Static analysis ASME draft/ANSI 
(valve) test 
(opera tor ) 

Static analysis ASME draft/ANSI 
(valve) test 
(operator) 

Design analysis 
extrapolat ion 

A'ctive Copes-Vulcan, 
Inc. 

Gate valve 14", electric 
motor operator 

Containment 
elev. 579 
(2-5, 2-6) 

Design analysis 
extrapolation 

Rigid Spec t r a1 
acceleration 

i Darling Valve Active 
Company I 

Gate valve 14", electric 
motor operator 

Static analysis ASME draft/ANSI 
(valve) test 
(opera tor ) 

Rigid Spectral 
acceleration 

Aux. bldq. 
elev. 546 
(21-23, L-M) 

Design analysis 
extrapolation 

3 ! 
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Equipment Co. 

Company 

Company 
1 

! 
Summary of Zion safety-related components (continued) . , 

> 
Dynamic 

i Seismic Acceptance response Fraglllty Fraq 111 ty 
parameter 

1 
I P&I ID 

number Component Description Location Pipe run I4anu f ac t ur er Func,tion determination Frequencies mod e qual, method criteria 

I '1 10" Aux. hldg. 
elev. 548 
(21-23, I<-L) 

1RH O O 1-1 0 " L-R Aloyco, Inc. ACti;Ve 

I 
Act 

1RHOo1-10" L-R Darling Valve 
Company 

Static analysis ASME draft/ANSI Design analysis Rigid 
extrapolation 

Functional acceleration Spec tr a1 1RH8 73 OA 

1RH8 7 2 8A 

1RH8724A 

1 RHHOV6 0 6 

1MOVRH8716A 

1RHHCV6 18 

lMOVRH8 7 16C 

lMOVRH8716B 

1RHHCV607 

1RH8 7 2 4B 

1RH8 7 2 8B 

1RH8730B 

1RH8726B 

Check valve 

I l o " ,  manual 1 Gate valve Aux. bldg. 
elev. 553 
(20-21, L-M) 

Static analysis ASME boiler and Design analysis 33 Hz 
pressure vessel extrapolation 
code: Sect. VI11 

Spectral 
acceleration yoke Bolt to failure bonnet 

I 
Act ire 

i 
1RHOO1-10" L-R Darling Valve 

Company 

I 

Act e 

1RHOO7-10" L-R Continental 
Equipment Co. 

Gate valve Static analysis ASME boiler and Design analysis 33 Hz 
pressure vessel extrapolation 
code: Sect. VI11 

Spectral 
acceleration yoke Bolt to failure bonnet 

lo", manual Aux. bldg . 
elev. 553 
(20-21, L-M) 

I 
l o " ,  pneumatic, 1 

diaphragm 
operator 

8", electric 
motor operator 

1 Butterfly 
control valve 

Aux. bldg. 
elev. 554 
(20-21, L-M) 

Static analysis ASME draft/ANSI Design analysis Rigid 
extrapolat ion 

Functional Spec tr ai 
acceleration 

i 1RHOO9-8" L-R Darling Valve Act iye 
Company I 

Gate valve Aux. bldg. 
elev. 557 
(20-21, L-M) 

Static analysis ASME draft/ANSI Design analysis Rigid 
(valve) test ex t r apo la t ion 
(opera tor ) 

Spec tr a1 
acceleration 

Functional 

I 
lRHOO5-8" L-R Continental AC t ige 

Equipment Co. 
i 

Active i 

Act ire 
lRH0 10-8 " L-R Darling Valve 

Company 

\ 1RHOI.O-8" L-R Darling Valve 
Company 

Butterfly 
control valve 

8'@, pneumatic, 1 
I diaphragm 

operator I 
Aux. bldg . 
elev. 555 
(20-21, L-M) 

Static analysis ASME draft/ANSI Design analysis Rigid 
extrapolat ion 

Functional Spectra 1 
acceleration 

Gate valve 8", electric i 
motor operator ' 

Aux . bldg . 
elev. 557 
(20-21, L-M) 

Static analysis ASME draft/ANSI Design analysis Rigid 
(valve) test 
(opera tor ) 

Spectral 
acceleration 

Functional 

Gate valve 8", electric 
motor operator 

Aux. bldg . 
elev. 557 
(20-21, L-M) 

Static analysis ASME draft/ANSI Design analysis Rigid 
(valve) test extrapolat ion 
(opera tor ) 

Spectral 
acceleration 

Functional 

Butterfly 
control valve 

lo", pneumatic, 
diaphragm 
operator 

lo", manual 
j 

Aux. bldg . 
elev. 554 
(20-21, L-M) 

Static analysis ASME draft/ANSI Design analysis Rigid 
extrapolation 

Spectral 
acceleration 

Functional 

Gate valve Aux. bldg . 
elev. 554 
(20-21, L-M) 

Static analysis ASME boiler and Design analysis 33 Hz 
pressure vessel extrapolation 
code: Sect. VI11 

Bolt failure Spectral 
yoke to bonnet acceleration 

Gate valve lo", manual 1 

i 
Aux. bldg . 
elev. 553 
(20-21, L-M) 

Static analysis ASME boiler and Design analysis 3 3  Hz 
pressure vessel extrapolation 
code: Sect. VI11 

Spec tr a1 Bolt failure 
yoke to bonnet acceleration 

~ 

10" ! 
I 
1 

Check valve Aux. bldg . 
elev. 546 
(21-23, M-N) 

Static analysis ASME draft/ANSI Design analysis Rigid 
extrapolation 

Spec tr a1 
acceleration 

Functional 

Gate valve 8", manual 1 
I 

Aux. bldg . 
elev. 553 
(20-21, L-M) 

Static analysis ASME draft/ANSI Design analysis Rigid 
extrapolation 

Spec t r  a1 
acceleration 

Functional 
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Summary of Zion safety-related components (continued). 

Fragility 
mode parame te r 

Frag il i ty 
Dynamic I 
response I 

I 
Acceptance P&I ID Seismic 

number Component Description Location Pipe run Manufacturer Function qual. method criteria determination Frequencies 

I 

3 

Design analysis 
extrapolat io: 

n , . v  k1A- 
nufi.  " I U Y .  

1 4 1 1  ,.l-,.l-"<- 
" U I V C  I% , C&.SCCL*C 

1 I J n T I D v O  
&..I"" ,,,"72C:9 Sat2 * * =  l '.A 

motor operated elev. 546 
(21-23, L-M) 

Static analysis 
(valve) test 
(operator) 

ASME draft/ASNI Rig id Functional Spectral 
acceleration 

Rigid 

I 

extrapolation Design analyiis 

I 
Support 
structure 

Spectral 
acceleration 

Boron injection Vertical, skirt Outside 
tank mounted containment 

(23-24, R) 
elev. 592 

1 S I 0 7 8 - 4 " E-R 
1 SI 0 8 3 -4 'I E -R 

Passive Dynamic 
analysis 

ASME Sect. VI11 s1002 

Design analysis I 
extrapolation 

I 

Accumulator Liquid Containment 
tank 1A pressurized bldg. (25-26) 

elev. 568 

1SIO36-10" L-N Delta Southern Passive 
Company 

Support 
s truc tu r e 

acceleration Spectral 1S1005 

1SI8949D 

Dynamic 
analysis 

ASME Sect. VI11 

Design analysis 
extrapolation 

1.5 I12 5- 8 " El-R Copes-Vulcan, Active 
Inc. 

Rigid 

Rig id 

Rigid 

Rigid 

Functional Spectra 1 
acceleration 

Check valve 8" Containment 

elev. 585 
bldg. (21-22) 

Static analysis ASME draft/ANSI 

1.518924 Diaphragm 
valve 

4", manual Functional Design analysis 
extrapolation 

Aux. bldg . 
elev. 569 
(23-25, L-M) 

1s I1 2 0-4 " AA-R Gulf Energy & Active 
Environmental 
Systems 

Active 

Static analysis ASME d ra f t/ANS I Spec tr a1 
acceleration 

8", manual Design analysis extrapolation I 

I 
Design analysis I .  
extrapolation 

I 

Functional Spectral 
acceleration 

1518735 Gate valve 1SIOO3-8" L-R Static analysis ASME draft/ANSI 

E", motor 
operator 

oarling Valve Active 
company 

Static analysis ASME boiler and 
pressure vessel 
code: Sect. VI11 

Bolt failure Spectra 1 
yoke to bonnet acceleration 

1MOVSI8804A Gate valve Aux. bldg. 
elev. 556 
(23-25, L-M) 

1SI 0 0 1- 8 'I L-R 

4 
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P- 
Summary of Zion safety-related components (continued). i 

I 

I e I Dynamic 
Fragility 
parameter 

Frag il ity P&I ID Sei sin ic Acceptance response 
number Component Description Location Pipe run qual. method criteria de termination Frequencies inode Manufacturer Function 

i 

1s IO 3 6- 10 " E-R 

1SIO36-10" E-R 

1s I 0 3 6 - 1 0 " E- R 

1SIOO4-10" L-R 

1 S I 0 0 5 - 1 0 I' L-R 

1SIOO5-10" L-R 

1 S I12 3- 8 " E-R 

1s I1 2 4 - 8 " E-R 

1SI123-8" E-R 

1SI124-8" E-R 

1s I 0 0 8 - 1 8 " AA- R 

1s IO 0 7-1 8 " AA-R 

1 S I 0 0 6- 12 " AA-R 

1SIOO6-12" AA-R 

Darling Valve 
Company 

Static analysis ASME draft, ANSI Rig id 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Functional Spec t r a1 
acceleration 

1SI8948A 

1 S I8 9 56A 

lMOVSI8406A 

1MOVSI8809A 

lMOVSI8809B 

1SI8957B 

Check valve 10" Containment 

elev. 587 
bldg . (25-26) 

Design analysis 
extrapolation 

10" Static analysis ASNE draft, ANSI Des ig n ana 1 y s i s 
extrapolation 

Check valve Darling Valve 
Company 

Functional 

Functional 

Spec t r a1 
acceleration 

Static analysis ASME draft, ANSI 
(valve) test 
(operator) 

Design analysis 
extrapolation 

Gate valve lo", electric 
motor operated 

Containment 

elev. 576 

Aux. bldg. 
elev. 593 

bldg. (26-2 
Spec t r a1 
acceleration 

Needle valve, 
motor operator 

lo", electric 
motor operator 

Functional Velan 
Engineer i.ng 

Static analysis ASME draft, ANSI 
(valve) test 
(operator ) 

Static analysis ASME draft, ANSI 
(valve) test 
(operator) 

Static analysis ASME draft, ANSI 

Design analysis 
extrapolation 

Spectral 
acceleration 

(23-25, P-R) 

Needle valve, 
motor operator 

lo", electric 
motor operator 

AUX. bldg . 
elev. 592 
(23-25, P-R) 

Velan 
Engineering 

Design analysis 
extrapolation 

Functional 

Functional 

Functional 

Spec t r a1 
acceleration 

Check valve 10" Containment 
elev. 591 
(24-25) 

Dar 1 ing Valve 
Company 

Design analysis 
extrapolation 

Spectral 
acceleration 

S I9002C Check valve 8" Containment 
elev. 572 
(24-25) 

Darling Valve 
Company 

Static analysis ASME draft, ANSI Design analysis 
extrapolation 

Spectral 
acceleration 

SI9002D 

1s I9 OOlC 

8 " 

8 " 

Functional 

Functional 

Check valve 

Check valve 

Containment 
elev. 574 

Static analysis ASME draft,ANSI Design analysis 
extrapolation 

Darling Valve 
Company 

Spec tr a1 
acceleration 

Static analysis ASME draft,ANSI Containment 
elev. 581 
(214-215) 

Darling Valve 
Company 

Design analysis 
extrapolation 

Spectr a1 
acceleration 

lSI9001D Check valve 8 " Functional Containment 
elev. 582 
(25-26) 

Static analysis ASME draft, ANSI Spec tr a1 
acceleration 

Darling Valve 
Company 

Design analys 
extrapolat ion 

S 

lMOVSI8811B Gate valve 

lMOVSI8811A Gate valve 

lMOVSI8812B Gate valve 

18", electric 
motor operator 

Functional Aux. bldg . 
elev. 557 
(25-27, M-N) 

static analysis ASME draft, ANSI 
(valve ) test 
(operator ) 

Design analysis 
extrapolation 

Spec tr a1 
acceleration 

la", electric 
motor operator 

Static analysis ASME draft, ANSI 
(valve ) test 
(opera tor) 

Aux. bldg. 
elev. 557 
(25-27, M-N) 

Design analysis 
extrapolation 

Functional 

Functional 

Functional 

Spec tr a1 
acceleration 

12", electric 
motor operator 

Aux. bldg . 
elev. 568 
(23-24, M-N) 

Darling Valve 
Company 

Static analysis ASME draft, ANSI 
(valve) test 
(operator ) 

Static analysis ASME draft, ANSI 
(valve ) test 
(.sparetor! 

Spec tr a1 
acceleration 

Design analys 
extrapolation 

lMOVSI8812A Gate valve 12", electric 
motor operator 

Aux. bldg . 
elev. 559 
(23-24, M-MN) 

Darling Valve 
Company 

Design analys 
extrapolation 

Spec tr a1 
acceleration 
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Summary of Zion safety-related components (continued). 

3 Dynamic 
response Fragility Fragility P&I ID Seismic Acceptance 

number Component Description Location Pipe run Manufacturer qual. method criteria determination Frequencies mode parameter Function 

1SI8958 

lMOVSI9010A 

lMOVSI901OB 

1 MOVS I 8 6 0 1A 

1 MOVS I8 6 0 1B 

lMOVSI8807A 

lMOVSI8807A 

Check valve 12" Aux. bldg. 
elev. 556 
(21-23, M-N) 

1s IO 0 6-1 2 " AA-R 

1SIO75-4" E-R 

1 SI 0 0 7- 4 " E-R 

1SIO89-4" E-R 

Static analysis ASME draft,ANSI Design analysis 
extrapolation 

Spectr a1 
acceleration 

Rigid Functional Passive 

Active 

Active 

Active 

Active 

Active 
I 

I 

Active 

I 

, 
I 

Darling Valve 
Company 

Gate valve, 
motor operator 

4", electric 
motor operator 

Aux. bldg. 
elev. 568 
(23-24, K-L) 

Design analysis 
extrapolation 

Rigid Functional acceleration Spectral Static analysis ASME draft,ANSI 
(valve) test 
(operator) 

Aux. bldg . 
elev. 568 
(24-26, K-L) 

Darling Valve 
Company 

Gate valve, 
motor operator 

4", electric 
motor operator 

Static analysis ASME draft,ANSI 
(valve) test 
(opera tor ) 

Design analysis 
extrapolation 

Rigid Functional Spectral 
acceleration 

Static analysis ASME draft,ANSI 
(valve) test 
(opera tor ) 

Design analysis 
extrapolation 

Spec tr a1 
acceleration 

Rigid Functional Gate valve, 
motor operator 

4", electric 
motor operator 

1 SI 0 8 7- 4 " E-R Functional Gate valve, 
motor operator 

4", electric 
motor operator 

Static analysis ASME draft, ANSI 
(valve) test 
(opera tor ) 

Design analysis 
extrapolation 

Rigid Spectral 
acceleration 

Gate valve, 
motor operator 

4", electric 
motor operator 

Aux. bldg . 
elev. 511 
(23-25, L-M) 

1SI121-4" AA-R 

1SI120-4" AA-R 

Darling Valve 
Company 

Functional 

Functional 

Static analysis ASME draft,ANSI 
(valve) test 
(operator) 

Static analysis ASME draft,ANSI 
(valve) test 
(opera tor ) 

Design analysis 
extrapolation 

Rigid Spectral 
acceleration 

Gate valve, 
motor operator 

4", electric 
motor operator 

Aux. bldg . 
elev. 569 
(23-25, L-M) 

Darling Valve 
Company 

Design analysis 
extrapolation 

Rigid Spec tr a1 
acceleration 

I 
1 ! 
i i I 

'1 

! 
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I 

Summary of Zion safety-related components (continued) . 
I I 

I 
I Dynamic 

response 
determination 

Fragility 
parameter 

Fragility 
mode 

P&I ID 1 Seismic Acceptance 
number Componen t Description 1 Location Pipe run Manufacturer Fun: t i m  qual. method Frequencies criteria 

1MOVCS0050 Gate valve 8", motor 
opera tor 

1s IO 02-8 " L-R 

1SIOO1-8" L-R 

ivci22-a" AA-R 

Static analysis 
(valve) test 
(opera tor ) 

ASME draft/ANSI Design analysis 
extrapolation 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Functional acceleration Spectral 

1MOVCS0049 Gate valve 8", motor 
opera tor 

Static analysis 
(valve) test 
(operator) 

ASME draft/ANSI Design analysis 
extrapolat ion 

Functional Spectral 
acceleration 

1VC8 54 6 Check valve 8" Static analysis ASME draft/ANSI 

ASME draft/ANSI 

Design analysis 
extrapolation 

Functional 

Functional 

Spec tr a1 
acceleration 

1MOV-VC-LCV Gate valve 
112-E 

8", motor 
operator 

1VC 12 1- 8 " AA- R Static analysis 
(valve) test 
(operator) 

Design analys 
extrapolation 

acceleration Spec tr a1 

1MOV-VC-LCV Gate valve 
112-D 

8", motor 
operator 

1 VC 12 1 - 8 " AA-R Static analysis 
(valve) test 
(operator) 

ASME draft/ANSI Design analys 
extrapolation 

Functional Spectral 
acceleration 

VC84 8 1B Check valve , 4 " 1VO77-4" E-R 

lVCO 7 8 - 4 " E- R 

1 VC 2 5 6 - 3 " E-R 

1VCO73-4" E-R 

Static analysis ASME draft/ANSI 

ASME draft/ANSI 

ASME d r a f t/ANS I 

ASME draft/ANSI 

ASME draft/ANSI 

ASME dr a f t/ANS I 

ASME draft/ANSI 

ASME draft/ANSI 

ASME dr a f t/ANS I 

ASME draft/ANSI 

Design analysis 
extrapolation 

Functional 

Functional 

Functional 

Functional 

Functional 

Functional 

Functional 

Functional 

Functional 

Functional 

Spectral 
acceleration 

VC8 4 8 1A Check valve 4 " Static analysis Design analysis 
extrapolation 

Spectral 
acceleration 

1VC8 3 8 7B Globe valve 3 " Static analysis Design analysis 
ext rapalat ion 

Spectral 
acceleration 

1VC8 4 8 5 B Gate valve 4 " Static analysis Design analysis 
extrapolation 

Spectral 
acceleration 

1 VC8 4 8 SA Gate valve 4 I' 1 VC 0 7 8 - 4 I' E-R 

lVCO 7 3 - 4 " E- R 

1VC 0 7 3 - 4 " E-R 

Static analysis Design analysis 
extrapolation 

Spec tr a1 
acceleration 

1VC 8 4 8 3 B Globe valve 4 " Static analysis Design analysis 
extrapolation 

Spec tr a1 
acceleration 

WCFCVOl2 1 Globe valve 4 " Static analysis Design analysis 
ex t r apo la t ion 

acceleration Spectral 

1VC8483A Globe valve Static analysis Design analysis 
extrapolation 

4" 

3" 

3 " 

1VCO73-4" E-R 

1 VC 2 5 5- 3 " E- R 

lVCO 7 9 - 3 " E- R 

Spec tr a1 
acceleration 

1VC8387A Globe valve Static analysis Design analysis 
extrapolation 

Spectral 
acceleration 

1VC8 3 6 5 Globe valve Static analysis Design analysis 
extrapolation 

acceleration Spectral 
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I 
I 

Dynamic 
P&I ID Seismic Acceptance response 

3 
Fragility Fragility 

/p?.-' 

Summary of Zion safety-related components (continued). 

( ope r a tor ) code Sect. VI11 
and App. I1 

1VC8401 Check valve 3" 

1MOV-VC Gate valve 3", motor 
8106 operator 

1MOV-VC Gate valve 3 " ,  motor 
8105 opera tor 

1 VC 0 7 9- 3 " E- R 

1VC G 7 3 - 3 " E- R 

1VCO73-3" E-R 
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Act ije 

Active 

Passive 

Passive 

Passive 

Passive 

Pass 've 

ve 

I 
I Summary of Zion safety-related components (continued). 

i 
Dynamic 
response Fragility Fragility 

Component Description Location Pipe run Manufacturer qual. method criteria determination mode parameter Frequencies Function 
1 

Acceptance Seismic j P&I ID 
number 

1VC006 Charging Centrifugal Aux. bldg . 1VCO91-6" AA-R 
pump 1A (23-24 , K-1) 1VCO77-4" E-R 

elev. 579 

Static analysis ASME code 
Section VI11 

Design analysis 
extrapolation 

33 Hz 

33 Hz 

33 HZ 

Rigid 

Rigid 

Rigid 

Rigid 

Spectra 1 
acceleration 

Functional 

1VC007 Charging 
pump 1B 

Centrifugal Aux. bldg. 1VC 0 9 2-6 " AA-R 
(24-25,. K-1) 1VCC78-4" E-R 
elev. 579 

Static analysis ASME code 
Section VI11 

Design analysis 
extrapolation 

Functional Spectral 
acceleration 

lVC0 0 8 Charging 
pump 1C 

Functional Spectral 
acceleration 

Reciprocating Aux . bldg . 1VC 0 9 3 - 4 " AA- R 
(25-26, K-1) 1VCO79-3" E-R 
elev. 579 

ASME code 
Section vIII 

Act Static analysis Design analys 
extrapolation 

S 

3", manual 1VC091-3E-R 1 VC 8 4 0 2 B Globe valve Static analysis 

Static analysis 

Static analysis 

Static analysis 

ASME draft/ANSI Design analysis 
extrapolation 

Functional 

Functional 

Functional 

Functional 

Spectral 
acceleration 

1VCHCV- Globe valve 
182 

3" ,  hydraulic 
operator 

1VC091-3E-R ASME draft/ANSI Design analysis 
extrapolation 

Spec tr a1 
acceleration 

1VC8 4 0 2A Globe valve 3", manual 1VC091-3E-R ASME draft/ANSI Design analysis 
extrapolation 

Design analysis 
extrapolation 

Spectral 
acceleration 

3", manual 1VCO9 1- 3E-R 1vc 0 11 - 
3E-R 

Globe valve ASME draft/ANSI Spectra 1 
acceleration 

Nuclear Steam Supply System 

lRCOOl Reactor vessel Reanalysis 8 Hz Structural at 
outlet nozzle 

Bending moment 
at outlet 
nozzles 

Containment 
bldg . 
560-600 

Combustion 
Engineering 

Dynamic analysis 

Dynamic analysis 

ASME code 
Section 111 

lRCllO 

1RC210 

1RC310 

Reactor 1A 
coolant pump 

1RC002-31" E-1R 
1R003-27.5" E-1R 

ASME code 
Section 111 

Reanalysis 

Reanalysis 

Reanalysis 

Reanalysis 

low 4 Hz 

low 4 Hz 

low 4 Hz 

Structural Spectral 
acceleration 

Containment 
bldg. 26 
elev. 580-600 

Westinghouse 

Reactor 1c 
coolant pump 

1RCO34-31" E-1R 
1RC035-27" E-1R 

Containment 
bldg. Zll 
elev. 580-600 

Westinghouse Dynamic analysis 

Dynamic analysis 

ASME code 
Section 111 

Structural Spectra 1 
acceleration 

Reactor 1D 
coolant pump 

Containment 
bldg. 215 
elev. 580-600 

1RCO69-31" E-1R 
1RCO70-27.5" E-1R 

Westinghouse ASME code 
Section 111 

Structural Spectra 1 
acceleration 

1RC410 1B Reactor 
coolant pump 

Spectral 
acceleration 

Containment 
bldg. 23 
elev. 580-600 

1RC121-31" E-1R 
1RC122-27.5" E-1R 

Westinghouse Dynamic analysis 

Dynamic response 

ASME code 
Section 111 

low 4 Hz Structural 

lRClOO 

1RC200 

Steam 
generator 

1A 

1c 

Reanalysis 

Reanalysis 

10 Hz tubes Bending stress 
in the tubes 

Containment 
bldg. 28 
elev. 584-655 

1RCOO1-29 " E-1R 
1RCOO2-31" E-1R 

Westinghouse ASME boiler and Spectral 
acceleration spectrum analysis pressure vessel 

code, Sect. 111 

Steam 
generator 

Containment 
bldg. 210 
elev. 584-655 

1RCO33-29" E-1R 
1RCO34-31" E-1R 

Dynamic response ASME boiler and 
spectrum analysis pressure vessel 

code, Sect. 111 

Westinghouse Pass 10 Hz Cubes Bending stress Spectral 
in the tubes acceleration 
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Summary of Zion s a f e t y - r e l a t e d  components ( c o n t i n u e d ) .  

Dynamic 
Fragility Fragility 

determination Frequencies mode parameter 
Acceptance response P&I ID Seismic 

number Component Description Location Pipe run criteria qual. method Manufacturer Function 

Westinghouse Passive 1RC300 Steam 1D 
generator 

Containment 1RC068-29" E-1R 

elev. 584-655 
bldg . 216 lRCO 6 9-3 1 " E-1 R 

Dynamic response ASME boiler and 
spectrum analysis pressure vessel 

code, Sect. I11 

Bending stress Spectral 
in the tubes 

10 Hz tubes Reanalysis 
acceleration 

1RC400 

1RC002 

Steam 
generator 

1B 

1800 ft3 

Containment 1RC110-29" E-1R 

elev. 584-655 
bldg. 21 1RC121-31" E-1R 

Westinghouse 

Westinghouse 

Passive Dynamic response ASME boiler and 
spectrum analysis pressure vessel 

code, Sect. 111 

10 Hz tubes Bending stress Spectral Reanalysis 
acceleration in the tubes 

Pressurizer Containment 1 RC14 0-1 4 " E-1R 

elev. 580-647 
bldg. 22 lRCl4 2 - 4 " E-1 R 

Dynamic response 1971 ASME boiler 
spectrum analysis and pressure 

vessel code, 
Section 111 

Reanalysis .7 Hz (sloshing) Support skirt Bending moment 
at base of 
support skirt 

27 Hz (heater) structure 
Rigid (vessel) 

Passive 

1MPVRC- 
8001C 

Gate valve 

Gate valve 

Gate valve 

Gate valve 

29", motor 
operator 

Reanalysis 

Reanalysis 

Reanalysis 

Reanalysis 

Functional 

Func t iona 1 

Functional 

Functional 

Containment 1RC068-29" E-1R 
bldg . Active 

P,c t ive 

Active 

Static analysis Draft ASME 
(valve) test 
(operator) 

code/ANS I 
Rigid acceleration Spec tr a1 

1MOVR- 
8001B 

29", motor 
operator 

containment 1RCO33-29" E-1R 
bldg . Static analysis Draft ASME 

(valve) test code/ANS I 
(opera tor ) 

Rigid Spectral 
acceleration 

1MOVRC- 
8001A 

29", motor 
opera tor 

Containment 1RCOO1-29" E-1R 
bldg . Static analysis Draft ASME 

(valve) test code/ANS I 
(opera tor ) 

Rigid Spec tr a1 
acceleration 

1MOVRC- 
8001D 

29", motor 
operator 

Containment 1RC110-29" E-1R 
bldg . Active Static analysis Draft ASME 

(valve ) test 
(operator) 

code/ANS I 
Rigid Spec t r a1 -. 

acceleration 

I 
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Summary of Zion safety-related components (continued). 

I 

Compone tit DeSCK ipt ion Location Pipe run Manu f ac tu r er Funct 

Dynamic 
response Seismic Acceptance parameter: 

determina tion mode Fr equ t? nc i e s .on qual. method cr i ter ia 
P&I ID 
number 

Fraq i Li ty Fraqility 

Static analysis 
(valve) test 
(operator) 

i AC t lve 
1 

1 Active 

Ac t lV@ I Active 
I 

1 
I Active 
I 
I 

i 

i 
Active 

Act ivy I 

Activ$ I 

I 

j 

1 

Active 
1 

I 

' Containment 
' bldg. 

Draft ASME Code, 
ANSI 

Reanalysis Functional Rigid Spectral 
acceleration 

1RCOO3-27 -5" E-1R 1MOVRC- 
8002A 

Gate valve 27.5", motor 
opera tor 

Static analysis 
(valve) test 
(opera tor ) 

Reanalysis Rigid Functional Spectral 
acceleration 

containment 
bldg . 1RCO35-27.5" E-1R Draft ASME Code, 

ANSI 
1MOVRC- 
8002B 

Gate valve 2 7.5". motor 
operator 

Reanalysis Functional Rigid containment 
bldg . 1RCO70-27 -5" E-1R Static analysis 

(valve) test 
(opera tor ) 

Draft ASME Code, 
ANSI 

Spec tr a1 
acceleration 

1MOVRC- 
8002C 

Gate valve 27.5", motor 
operator 

Functional Reanalysis Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

Rigid 

acceleration Spec tr a1 Static analysis 
(valve) test 
(operator) 

Static analysis 

Draft ASME Code, 
ANSI 

Gate valve 27.5", motor 
operator 

containment 
bldg . 

1RC122-2 7 -5" E-1R 1MOVRC- 
8002D 

Functional 

Functional 

Functional 

Functional 

Functional 

Functional 

Functional 

Reanalysis 

Reanalysis 

Reanalysis 

Reanalysis 

Reanalysis 

Reanalysis 

Design analysis 
extrapolation 

Spectr a1 
acceleration 

4", manual 1RC142-4" E-1R Draft ASME Code, 
ANSI 

1RC 0 0 2 2 Gate valve Containment 

Static analysis Spec tr a1 
acceleration 

1PVC-RC07 Globe control 
valve 

4" 1RC 14 2- 4 'I E- 1 R Draft ASME Code, 
ANSI 

Containment 
bldg . 

Static analysis Spec tr a1 
acceleration 

lRC0 0 2 3 Gate valve 4". manual Containment 
bldg 

Containment i bldg. 

1RC142-4" E-1R Draft ASME Code, 
ANSI 

Static analysis Spectral 
acceleration 

1RC0020 Gate valve 4". manual 1RC14 1-4 " E-1R Draft ASME Code, 
ANS I 

Static analysis Spec tr a1 
acceleration 

1PCV-RC06 1 RC 1 4 1- 4 'I E- 1 R Draft ASME Code, 
ANS I 

Globe control 
valve 

4 " Containment 
, bldg. 
! 
' Containment 
bldg . 

Spectral 
acceleration 

Static analysis Draft ASME Code, 
ANSI 

lRC0 0 2 1 Gate valve 4", manual 1R141-4" E-1R 

Static analysis Draft ASME Code, 
ANSI 

Spec tr a1 
acceleration 

lRC0 0 2 1 Gate valve 4", manual 1 Containment 
bldg . 1RC141-4 E-1R Activ 

' Containment 
bldg. at 

pressurizer I 
I top of 

1RC157-6" E-1R 
1RC156-6" E-1R 
1 RCl5 5- 6 " E-1 R 

1RC8010A 
1RC 8 0 1 OB 
1RC801OC 

Pressurizer 
relief valve 

6" 

Miscellane+s Electrical Components 
~ 

I Diese1,Gener- NA 
1 ator bldg. 

j elev. 592 
~ (29-35, G-J) 

Diesel 
generator 
system 

T e s t  and static 
analysis 

Design analysis 
extrapolation 

5 HZ (control Tripping of 
panel) relays 

Spec tr a1 
acceleration 

Cooper-Bessemer Activ 

Passi 

Functional & 90% 
of yield for 
structural fail- 
ure modes 

API code e Diesel, Gener- NA 
ator bldg . 1 (31-35, G-J) 
54.L". 56:: 

I Analysis Diesel 50,000 gal 
generator oil 
storage tank 

Design analysis 
extrapolation 

Spectral 
acceleration 
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Summary of Zion safety-related components (continued). I 
1 

Dynamic 
response Fragility Fragility P&I'ID 

parameter number Component Description Location Pipe run Manufacturer qual. method criteria Frequencies mode determination Function 
Acceptance Seismic 

3 

Motor control 
centers & l & C  
panels 

Aux. bldg. 

elev. 642 
(17-23, G-J) 

NA 

NA 

Active 

Active 

Test Function Design analiysis 
extrapolation 

Spectral 
acceleration 

Functional 

Aux. bldg . 
elev. 617 

elev. 642 

(31-34, G-H) 

(31-34, G-J) 

Test Function Design analysis 
extrapolation 

j 
Functional acceleration Spectral Switchgear 4160 

1 

Design analysis I 
ex t r a po 1 a t i,o l n 

Sw i tchgear Aux. bldg . 
elev. 617 
(31-34, H) 

480 NA Active Test Function Functional acceleration Spectral 

Anchor bolting Spectral 
I 

Static analysis AISC code Design analysis 15 to 20 
(rocks ) 
test (chargers) 

extrapolation acceleration 

I 

Battery racks Aux. bldg . 
elev. 642 
(25-29, K-L) 

NA Passive 

Battery chargers 
(static) 

Aux. bldg . 
elev. 642 
(25-29, K-L) 

NA passive Test Design anaiysis 33 HZ Functional Spec tr a1 
extrapolation failure acceleration 

No qualification AISC code 
specified 

Design analysis Low frequencies Structural Spectral 
acceleration extrapolation 4 to 10 HZ 

Cable tray Throughout 
plant 

NA 

NA 

NA 

NA 

Passive 

Active 

Active 

Active 

Test 

Test 

Functionability Design analysis 5 - 15 HZ Function Spec tr a1 
acceleration extrapolatlon 

Functionability Design analysis 5 - 15 HZ Function Spec tr a1 
extrapolation acceleration 

Aux. relay 
cabinets 

Aux . bldg . 
elev. 642 

Breaker panels Aux . bldg . 
elev. 642 

Test Functionability Design anaiysis 5 - 15 ~z Function Spec tr a1 
ex tr apola t on acceleration 

I 

Local 
instruments 

All locations 
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APPENDIX B 
REPORTS FROM THE U. S. ARMY CORPS OF ENGINEERS 

SAFEGUARD PROGRAM USED BY THE SSMRP IN FRAGILITY DEVELOPMENT 

The major source of actual experimental data on failure of components as a 
function of local base acceleration found by the Seismic Safety Margins 
Research Program (SSMRP) for use in developing component fragility functions 
for the Zion Nuclear Power Plant was the data obtained in the U.S. Army Corps 
of Engineers SAFEGUARD program. This 11-year program, conducted as part of a 
missile-site hardening effort, included tests of both mechanical and 
electrical components. The ,items tested were off-the-shelf and were typical 
of components used in commercial reactors in the late 1960s, and some of the 
results are thus directly aiplicable to the Zion power plant. 
programs involving shaker table tests of approximately 300 items were 
conducted. 
prescribed acceleration spec,trum. 
test. 
functional and structural failure. Typically, components were tested to over 
15 g peak acceleration. Out of the nearly 300 reports generated in the 
SAFEGUARD program, 63 were found to be directly applicable to components 
needed in the SSMRP. 

Sixty-four test 

Excitation consisted of sine beat pulse tests, selected to fit a 
Equipment function was monitored during the 

Thus these were truly, tests of fragility with respect to both 

The following tables list the reports used by the SSMRP and indicate the 
component categories applicable to each report. 
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U. S. Army Corps of Engineers Huntsville subsystem hardness reports 
used by SSMRP for fragilities development. 

Report 
No. Huntsville subsystem hardness report 

Applicable* 
categories 

1 

. 

2 

5 

6 

7 

a 
11 

3 9 

10 
G) 

"A Quasi-Probabilistic Method for Evaluation Conser- 
vatism in the Design of Protective Facilities," 
Document Nos. SAF-102, SA!?-103, SAF-105, Prepared by 
RMP, issued date 3-1-75 

"Screening of M/C Subsystem Equipment for Hardness 
Testing," Document Nos. PAR-CRI-A&W-94, (Vol. 11) 
Prepared by A&W, issued date 6-72 

"Screening of M/C Subsystem Equipment for Hardness 
Testing," Document Nos. PAR-CRI-A&W-94, (Vol. I11 
Part 1) Prepared by A&W, issued date 6-72 

"Screening of M/C Subsystem equipment for Hardness 
Testing," Document Nos. PAR-CRI-A&W-94, (Vol. 111 
Part 2) Prepared by A&W, issued date 6-72 

"Shock Test Program, Air Handling Unit (H06AU), For 
Safeguard TSE Systems and Equipment," Document Nos. 
HNDSP-74-325-ED-R, Prepared by CERL, issued date 
12-31-74 

"Shock Test Program, Piping Segment (PO2PC), For 
Safeguard TSE Systems Equipment." Chilled Water 
Segment Digital Rock Coding Segment Compressed Air 
Segment, Document Nos. HNDSP-74-326-ED-R, Prepared by 
CERL, issued date 12-31-74 

Shock Test Program, Piping Segment (P39PC), For 
Safeguard TSE Systems and Equipment.'' Chilled Water 
Circulating System, Document Nos. HNDSP-74-327-ED-R, 
Prepared by CERL, issued data 12-31-74 

"Shock Test Program, Piping Segment (P3OPC) For 
Safeguard TSE Systems and Equipment." Cooled Water 
Circulating System, Document Nos. HNDSP-74-328-ED-R 
Prepared by CERL, issued date 12-31-74 

"Shock Test Program Gas Turbo-Generator Assembly 
(EOlGT), For Safeguard TSE Systems and Equipment," 
Document Nos. HNDSP-74-329-ED-R, Prepared by CERL, 
issued date 12-31-74 

"Unit Substation (EO5SS) , (A), Motor Control Center ,I1 

Document Nos. HNDSP-74-331-ED-R, Prepared by CERL, 
issued date 12-31-74 

NA 

NA 

NA 

NA 

# 2 9  

1112, 17, 25 

#12, 17, 25 

NA 

#26 
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U. S. Army Corps of Engineers Huntsville subsystem hardness reports 
used by SSMRP for fragilities development. (continued) 

n 
Report Applicable* 

N o .  Huntsville subsystem hardness report categories 

11 

12 

13 

14 

1 5  

16 

17 

18 

19 

2 0  

"Unit Substation (EOSSS) (B), Voltage Regulator, 
Circuit Breaker," Document Nos. HNDSP-74-332-ED-R, 
Prepared by CERL, issued data 12-31-74 

"Unit Substation (E12SS) Motor Control Center," 
Westinghouse, 2 Cabinets with motor starters, 
Document N o s .  HNDSP-74-333-ED-R, Prepared by CERL, 
issued date 12-31-74 

"Unit Substation (E16SS) Transformers," Document Nos. 
HNDSP-74-334-ED-R, Prepared by CER1, issued date 
12-31-74 

"Unit Substation (E27SS), Circuit Breaker," Document 
Nos. HNDSP-74-335-ED-R, Prepared by CERL, issued date 
12-31-74 

"Unit Substation (E29SS), Circuit Breaker," Document 
Nos. HNDSP-74-336-ED-R, Prepared by CERL, issued date 
12-31-74 

"Shock Test Program, Motor Generator Set (E03GM), For 
Safeguard TSE Systems and Equipment," Document Nos. 
HNDSP-74-337-ED-R, Prepared by CERL, issued date 
12-3 1-7 4 

"Shock Test Program, Motor Generator Set (ElZGM), For 
Safeguard TSE Systems and Equipment," Document N o s .  
HNDSP-74-338-ED-R, Prepared by CERL, issued date 
12-31-7 4 

"Shock Test Program, Air Conditioner Test For Safe- 
guard TSE Systems and Equipment," Document Nos. 
HNDDSP-71-58-Ed-R, Prepared by Wyle, issued date 
5-15-72 

"Shock Test Program, Station Battery System For 
Safeguard TSE Systems and Equipment," AC Switchboard 
Document Nos. HNDDSP-72-69-ED-R, Prepared by Wyle, 
issued date 8-18-72 

"Shock Test Program - Electrical Panelboards Test - 
For Safeguard TSE Systems and Equipment," Document 
Nos. HNDDSP-72-64-ED-R, Prepared by Wyle, issued date 
9-30-72 

#22, 28 

#26 

#21 

#29 

# 29 

t18, 23 

#l8, 23, 26 

#30 

#19 

#24, 29 
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U. S. Army Corps of Engineers Huntsville subsystem hardness reports 
used by SSMRP for fragilities development. (continued) 

Report 
N o .  Huntsville subsystem hardness report 

Applicable* 
categories 

L. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

"Shock Test Program - Water Purification Units - For 
Safeguard TSE Systems and Equipment," Document N o s .  
HNDDSP-72-70-ED-R, Prepared by Wyle, issued date 
4-73  

"Shock Test Program, Water Chiller For Safeguard TSE 
Systems and Equipment," Document Nos. HNDSP-73-95- 
ED-R, Prepared by Wyle, issued data 4-1-73 

"Shock Test Program - Heat Exchanger - For Safeguard 
TSE systems and Equipment," Document N o s .  HNDSP-73- 
85-ED-R, Prepared by Wyle, issued data 4-30-73 

"Shock Test Program - Centrifugal Axial Fans - For 
Safeguard TSE Systems and Equipment," Document N o s .  
HNDSP-73-87-Ed-R, Prepared by Wyle, issued date 
4-30-73 

"Shock Test Program - Waste Disposal Pumps - For 
Safeguard TSE Systems and Equipment," Document N o s .  
HNDSP-73-88-ED-R, Prepared by Wyle, issued date 
4-30-73 

"Shock Test Program, Monitoring and Control Components 
For Safeguard TSE Systems and Equipment," Valves & 
Transmitting Devices, Document N o s .  HNDDSP-73-302-ED-RI 
Prepared by Wyle, issued data 12-31-73 

"Shock Test Program, Metal-Clad Switchgear For Safe- 
guard TSE Systems and Equipment," Document Nos. 
HNDSP-73-305-ED-R, Book 1 & 2, Prepared by Wyle, issued 
date 12-31-73 (27-1 Volume 81, 27-2 Volume #2) 

"Shock Test Program Piping Segments For Safeguard 
TSE Systems and Equipment," Document Nos. HNDSP-74- 
306-ED-R, Prepared by Wyle, issued date 3-31-74 

"Shock Test Program 660-Ton Chiller Components For 
Safeguard TSE Systems and Equipment," Document Nos. 
HNDSP-74-308-ED-R, Prepared by Wyle, issued date 
5-1-74 

"Shock Test Program Air Compressor Control Panel - 
Drive Motor For Safeguard TSE Systems and Equipment," 
Document Nos. HNDSP-74-309-ED-R, Prepared by Wyle, 
issued date 5-1-74 

NA 

NA 

t 9  

#30 

#12, 23 

#14, 17 

#20 

#9, 17, 25 

#12, 23, 26 
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U. S. Army Corps of Engineers Huntsville subsystem hardness reports 
used by'SSMRP for fragilities development. (continued) 

Report 
No. Huntsville subsystem hardness report 

Applicable * 
categories 

31 

32 

33 

34 

35 

36 

37 

3 8  

39 

"Shock Test Program, Switchgear Cabinet, Transfer 
Function Tests," Document Nos. HNDSP-73-91-ED-R, 
Prepared by Wyle, issued date 4-15-73 

"Shock Test Program, Generator Control Panel, For 
Safeguard TSE Systems and Equipment," Document Nos. 
HNDSP-74-310-ED-R, Prepared by Wyle, issued date 
6-1-74 

"Shock Test Program, Generator Neutral Breaker, For 
Safeguard TSE Systems and Equipment," Document Nos. 
HNDSP-74-312-ED-R, Prepared by Wyle, issued date 
7-15-74 

"Shock Test Program Electric Motor Control Centers 
(E52MC) (E87MC) For Safeguard TSE Systems and 
Equipment," Document Nos. HNDSP-74-315-ED-R, 
Prepared by Wyle, issued date 7-1-74 

"Shock Test Program Instrument Air Dryer For 
Safeguard TSE Systems and Equipment," Document NOS. 
HNDSP-74-316-ED-R, Prepared by Wyle, issued date 
9-30-74 

"Shock Test Program Monitor and Control Components 
For Safeguard TSE Systems and Equipment," Document 
Nos. HNDSP-74-320-ED-R, Prepared by Wyle, issued date 
12-31-74 

"Shock Test Program, Thermo Water Valve, For Safe- 
guard TSE Systems and Equipment," Document Nos. 
HNDSP-74-321-ED-R, Prepared by Wyle, issued date 
10-1-74 

"Shock Test Program, Temperature Switch (158TS), For 
Safeguard TSE Systems and Equipment," Document Nos. 
HNDSP-74-322-ED-R, Prepared by Wyle, issued date 
9-20-74 

"Shock Test Program, Generator Static Exciter/ 
Regulator, For Safeguard TSE Systems and Equipment,' 
Document Nos. HNDSP-74-323-ED-R, Prepared by Wyle, 
issued data 9-1-74 

12 0 

#20 

#23 

#20 

#26 

#17 

#17, 22, 25 

#17 

NA 

#20 



U. S. Army Corps of Engineers Huntsville subsystem hardness reports 
used by SSMRP for fragilities development. (continued) 

Report Applicable* 
No. Huntsville subsystem hardness report categories 

40 

41 

42 

43 

44 

4 5  

46 

47 

48 

"Shock Test Program, Diesel Engine Components and 
M&C Components, For Safeguard TSE Systems and 
Equipment," Fuel Pump, Control Cabinet, Regulators, 
Governors, & Transmitters, Document Nos. HNDSP-74-324- 
ED-R, Vol. I, Prepared by Westinghouse, issued date 
12-31-74 

"Shock Test Program, Diesel Engine Components and 
MCC Components, For Safeguard TSE Systems and 
Equipment," Fuel Pump, Control Cabinet, Regulators, 
Governors, & Transmitters, Document Nos. HNDSP-74-324- 
ED-R, Vol. 11, Prepared by Westinghouse, issued date 
12-31-74 

"Shock Test Program Compressor Control Oil Shutdown 
Switch For Safeguard TSE Systems and Equipment," 
Document Nos. HNDSP-74-340-ED-R, Prepared by Wyle, 
issued date 11-15-74 

"Shock Test Program Pressure Control Valve (P83VE) 
For Safeguard TSE Systems and Equipment," Document 
Nos. HNDSP-74-342-Ed-R, Prepared by Wyle, issued date 
11-20-74 

"Shock Test Program Heat Sensing Device Assembly 
For Safeguard TSE Systems and Equipment," Document 
Nos. HNDSP-74-345-Ed-R, Prepared by Wyle, issued date 
11-27-7 4 

"Shock Test Program Relay Fragility Test For Safeguard 
TSE Systems and Equipment," Document Nos. HNDSP-71-57- 
ED-R, Prepared by Wyle, issued date 5-15-72 

"Electric Motor Control Center Fragility Test ITC 
(E89MC)," Document Nos. HNDDSP-72-73-ED-R, Prepared 
by The Boeing Co., issued date 11-6-72 

"Electric Motor Control Center Fragility Test ITC 
(E06MC)," Document Nos. HNDDSP-72-71-ED-R, Prepared 
by The Boeing Co., issued date 3-30-73 

"Electric Motor Control Center Fragility Test ITC 
(E52MC)," Document Nos. HNDDSP-72-74-ED-R, Prepared 
by The Boeing Co., issued date 11-20-72 

#18, 23 

#18, 23 

#25 

#17 

#23, 25 

NA 

#26 

#26 

#26 
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U. S. Army Corps of Engineers Huntsville subsystem hardness reports 
used by SSMRP for fragilities development. (continued) 

Report Applicable" 
NO. Huntsville subsystem hardness report categories 

49 

5 0  

51 

52 

53 

54 

55 

56 

57 

58 

"Shock Test Program, Air Conditioning CBR Filters," 
Document Nos. HNDSP-73-86-ED-R, Prepared by Wyle, 
issued date 4-30-73 

"Safeguard Vibration Testing and Analysis Report of 
Tactical Support Equipment Final Report Data Supple- 
ment," Document Nos. 56137-15-745, Prepared by GE, 
issued date 9-25-70 

"Summary of Simulated Nuclear Weapons Effects Tests 
on Six Selected Mission-Critical Items of Safeguard 
Facility Equipment," Document Nos. SAF-10, Prepared 
by RMP, issued date 8-8-69 

"Electrical Components," Relays & Circuit Breakers, 
Vol. I, Document Nos. HNDSR-75-349-ED-R, Vol. I & 

Vol. 11, Prepared by Wyle, issued date 7-1-75 

"Electrical Components," Relays & Circuit Breakers, 

Vol. 11, Prepared by Wyle, issued date 7-1-75 
VOl. 11, Document Nos. HNDSR-75-349-ED-RI V o l .  I & 

"Fragility Testing - Electric Motor control Centers 
(ITC'S E06MC, E52MC, E87MC, and E89MC)," Document 

The Boeing Company, issued date 3-30-73 (54-1 
Volume #1, 54-2 Volume #2) 

NOS.  HNDSP-73-159-ED-Rt VOl. I & Vol. 11, Prepared by 

"Qualification Tests For Spring Isolators 92095-1 
through 6," Document Nos. WD-92095-1 through 6, 
Prepared by Barry Controls, issued date 11-71 

"Review of Parb Shock Isolation Platform," 
Document Nos. PAR-CRI-A&W-112, Prepared by A&W, 
issued date 12-72 

"Heat Exchanger Subsystem Hardness Assurance 
Analysis (SHAA)," Document Nos. TM-39, Prepared by 
The Boeing Co., issued date 3-1-73 

"Shock Test Program, Dynamic Analysis - Diesel Engine 
Generator, For Safeguard TSE Systems and Equipment," 
Document Nos. HNDTR-73-12-ED-R, Prepared by AA, issued 
date 12-32-73 

NA 

#20, 26 

#12, 21, 
24, 26, 29 

NA 

#26 

NA 

NA 

NA 

# 18 
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U. S. Army Corps of Engineers Huntsville subsystem hardness reports 
used by SSMRP for fragilities development. (continued) 

Report 
No. Huntsville subsystem hardness report 

Applicable * 
categories 

c 

59 "Shock Test Program Dynamic Analysis of Motor-Generator #18 
Set For Safeguard TSE Systems and Equipment," Document 
Nos. HNDSP-74-344-ED-R, Prepared by USAEDH, issued date 
12-31-74 

60 "Electric Motor Control Center Fragility Test ITC #26 
(E87MC)," Document Nos. HNDDSP-72-72-ED-R, Prepared by 
The Boeing Co., issued date 3-30-73 

61 "Unit Substation (E04SS), Switch, Transformer, Voltage #21, 29 
Regulator, Circuit Breaker," Document Nos. HNDSP-74- 
329-ED-R, Prepared by CERL, issued date 12-31-74 

62 "Hardness Program - Non-Emp Subsystem Hardness NA 
Assurance Report," Executive Summary, Volume #I & 
Volume #2, Document Nos. HNDDSP-72-156-ED-R, Prepared 
by The Boeing Co., issued date 6-75 

63 "Hardness Program - Non-Emp Subsystem Hardness 
Assurance Analysis For Safeguard TSE Ground 
Facilities," Volume #2, Document Nos. HNDSP-73- 
161-ED-R, Prepared by The Boeing Co., issued date 
6-1-7 5 

NA 

* Consult the Table of Component Categories to define these group numbers. 
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Table of Component Categories. 

Category Category Category Category 
number description ' numbe r description 

1 Reactor Coolant System 16 
Class I Vessels and 
Supports 

Main Coolant Pumps 
17 

Small Motor operated 
valves < 10" 

Small Misc. Valves 
< 8" - 

NSSS Piping 18 Emergency AC Power Units 
(4160 V Diesel Generator) 

Large Diameter Piping , 
8" and Greater 19 Emergency DC Power 

(Batteries and Racks) 
Intermediate Diameter 
Piping, 2-1/2" - 8" 20 

5 
Switchgear (Includes Trans- 
former, Breakers & Busses) 

6 Large Vertical Storage 
Vessels with Formed 21 
Heads 

Transformers (Non ESF-ESF 
Transformers are in 
switchgear) 

7 

8 

9 

10 

11 

Large Flat Bottom 
Storage Tanks Instrument Panels and Racks 22 

Large Horizontal Vessels 23 
(Pressurizer Relief Tank) 

24 
Small - Medium Vessels 
and Heat Exchangers 25 

Control Panels and Racks 

Auxiliary Relay Cabinets 

Local Instruments (Misc. 
Pressure and Temperature 
Sensors) Buried Pipe (Service 

Water) 
26 

Large Vertical Centri- 
fuga1 Pumps with Motor 27 
Drive (Service Water 
Pumps) 28 

Motor Control Center 

Static Invertors 

Cable Trays 

Breaker Panels 12 Small - Medium Horiz. & 29 
Vertical Motor, Turbine 
& Diesel Driven Pumps & 30 
Compressors 

Air Conditioning and Air 
Handling Power Units 

13 

14 

15 

Large Motor Operated 31 
Valves > 10" 

3 2  
Large Hydraulic and 
Pneumatic Valves > 10" 33 

Large Check, Spring 34 

- 

- 

Relief & Manual Valves 

Ducting 

Control Rods & Drives 

Computers 
n 

Offsite Power (Ceramic 
Insulators) 

12 4 



APPENDIX C 
DATA OBTAINED FROM EXPERT OPINION SURVEY 

c 

* I 

A s  p a r t  o f  t h e  e f f o r t  t o  d e v e l o p  component f r a g i l i t y  d e s c r i p t i o n s  f o r  U S ( ?  

i n  t h e  SSMIIP, Phase  I c a l c u l a t i o n s ,  a n  e x t e n s i v e  e x p e r t  o p i n i o n s  s u r v e y  was 

pe r fo rmed .  

s e v e r a l  hundred  well-known s p e c i a l i s t s  i n  t h e  n u c l e a r  i n d u s t r y .  These  

i n d i v i d u a l s  were s e l e c t e d  f rom t h e  NSSS v e n d o r s ,  a r c h i t e c t / e n g i n e e r i n g  f i r m s ,  

c o n s u l t a n t s  t o  t h e  n u c l e a r  i n d u s t r y  and f rom t h e  r a n k s  o f  c o l l e g e s  and 

u n i v e r s i t i e s .  

t h o s e  components  f o r  which h e  f e l t  a h i g h  d e g r e e  o f  e x p e r t i s e .  Fo r  e a c h  

component ,  t h e  r e s p o n d e n t  was a s k e d  t o  p r o v i d e :  

I n  t h i s  s u r v e y ,  a c a r e f u l l y  worded q u e s t i o n n a i r e  was m a i l e d  t o  

I n  e a c h  c a s e ,  t h e  i n d i v i d u a l  was a s k e d  t o  r e s p o n d  o n l y  f o r  

The t h r e e  l o w e s t  ( w e a k e s t )  f a i l u r e  modes. 

e The a p p r o p r i a t e  r e s p o n s e  q u a n t i t y  f o r  e a c h  mode ( e . g . ,  p e a k  

a c c e l e r a t i o n ,  s p e c t r a l  a c c e l e r a t i o n  a t  some f r e q u e n c y  and damping o r  

f o r c e  r e s u l t a n t ,  e t c . ) .  

e T h e  r e s p o n s e  v a l u e s  a t  10,  50, and 90% p r o b a b i l i t y  o f  f a i l u r e .  

0 The p r i m a r y  s o u r c e  o f  h i s  i n f o r m a t i o n  ( i . e . ,  e x p e r i e n c e ,  t e s t  d a t a ,  

e t c . ) .  

The  r e s p o n s e s  c o v e r e d  v i r t u a l l y  e v e r y  c a t e g o r y  o f  component needed  f o r  Phase  I 

o f  the SSMRP, w i t h  147 d e t a i l e d  r e s p o n s e s  b e i n g  r e t u r n e d .  

r e s p o n s e s  f rom d i f f e r e n t  e x p e r t s  f o r  t h e  same component showed, i n  g e n e r a l ,  

s u p r i s i n g l y  good ag reemen t .  

Comparison o f  

The f o l l o w i n g  t a b l e s  summarize t h e  d a t a  o b t a i n e d  from t h e  s u r v e y .  

c 
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Category 1. Reactor Core Assembly. 

Percentiles . Response 
Respondent nt . Failure Modes Pa r ame te r 10% 50% 90% Basis for Response Comments 

2.0 g 3.0 g 10.0 g Analytical methods, Predominant frequencies: Consulting Firm 1.50 Binding of control rods Spectral 
(3201031916) due to seismically acceleration. expert opinions. Mode #I, 3 Hzi  Mode #2, 3 

Hz; and Mode 13, 5 H z .  induced deformations. 

1.50 Deformation of guide Spec tr a1 3.0 g 4.0 g 15.0 g Analytical methods, Percentiles include LOCA. 
tubes due to seismic acceleration. expert opinions. 
impact of fuel bundle. PWR, all modes. 

Functional Failure : 
3.0 g 5.0 g 20.0 g Analytical methods, all modes. Fragility 1.50 Failure of core support Spectral 

structure due to inertia acceleration. expert opinions. parameter: acceleration 
load of fuel. at core support attachment 

to reactor vessel. 

Professor 1.00 Interference between Spectral 0.5 in. 0.7 in. 1.0 in. Extrapolation from predominant frequency, 3-5 
(4101022009) moving parts within unit. displacement. test observation. Hz. BWR, Functional 

Failure. 

Consulting Firm 1.50 Binding of control rods Spectral 2.0 g 2.5 g 7.0 g Expert opinion, 
(3201041907) due to seismic induced acceleration. analytical methods. P 

h) deformation. 
QI 

2.0 g 3.0 g 10.0 g Expert opinion, 1.50 Deformation of guide Spectral 
tubes due to seismic acceleration. analytical methods. 
impact of bundles. 

1.50 Failure of core support Spectral 3.0 g 4.0 g 12.0 g Expert opinion, 
structure due to inertia acceleration. analytical methods. 
load of fuel. 

A l l  modes: predominant 
frequency, Mode #1, 3 82; 
Mode #2, 3 82: Mode 13, 
5 HZ. 

All modal percentiles 
include LOCA. 

BWR, all modes. Functional 
failure: all modes. 

*Acceleration induced 
displacement 

0.33 g 0.36 g 0.45 g Expert opinion. Consulting Firm 1.50 Slow SCRAM time of Spectral 
(3201012005) control rods. acceleration. 

1.50 Plastic distortion which Spectral 0.39 g 0.45 g 0.76 g Expert opinion. 
prevents full rod acceleration. 
insertion. 

Expert opinion. -- 1.50 Lifting fuel and Spectral -- 2.0 g 
disarranging core acceleration. 
configuration 

Predominant frequency given 
for Mode #I only and it is 
4-10 Hz. 

BWR, all modes. 

Functional Failure: all 
modes 



c h cb c 
C a t e g o r y  2: P r e s s u r i z e r s  and Steam G e n e r a t o r s .  

Respondent  W t .  F a i l u r e  Modes 
Response  P e r c e n t i l e s  
P a r a m e t e r  1 0 %  50% 90% B a s i s  f o r  Response  Come  n t s 

2.0 g 3.0 g 5.0 g A n a l y t i c a l  methods ,  P r e s s u r i z e r .  C o n s u l t i n g  F i rm 2.25 F a i l u r e  o f  a n c h o r  b o l t s .  S p e c t r a l  
(3202071913) a c c e l e r a t i o n .  e x p e r t  o p i n i o n .  3 0 t h  modes: p redominan t  

f r e q u e n c y ,  7.0 Hz. 
2.25 E u c k l i n g  o f  s u p p o r t  s k i r t .  S p e c t r a l  4 . 0  g 5.0 g 8.0 g A n a l y t i c a l  methods ,  

a c c e l e r a t i o n  e x p e r t  o p i n i o n  P e r c e n t i l e s  i n c l u d e  LOCA. 

P r e s s .  aound.  F a i l ;  a l l  
modes. 

C o n s u l t i n g  F i rm 2.25 F a i l u r e  o f  c o n n e c t i o n  S p e c t r a l  2.0 g 3.0 g 4.0 g A n a l y t i c a l  methods ,  Steam G e n e r a t o r .  
(3202061910) between s u p p o r t  l e g  and  a c c e l e r a t i o n .  e x p e r t  o p i n i o n .  A 1 1  modes: p redominan t  

f r e q u e n c y ,  7 . 5  H Z .  s t e a m  g e n e r a t o r  body. 

2.25 

2.25 

r 
p3 
4 

C o n s u l t i n g  F i r m  1 .50  
(3202022002) 

1 . 5 0  

1 .50  

F a i l u r e  of steam g e n e r a t o r  
l e g  embedment i n  c o n t a i n -  
ment f l o o r .  

S u c k l i n g  of steam 
g e n e r a t o r  l e g .  

N o z z l e s  . 

Tubing .  

S p e c t r a l  3.0 g 4.0 g 5.0 g A n a l y t i c a l  methods ,  
a c c e l e r a t i o n .  e x p e r t  o p i n i o n .  

S p e c t r a l  3.0 g 4 . 0  g 5 . 0  g A n a l y t i c a l  methods ,  
a c c e l e r a t i o n .  e x p e r t  o p i n i o n .  

Forces .  3 -  0 5.0 7.0 E x p e r t  o p i n i o n  we igh ted  
by e x p o s u r e  t o  a n a l y s i s .  

A c c e l e r a t i o n .  5 .0  7.0 9 .0  E x p e r t  o p i n i o n  we igh ted  
by e x p o s u r e  t o  a n a l y s l s .  

S p e c t r a l  7.0 1 0 . 0  1 3 . 0  E x p e r t  o p i n i o n  we igh ted  
a c c e l e r a t i o n .  by e x p o s u r e  t o  a n a l y s l s .  

C o n s u l t i n g  F i rm 0.75 R u p t u r e  a t  p r imary  i n l e t  S p e c t r a l  and  1 . 5  1 .8  2 .5  E x p e r t  o p i n i o n .  
(3202011108) or o u t l e t  n o z z l e ,  r u p t u r e  moments f o r c e s .  

a t  f e e d w a t e r  n o z z l e .  

0 . 7 5  F a i l u r e  o f  t u b e s  i n  S p e c t r a l  4 .5  g 6 .0  g 7.5  g , E x p e r t  o p i n i o n .  
b u n d l e ,  p a r t i c u l a r l y  when a c c e l e r a t i o n .  
o t h e r  f a c t o r s  which a r e  
d e t r i m e n t a l ,  s u c h  a s  tube 
d e n t i n g ,  e x i s t .  

A l l  modes: v e r t i c a l  
d i r e c t i o n  a c c e l e r a t l o n .  

P r e s s .  Bound. F a i l ;  a l l  
modes. 

Steam G e n e r a t o r .  
A l l  modes: p e r c e n t i l e s  a r e  
f a c t o r s  times SSE. 

Predominant  f r e q u e n c i e s :  
Mode #1 10-30 H Z  

Node 1 2  R i g i d  
Mode 1 3  20-100 Hz 

P r e s s .  aound.  F a i l ;  a l l  
modes. 

Steam G e n e r a t o r .  
Both  modes: P redominan t  
f r e q u e n c y ,  10-15 Hz. 
Mode #1, f a c t o r s  t i m e s  S y  (Sy 
f rom ASlYE c o d e ) .  

P r e s s .  Sound. F a i l ;  a l l  
modes. 



Category 2 :  Reactor Vessel. 

Respondent Wt. Failure Modes 
Response Percentiles 
Parameter 10% 50% 90% Basis for Response Comments 

Consulting Firm 2.25 Buckling due to horizontal Spectral 1 .65  2.00 2.25 Analytical methods. Percentiles: factor times SSE 
(3202032004)  acceleration. acceleration. Pool type reactor vessel 

(liquid sodium). 
2.25 Stress intensity at Spectral 4.5 6.0 10.0 Analytical methods. 

vessel support. acceleration. Predominant frequencies, 
Mode 111 7 Hz 
Mode Y2 1.5 Hz 
Mode U3 -- 

Press. Bound. Fail: all modes. 

Nozzle loads. -- -_ -- 2.25 Nozzle rupture. 

3.0 g 4.0 g 6.0 g Analytical methods. All modes: predominant Consulting Firm 2.25 Failure of skirt anchor Spectral 
(3202051909)  bolts. acceleration. frequencies, Mark I1 9-15 Hz, 

Mark I11 3-5 Hz. (Mark I1 6 
2.25 Buckling of skirt. Spectral 4.0 g 5.0 g 8.0 g Analytical methods. I11 refer to GE BWR contain- 

acceleration. ments) Press. Bound. Fail: 
all modes. 

Consulting Firm 2.25 Excessive support Spectral 3.0 g 4.0 g 5.0 g Analytical methods. Percentiles include effects 
hl (3202041908)  deformation resulting in acceleration. of MCA. 
03 attached pipe failure. Predominant frequency, 1 5  Hz. 

Press. Bound. Failure. 

H i t  



c h I* c 
___. Percentiles Response 

Respondent dt. Failure Modes Par dme t e r 1 0 %  50% 90% Basis for Response Com:nen ts 
_______ 

rieactor Desisnrr 0.75  Failure at welded loints, Spectral 2.0 3.0 4.0 Expert opinion. 
(1303022601) especially at nozzles. acceleration. 

All modes: predominant 
frequency, 25-50 Hz. 

2.0 3 . 0  4.0 Expert opinion. ~ 1 1  percentiles are factor Spectra 1 0.75  Ductile rupture due to 
hanger /snubber failure. acce le rat ion. times SSE. 

Press. Bound. Sail: a 1 1  0.75 Elbow collapse due to Spectral 3.0 4.0 5.0 Expert opinion. 
excessive forces. acceleration. modes. 

__- 

All modes: predominant Test data and expert Consulting Firin 3.00 Pipe support rupture ar Percent of allow- 300% 400% 500% 
(3203032006) collapse. able per ASME opinion. frequency, 5-25 Hz. 

eq. (9). 
B d R  Press. piping. aound. Fail: a l l  

3 .00  Excessive pipe Percent of allow- 500% 700% 1200% Test data and expert 
de format ion. able per ASME opinion. modes. 

eq. (9). 

3.00 Opening a crack in an Percent of allow- 700% 1000% 1500% Test data and expert 
unflawed pipe. able per ASME opinion. 

eq. (9). 

tu 
10 All modes: ?redominant 

Consulting Firm 1.50 Rupture at connections to Spectral 2.0 g 3.0 g 4.0 g Analysis methods and 
(3203051914) components due to compo- acceleration. expert opinion. frequency, 4 . 5  HZ. 

nent support failure. 
Press. Bound. Fail: all 

1.50 Rupture at connections to Spectral 5.0 g 8.0 g 12.0 g Analysis methods and modes. 
components due to pipe acceleration. expert opinion. 
over s tr e ss  . 

Consulting Firm 2.40 Pipe yielding 
(3203042012) 

Predominant frequency, Acceleration of _- -_ _ _  Analysis methods and 
attached components. field observation. 4-30 HZ. 

Press. Bound. Fail: all 2.40 Crack propagation Acceleration of _- -- -- Analysis methods and 
resulting in a small leak. attached components. field observation. modes. 

Reactor Designer 0.75 Tensile failure in support Acceleration of 1.5 3.0 4 . 0  
(1303010502) anchor bolts allowing more pipe, load in 

displacement. 
pipe motion. supports, relative 

3.00 Local failure of small Acceleration. 3.0 5.0 6.0 
pipe at connection to 
large aipe. 

4 .0  7 .0  8 . 0  Acceleration. 3.00 Gross failure due to 
large displacements 
after supports fail. 

Percentiles: factor times 
SSE. 

Expert opinion. 

Predominant frequencies 
Nodes #I and Y 2 ,  8-30 Hz.: 

Test data and expert Mode # 3 ,  2-5 32. 

opinion. 
Press. dound. Fail: all 
nodes. 

Test data and expert 
op i n ion. 



Category 4 :  Large Piping. 

ReS;Nn?ent Wt. Failure Modes 
Response Percentiles 
Parameter 10% 50% 90% Basis for Response Comments 

ManufactJrer 2.25  Joint leakage. 
(1 205060 235)  

_ _  _ _  Displacement. 

Force. 2.15 Pipe support rupture. 

.- Analytical methods, Press. Bound. Fail: all 
expert opinion. modes. 

-_ -_ -- Analytical methods, 
expert opinion. 

-_ 2.25 Pipe failure. Force. - -- Analytical methods, 
expert opinion. 

Consulting Firm 3. G Yielding. floment capacity. 1 . 2  2.0 2.4 Test data, analytical Fragility parameter is yield 
( 3 2 0 4 0 3 2 0 1 3 )  methods, field moment. 

experience. 
Predominant frequencies are 

3.0 Small leak or branch Incompatible -_ -- -- Test data, analytical greater than 2 Hz. 
connections breaking. design details. methods, field 

experience. Press. Bound. Fail; all 
modes . 

3.0 Large cracrc resulting in Incompatible -_ -- -- Test data, analytical 
leak or severance. design details. methods, field 

experience. 
P w 
0 

Consulting Firm 2.25 Rupture at nozzle Spectral 2.5 g 3.0 g 5.0 g Analytical methods. All modes: predominant 
(3204041915)  connection due to failure acceleration. frequency, 4-8 Hz. 

of component support. 
Press. Bound. Fail; all 

2.25 Failure of pipe supports. Spectral 4 . 0  g 5.0 g 7.0 g Analytical methods. modes. 
acceleration. 

2.25 Overstress 3f pipe. Spectral 5.0 g 8.0 g 10.0 g Analytical methods. 
acceleration. 

Consulting Firm 2.25 Rupture at nozzle/equip- Moments at nozzle. 1.5  1.8 2.5 Analytical methods, Predominant frequency, 
(3204011109)  ment connections. expert opinion. 10-30 HZ. 

Fragility parameter is yield 
moment times percentile 

Press. Bound. Fail: all 
modes. 

factor. 

Predominant frequency, all Consulting Firm 3.0 Failure of the connection Percent of yield 120% 200% 400% Expert opinion, 
(3204020302)  at the building interface. moment. analytical methods, modes 2-10 Hz. 

field experience. 
Press. Bound. Fail; all 

3.0 Failure sf field welds. Percent of yield 240% 400% 800% Expert opinion, modes. 
moment. analytical methods, 

field experience. 



P 
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Category  5: I n t e r m e d i a t e  P i p i n g .  

Responden t  W t .  F a i l u r e  Modes 
Response P e r c e n t i l e s  
Parameter  1 0 %  50% 30% B a s i s  f o r  Response  Comments 

tilanuf ac t u r e  r 2.25 J o i n t  l e a k a g e .  
(1204050236) 

Disp lacement .  _ _  -_ _ _  

_ _  -. 2.25 P i p e  s u p p o r t  r u p t u r e .  F o r c e .  

A n a l y t i c a l  m e t h o d s ,  P r e s s .  aound.  F a i l ;  a l l  
e x p e r t  o p i n i o n .  modes. 

A n a l y t i c a l  m e t h o d s ,  
e x p e r t  o p i n i o n .  

-_ 

2.25 P i p e  f a i l u r e .  Force. _ _  _ _  _ _  A n a l y t i c a l  me thods ,  
e x p e r t  o p i n i o n .  

C o n s u l t i n g  F i rm 2.25 Rupture  a t  n o z z l e  S p e c t r a l  2.0 g 3.0 g 4 .0  g A n a l y t i c a l  methods ,  A l l  modes: p redominan t  
(320  505191 6 )  c o n n e c t i o n  due t o  f a i l u r e  a c c e l e r a t i o n .  e x p e r t  o p i n i o n .  f r e q u e n c y ,  4-10 Hz. 

o f  component.  
P r e s s .  Bound. F a i l ;  a l l  

2.25 F a i l u r e  o f  p i p e  s u p p o r t s .  S p e c t r a l  3.0 g 4 . 0  g 6.0 g A n a l y t i c a l  methods ,  modes. 
a c c e l e r a t i o n .  e x p e r t  o p i n i o n .  

2.25 O v e r s t r e s s  o f  p i p e .  S p e c t r a l  5.0 g 6 . 0  3 8.0  g A n a l y t i c a l  m e t h o d s ,  
a c c e l e r a t i o n .  e x p e r t  o p i n i o n .  

C o n s u l t i n g  F i rm 0.75 Rupture  a t  nozz le / equ ip -  Moments a t  n o z z l e s .  1 . 5  1 .8  2 .5  O p i n i o n  based  on d e s i g n  Predominant  f r e q u e n c i e s  
(3205011110) ment c o n n e c t i o n s .  e x p e r i e n c e .  10-30 Hz. 

P r e s s .  aound.  F a i l ;  a l l  

P e r c e n t i l e s :  f a c t o r  times 
y i e l d  moment. 

modes. 

C o n s u l t i n g  F i rm 3.0 F a i l u r e  of t h e  c o n n e c t i o n  P e r c e n t  o f  y i e l d  120% 200% 400% E x p e r t  o p i n i o n ,  A l l  modes: p redominan t  
(3205020303) a t  t h e  b u i l d i n g  i n t e r f a c e .  moment. a n a l y t i c a l  methods ,  f r e q u e n c y ,  2-10 Hz. 

f i e l d  o b s e r v a t i o n .  
P r e s s .  a o u n d .  F a i l :  a l l  

3.0 F a i l u r e  o f  t h e  f i e l d  P e r c e n t  o f  y i e l d  240% 400% 800% E x p e r t  o p i n i o n ,  modes. 
welds .  moment. a n a l y t i c a l  methods ,  

f i e l d  O b s e r v a t i o n .  



Cateyory 6: small Pipes. 

Response Percentiles 
Respondent Wt. Failure Modes Par ame ter 10% 50% 90% Sasis for Response C o m e  n t s 

Consulting Firm 3.0 
(3206022011) 

~~ 

Small leak. 

3.0 Yield.ing. 

Predominant frequencies -- Expert opinion, Thermal transient -- -- 
t seismic. analytical methods, greater than 2 Hz. 

field experience. 
Press. Bound. Fail; all 

-- -- -- Expert opinion, modes. 
analytical methods, 
field experience. 

Zonsultinj Firm 2.25 Rupture at nozzle Spectral 2.0 g 3.0 g 4 . 0  g Analytical methods, All modes: predominant 
(3205051916) connection due to failure acceleration. expert opinion. frequency, 4-10 HZ. 

Press. Bound. Fail; all 
of component support. 

2.25 Failure of pipe supports. Spectral 3.0 g 4.0 g 6.0 g Analytical methods, modes. 
acceleration. expert opinion. 

2.25 Overstress of pipe. Spectral 5.0 g 6.0 g 8.0 g Analytical methods, 
acceleration. expert opinion. 

Consulting Firm 3.0 Failure of the connection Percent of yield 120% 200% 400% Expert opinion, All modes: predominant 
frequency, 2-10 HZ. 

Press. Bound. Fail; all 

W (32060103041 at the building interface. moment. analytical methods, 
h, field observation. 

3.0 Failure of field welds. Percent of yield 240% 4 0 0 %  800% Expert opinion, modes. 
moment. analytical methods, 

field observation. 

Category 7: Large Vertical Storage Vessels with Formed Heads. 

Respondent Wt . Failure Modes 
Response Percentiles 
Parameter 10% 50% 90% Basis for Response Cotme nt s 

Consultin3 Firm 2.25 Local plastic deformation Ultimate load -- -- -- Analytical methods. Predominant frequency, 
(3207012010) of vessel in vicinity of capacity of support Mode #l, 6 Hz. 

support locations. st r uctu re. 

3.0 Small leak in vessel at Moment from pipe 1.5 2 . 4  12.0 Field data. 
nozzle attachment. with existing crack. 

Percentiles: factor times 
yield moment. 

All modes: predominant 
frequency, 4-10 HZ. 

Consulting Firm 2.25 Rupture of anchor bolts. Spectral 1.0 g 1.5 g 3.0 g Analytical methods. 
( 320 70 21 91 8 ) acceleration. 

2.25 Buckling of support skirt Spectral 1.5 g 2.0 g 5.0 g Analytical methods. 
or legs. acceleration. 

iJ 



c 
Category 8: Large Vertical Storage Tanks--Flat Bottom. 

Response - 
Res-ndent Wt. Failure Modes Parameter 

Percentiles 
10% 50% 90% Basis for Response Comments 

All modes: predominant Consulting Firm 1.50 Rupture of anchor bo l t s .  Spectral 1.5 g 2.0 y 3.0 g Analytical methods. 
(3208021917) acceleration. frequency, 3-8 Hz. 

1.50 Buckling of tank wall. Spectra 1 2.3 g 3.0 g 5.0 g Analytical methods. 
acceleration. 

1.50 Tensile rupture of tank Spectral 3.75 g 5.0 g 8.0 g Analytical methods. 
wall. acceleration. 

danufacturer 0.75 Gross structural buckling. Force. 
(1 2080119 05) 

0.75 Local structural buckling. _ _  
-_ _- -- Expert opinion. 

_ _  _- _ _  Expert opinion. 

_- -- -- -- Expert opinion. 0.75 Fatigue. 

Category 9: Large Horizontal Vessels. 
P 
w 
w Response Percentiles 

Respondent Wt. Failure Modes Parameter 10% 50% 90% Basis for Response Comments 

predominant frequency: 

Diesel fuel tank. 

Analytical methods, Consulting Firm 1.50 Support system failure Maximum floor 1.9 g 2.72 g 3.6 g 
(3239011112) (bolts). acceleration expert opinion. 12 to 20 HZ. 

between 12 and 
20  Hz : 1.6 g. 

Analytical methods , Predominant frequency: Consulting Firm 1.50 Support failure (bolts) Maximum horizontal 4.0 9 6.0 g 8.0 g 
( 3209011 111) f loo r  acceleration expert opinion. greater than 12 Hz. 

3.5 9. 



Cate;ary,lO: Horizontal Tanks, Small Vessels and Heat Exchangers. 

Res,sondent Wt. Failure &des 
- UJ? s pon se 

Parameter 
Percentiles 

10% 50% 90% Basis for Response Comments 

1.5 g 2.0 3 3.0 g Analytical methods. 30th modes: predominant Consulting Firm 2.25 Ruature of anchor blts. Spectral 
( 3 2 0 9 0 2 1 9 1 9 )  acceleration. frequency 15-30  Hz. 

Horizontal tanks and heat 2.25 Yielding of support Spectral 2.5 g 3.0 g 4.5 g Analytical methods. 
saddles. acceleration. exchangers . 

Predominant frequency: 

Small vessels. 

Consulting Firm 2.25 Structural failure. Maximum horizontal 8.0 g 13 .0  g 20.0 g Analytical methods, 
( 3 2100 21118) acceleration. expert opinion. greater than 2 0  Hz. 

Military Expert 2.0 
( 5 1 1 0 0 4 0 2 2 8 )  

-- Test data. Acceleration. -_ -_ Huntsville data. 
Heat exchangers. 

Consulting Firm 2.25 Support failure. Floor spectral 1.3 g 2.0 g 3;s g Analytical methods, Predominant frequency: 25-45 
( 3 2 1 0 0 3 1 1 1 9 )  acceleration. expert opinion. Hz. Small-Medium heat 

exchangers. 
- 

P 
w 
IP Category 11: duried Pipe. 

Respondent Wt. Failure Modes 
Response Percentiles 
Parameter 10% 50% 90% Basis for Response Comments 

Consulting Firm 3.0 Failure at connection to Ground acceleration. 1.50 3.00 4.00 Expert opinion, Percentiles in terms of peak 
13211010301)  building interface. analytical methods, ground acceleration. 

field experience. 

3.0 Failure at Coupling. Ground acceleratlon. 2 - 5 0  4.00 8.00 Expert opinion, 
analytical methods, 
field experience. 

Category 1 2 :  Reactor Coolant Pump (WR). 

Response Percentiles 
Respondent Wt. .Failure nodes Parameter 10% 50% 90% Basis for Response Come n t s 

Consulting Firm 1.5 Failure Of Connection to Spectral 2.5 3.0 9 6.0 g Analytical methods. Both modes, predominant 
( 3 2 1 2 0 1 1 9 1 1 )  support legs. acceleration. frequencies: 4.5 HZ. 

1.5 Buckling of support leg. Spectral 4.0 g 5.0 g 10 .0  g Analytical methods. Percentiles include LOCA. 
acceleration. 



c Q c 
Category 13: Large Vertical Centrifugal Pumps. 

Respondent Wt. Failure Modes 
Response 
Parameter 

Percentiles 
10% 50% 90% Basis for Response Comments 

Predominant frequency 4.5 Consulting Firm 1.5 Rupture of connections to Spectral 2.0 g 3.0 g 4.0 g Analytical methods.. 
(3249011912 support struts. acceleration* H z . ,  all modes. 

1.5 Tensile failure of Spectra 1 4.0 g 5.0 g 6.0 g Analytical methods. 
support struts. acceleration* 

'Questionnaire does not explicitly say spectral acceleration. 

Category 14: Large Vertical Pumps. 

Respondent Wt. Failure Modes 
Response Percentiles 
Parameter 10% 50% 90% Basis for Response C o m e  n t 8 

Percentile: 50% of Y.S. 

Percentile: 50% of Y.S. 

Percentile: factor times SSE. 

Consulting Firm 2.25 Failure of hold down Nozzle loads: 30% -- 50% -- Some test data, 
(3215011302) bolts. of Y . S .  of attached analytical methods. 

pipe. 

2.25 Overstress at nozzle. Nozzle loads: 30% -- 50% -- Some test data, 
analytical methods. of Y . S .  of attached 

pipe. 

2.25 Rotor seizure. Seismic loads. - - 2.0 -- Sane test data, 
analytical methods. 

Consulting Firm 2.25 Rupture of anchor bolts Acceleration. 1.5 g 2.0 g 4.0 g Analytical methods. Both modes: predominant 
(3213011920) due to large moments from frequency, 3 Hz. 

vertical intake column. 
Percentile 90 is tentative. 

2.25 Rupture of vertical Acceleration. 3.0 g 4.0 g 8.0 g Analytical methods. 
intake column. 

Manufacturer 2.25 Internal rotor seizure. Floor spectral 1.5 2.0 2.5 Analytical methods, Percentile: factor times SSE. 
(1248 021 403) acceleration. expert opinion. 

Predominant frequency 
2.25 Failure of motor support Floor spectral 2.0 2.5 3.0 Analytical methods, -33 Hz for modes (1 and 42. 

structure or bolting acceleration. expert opinion. 
at motor. 

2.25 Internal seizure due to Piping rupture. -- -- -- Expert opinion. Failure in this mode depends 
on associated piping system. loss of fluid. 



Category 15: Centrifugal Pump, Compressors. 

Respondent Wt. Failure Modes 
Response Percentiles 
Parameter 10% 50% 90% Basis for Response Comments 

A l l  modes: predominant Manufacturer 2.25 Internal seizure of rotor. Connecting pipe 1.3 1.5 2.0 Analytical methods, 
(1215041401 1 expert opinion. frequency, rigid. forces and moments. 

2.25 Failure of drive shaft Connecting pipe 1.5 2.0 2.5 Analytical methods, Percentiles: factor times SSE 
specified loads. forces and moments. expert opinion. couplings. 

2.25 Break of hold down Connecting pipe 2.0 2.5 3.0 Analytical methods, 
bolts--shear pins. forces and moments. expert opinion. 

All modes: frequencies; 

Vertical 1-33 Xz. 

Percentages: Percent of 
nozzle loads. 

Consulting Firm 3.0 Hold down bolts break. Nozzle loads: -- 50% -- Some test data, 
(3215011302) 30% Y.S. analytical methods. Xorizontal 33 XZ. 

Nozzle loads: -- -_ Some test data, 50% 
30% Y.S. analytical methods. 

3.0 Overstress at nozzle. 

-- Some test data, 3.0 Rotor seizure. Seismic loads. -- 2.0 
analytical met hods. Percentiles for Mode 

13: factor times SSE loads 

r 
This questionnaire included a 

design and qualification 

QI Manufacturer 2.25 System inlet, outlet Floor spectral -- -- -- Analytical methods, w 

(1 21 50 51 80 3) nozzle connections. acceleration. field observation. detailed description of 

2.25 Anchor bolt loosening. Floor spectral -- -- -- Field observation. procedure. 
acceleration. 

-- -- -- Some test data. 3.0 Malfunction of system Floor spectral 
valves. acceleration. 



c i.. ' c 
Category 1 6 :  IMOV's. 

Respondent Wt. Failure Modes 
Response - 
Parameter 

Percentiles 
10% 50% 90% Basis for Response Comments 

Manufacturer 3 . 0  Actuator components fail Spectral accelera- 9.0 g 1 5 . 0  g 18.0 g Test data, analytical All modes: predominant 
( 1 2 1 7 0 3 2 0 0 1 )  and jam. tion at valve/ methods, expert opinion. frequency, rigid. 

actuator interface. 

3 . 0  Electrical failure in Spectral accelera- 9.0 g 1 5 . 0  g 18.0 g Test data, analytical 
actuator. tion at valve/ methods, expert opinion. 

Ball valve with actuator and 
logic cabinet. 

actuator interface. 

3.0  Failure of major actuator/ Spectral accelera- 9.0 g 15.0 g 18.0 g Test data, analytical 
valve component. tion at valve/ methods, expert opinion. 

actuator interface. 

Consulting Firm 3.0 Structural failure. Seismic acceleration 5.0 g 15.0 g 4 0 . 0  g Test data, analytical Predominant frequency 
( 3 2 1  6 0  3 1 1 1  6)  at valve/pipe inter- methods, expert opinion. >15 Hz. to rigid. 

face. 

Consulting Firm 3.0 Structural failure. Acceleration of 50.0 g 80.0 g 1 2 0 . 0  g Test data, analytical Predominant frequency, rigid. 
(3217011116)  pipe. methods, expert opinion. 

w 
w 
4 

Consulting Firm . 3 . 0  Failure of structural Seismic acceleration 8.0 g 20.0  g 4 0 . 0  g Test data, analytical Predominant frequency 
( 3 2 1  6 0 4 1 1 1  7) members. at valve pipe inter- methods, expert opinion. >20 Hz. to rigid. 

face. 

Zion Manufacturer 3.0 Binding of stem. 
( 1 1 1 6 0 6 1 6 0 1 )  

3.0 Buckling of stem. 

-- Gate valve. 

_ _  
-- -- 3.0 Permanent bending of yoke. -- -_ -- 

Manufacturer 3.0 Excessive leakage. Spectral -- -- _ _  Test data, analytical Predominant frequency: Mode 
(121 6 0 70 2 3 4 )  acceleration. methods, expert opinion. )1, rigid; Mode Y2, 25-30 

Hz; Mode 1 3 ,  25-30 Hz. 
-- -- -- Test data, analytical 3.0 Changes in the normal Spectral 

stroking durations. acceleration. methods, expert opinion. G l o b e  and butterfly valves. 

Test data, analytical 3 . 0  Loosening of bolted parts. Spectral -- -- -- 
acceleration. methods, expert opinion. 
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Category 16: LMOV's. (Continued.) 

Response Percentiles 
l o a  50% 908 Basis for Response Respondent bit. Failure Modes Parameter Comments 

Zion Hanufacturer 3.0 Loss of electrical con- Input acceleration. 7.5 g 9.0 g 12.0 g Test data. 
(1116050201) trols or an electrical 

component. 
Gate and globe valves. 
Predominant frequency: Mode 
Y l ,  above 33 HZ; Mode 12,  

0.75 Lass of pipe anchorage. Pipe displacement. 6.75 g 7.5 g 12.0 g Expert opinion. 

3.00 Mechanical binding of the Spectral acceler- 8.25 g 10.5 g 13.5 g Test data, analytical 8-20 Hz; Mode #3, above 
valve. ation. methods. 27 Hz. 

&actor Designer 3.00 Stem and bonnet failure Spectral 9.0 g 12.0 g 18.0 g Test data, analytical Predominant frequency: 
(1316022602) due to overturning acceleration. methods, expert opinion. Mode 111, 10-20 Hz; Mode 12, 

30-50 Hz; Mode 113, 30-50 Hz. moment on operator mass. 

3.00 Functional failure Spectral 15.0 g 18.0 g 24.0 g Test data, analytical 
of internals. acceleration. methods, expert opinion. 

3.00 Breaks at weld ends Spectral 12.0 9 18.0 9 24.0 g Test data, analytical 
acceleration. methods, expert opinion. 

Consulting Firm 2.25 Deformation of valve stem Spectral 6.0 g 8.0 9 12.0 g Expert opinion. 
(3216031922) OK yoke. acceleration. 

All modes, predominant 
frequencies 2-10 Hz. 

2.25 Rupture of pipe support Spectral 8.0 g 10.0 g 15.0 g Expert opinion. 
at nozzle. acceleration. 

Manufacturer 2.25 Loss of control air. Acceleration. 5.0 g 8.0 g 11.0 g 
(1216091804) 

Butterfly frequency : valve. rigid. Predominant 

L 



c (5 

C a t e g o r y  1 7 :  Large R e l i e f  and  Check v a l v e s .  

Response  P e r c e n t i l e s  
Aesponden t d t .  F a i l u r e  Modes P a r a m e t e r  10% 50% 90% 3 a s i s  f o r  Response Comnent s 

C o n s u l t i n g  Firin 3.00 F r a c t u r e  of v a l v e  a c t u a t o r  S p e c t r a l  8 . 0  g 1 5 . 0  9 2 5 . 0  g T e s t  d a t a ,  e x p e r t  Predominant  f r e q J e n c y :  
(3216011102) t o p  c o v e r  a t  c o n n e c t i o n  to  a c c e l e r a t i o n .  o p i n i o n .  Mode #l, v a l v e  a c t u a t o r ,  27.7 

v a l v e  body. H z ;  Node # 2 ,  s p r i n g  mechanism 
10-12 Hz. 

3.00 F a i l u r e  of s p r i n g  Spec t r a 1  1 5 . 0  4 20.0 g 30.0 g T e s t  d a t a ,  e x p e r t  
mechanism due t o  e x c e s s i v e  a c c e l e r a t i o n .  o p i n i o n .  Ruggles-Klingeman T r i p  v a l v e .  
p l a s t i c  d e f o r m a t i o n .  

Lion  l q a n u f a c t u r e r  2.25 D i s c  becomes d i s e n g a g e d .  S p e c t r a l  7 . 5  g 9 . 0  4 1 0 . 5  4 A n a l y t i c a l  methods .  Predominant  E r e q u e n c i e s  
(iii7020202) d c c e l e r a t  i o n .  b o t h  modes: r i g i d .  

1 1 . 2 5  9 12 .0  4 1 5 . 0  g A n a l y t i c a l  methods.  2.25 D i s c  becomes bound. S p e c t r a l  
a c c e l e r a t i o n .  



Category 16: .Miscellaneous Small Valves. 
~ 

Ressndent Wt . Failure Modes 
Response Percentiles 
Pa fame te r 10% 50% 90% Sasis for Response Comments 

Test Lawratsry 3.0 Leakage. 
( 3118021 106) 

10.0 g 12.0 g 15.0 g Test data. Spectral 
acceleration. 

3.0 Gauling of stem. Spectral 12.0 g 15.0 g 20.0 g Test data. 
acceleration. 

Predominant frequencies are 
20-35 Hz (all modes). 

Damping is 5%. 

3.0 Structural fatigue at Spectral 12.0 g 15.0 g 20.0 g Test date. 
neck. acceleration. 

~anufacturer 3.0 Bending 'of valve yoke and Spectral -- -- -- Test data, analytical Valves should withstand up to 
(1218031001) operator support structure. acceleration. methods. 12.0 g without failure. 

3.0 Bending of valve stem. Spectral 
acceleration. 

3.0 Failure of auxiliary Spec tr a1 
support structure. acceleration. 

p lion Manufacturer 1.50 Loss of valve controls. Input acceleration. 
IP (1118050203) 
0 

1.50 Loss of pipe anchorage. Pipe displacement. 

1.50 Mechanical binding of Input acceleration 
valve parts. spectr um . 

-- -- -- Test data, analytical Gate, globe and check valves. 
methods. 

-- -- -- Test data, analytical 
methods. 

9.0 g 10.5 g 11.25 g Analytical methods. 

Predominant frequency: rigid, 
all modes. 

10.5 g 12.0 g 13.5 g Analytical methods. 

10.5 g 12.0 g 14.25 g Analytical methods. Gate, globe and check valves. 

Consulting Firm 3.00 Structure failure. Acceleration 10.0 J 18.0 g 30.0 g Test data, analytical Predominant frequencies 
of pipe. methods, expert opinion. are: 28 Hz. to rigid. (3218041115) 

Consulting Firm 3.0 Failure of valve actuator. Spectral 
( 3 2180111 01 ) acceleration. 

3.0 Internal damage. Spectral 
acceleration. 

3.0 Fracture of valve body. Spectral 
acceleration. 

irlanufacturer -- Piping (valve support). Acceleration. 
(1218062007) 

3.0 T3p structure of valve. Acceleration. 

Predominant frequencies 

Mode Mode 112, t l ,  25-50 >50 HZ, Hz, 

11.5 g 15.0 g 25.0 g Test data, expert 
opinion. are : 

15.0 g 30.0 3 50.0 3 Test data, expert 
opinion. Mode #3, >50 Hz. 

20.0 50 g 100.0 9 Test data, expert 
op I n ion. 

-- -_ -- Test data, analytical rhe mean value is an 
methods, expert opinion. estimate for mode 62. 

12.0 3 18.0 3 24 .0  3 T e s t  data, analytical 
methods, expert opinion. 
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Category 2 0 :  Generators. 

Response Percentiles 
Come n t s Respondent Wt. Failure Modes Parameter 10% 50% 90% Basis for Response 

4 . 0  g 8.0 g 10.0 g Proof test data, expert Predominant response Prof e s sor 1.0 connection between control Spectral 
(4120042009) panel and engine. acceleration. opinion. frequencies: 1st mode 7.0 HZ 

to 20.6 Hz, 2nd mode 8.3 HZ to 
4.0 g 8.0 g 10.0 g Proof test data, expert 13.8 HZ. 1.0 Oil level regulator. Spec t r a1 

acceleration. opinion. 
Diesel generators. 

Predominant response Acceleration. 3.0 g 5.0 g 8.0 g Expert opinion. Consulting Firm 0.75 Malfunction of Control 
(3220051923) system. frequencies: +15 HZ. 

0.75 Rupture of attached oil Acceleration. 5 . 0  g 8.0  g 10.0 g Expert opinion. Diesel generators. 
lines. 

Predominant response 
frequencies: 15 Hz. 

Diesel generators. 

Consulting Firm 2.25 Crankshaft lock up. Floor acceleration. 7.4 g 10.0 g 15.0 g Analytical methods, 
(3220011114) expert opinion. 

2.25 Anchor bolt failure. Floor acceleration. 3.0 g 6.0 g 10.0 g Analytical methods, 
expert opinion. 

P 
t.~ Professor 1.0 Radiator. 

(4120021801) 

1.0 Exhaust system. 

1.0 Anchorage. 

Acceleration. -- -_ -_ Test data, expert Emergency AC power unit, 
opinion. diesel driven generator. 

Predominant frequencies: 
Mode I1 7.5 HZ 

Mode Y3 Rigid. 

-_ -- -- Test data, expert Acceleration. 
opinion. Mode #2 5-15 HZ 

-- -_ -_ Test data, expert Acceleration. 
opinion. 

. 4. 



c A 

C a t e g o r y  21: B a t t e r i e s .  

c i 

Respondent  bit. F a i l u r e  Modes 
Response P e r c e n t i l e s  
Parameter  1 0 %  50% 90% Basis  f o r  Response comments 

1 . 5  g 2.0 g 4 . 0  g A n a l y t i c a l  methods .  Predominant  f r e q u e n c y  is C o n s u l t i n g  Firm 2.25 F a i l u r e  of b a t t e n s .  A c c e l e r a t i o n .  
(3221041923)  > 2 5  Hz. 

2.25 L o n g i t u d i n a l  f a i l u r e  o f  A c c e l e r a t i o n .  3.0 g 4.0 g 8.0 g A n a l y t i c a l  methods.  B a t t e r y  racks. 
f rame.  

T e s t  LabOratOKy 3.0 S u p p o r t  s t a n d  f a i l u r e .  A c c e l e r a t i o n .  15 .0  g 20.0 g 30.0 g T e s t  e x p e r i e n c e .  Predominant  f r e q u e n c y  i s  
(3121011902)  >15 Hz. 

3.0 Case breakage  due  to  A c c e l e r a t i o n .  1 5 . 0  g 20.0 g 30.0 g T e s t  e x p e r i e n c e .  DC power b a t t e r i e s .  
bad s t a n d .  

3.0 Case breakage  w i t h  good A c c e l e r a t i o n .  25.0 g 30.0 g 35.0 g T e s t  e x p e r i e n c e .  
s t a n d .  

M i l i t a r y  E x p e r t  2.0 R a c k  f a i l u r e ,  s t r u c t u r a l  A c c e l e r a t i o n .  
(5121030209) r e l a y  c h a t t e r ,  i n v e r t o r  

shutdown. 

-- H u n t s v i l l e  d a t a .  -- T e s t  d a t a .  -- 



Category 22: Switchgear. 

Response Percentiles 
Comments Respondent Wt. Failure Modes Parameter 10% 50% 90% Basis for Response 

Spectral 1.5 g 2.5 g 4.0 g Test data and expert Frequencies: Reactor Designer 3.00 Spurious operation Of a 
(1322050602) protective relay. acceleration. opinion. Side to side = 6-11 HZ. 

Front to back = 16-20 Hz. 
3.00 Structural failure. Spectral 2.0 g 3.5 g 4.0 g Test data and expert Vertical = >30 Hz. 

acceleration. opinion. 
26" Wide Metalclad Switchgear. 

Frequency: Node #2 only. 
Horizontal = 5.6 Hz, 10.6 Hz, 
16.5 HZ (x) and 7.8 Hz, 22.9 

-- 2.0 g -- Expert opinion. Professor 0.25 Contact alignment. Spectral 
(4122082008) acceleration. 

1.00 Support anchorage of unit. Spectral <2.0 g 2.0 g 4.0 g Test data and expert Hz (y). Vertical = rigid. 
acceleration. opinion. 

1.0 g 2.0 g 3.0 g Test data. Reactor Designer 3.0 Spurious operation of a Spectral 
(1322040601) protective relay. acceleration. 

36" Wide Metalclad Switchgear. 

3.0 Structural failure. Spectral 2.0 g 3.0 g 3.5 g Test data. 
acceleration. 

P 
Q Consulting Firm 3.00 Fracture of porcelain Spectral 2.0 g 3.0 g 4.75 g Test data, analysis Frequencies: Q 

(3222011103) insulator columns. acceleration. methods, expert 1st Mode = 1.5-4.0 Hz, 
2nd Mode = 4.5-8.0 Hz. opinion. 

Huntsville data. Military Expert 2.0 Chattering of contacts, Undamped spectral -- -- -- Test data. 
(5122070212) dropping out. acceleration. Metalclad Swltchgear. 

Acceleration. 10.0 g 15.0 g 25.0 g Test data, experience. Predominant frequencies for Test Laboratory 3.00 Chatter of contacts. 
( 3122031 904) all modes >15 Hz. 

15.0 g 20.0 g 30.0 g Test data, experience. Response is with damping of 5%. 3.00 Structural anchoring of Acceleration. 
cabinet base. 

20.0 g 25.0 g 30.0 g Test data, experience. 3.00 Structural mounting of Acceleration. 
components in cabinet. 

Power Vac Metalclad Switchgear. 

Predominant frequencies: 
Side to side = 6-11 Hz 

op inion . Front to back = 16-20 Hz 
Vertical = >30 Hz. 

1.5 g 3.0 g 5.0 g Test data, expert Reactor Designer 3.0 Spurious operation of a Acceleration. 
(1322060602) protective relay. opinion. 

3.0 g 5.0 g >6.0 g Test data, expert 3.0 Structural failure. Acceleration. 



r 'I c 
Category 23: Dry Transformers. 

Respondent Wt. Failure Modes 

Consulting Firm 1.5 Cooler unit pipe failure 
(3223021105) with loss of transformer 

oil. 

1.5 Internal structural 
failure, short of 
electrical connection. 

1.5 Failure of porcelain HV 
bushings on top of 
transformer. 

Response Percentiles 
Parameter 10% 50% 90% Basis for Response comments 

1.5 g 2.5 9 4.0 9 Spectra 1 
acceleration. 

Spectral 2.0 g 4.0 g 8.0 g 
acceleration. 

Spectral 2.5 g 5.0 g 10.0 g 
acceleration. 

Fragility parameter at floor Analytical methods, 
expert opinion. to transformer interface. 

Predominant frequencies: 
Analytical methods, Cooler unit: 7.5, 7.7 Hz 
expert opinion. Internal Structure: 7.2, 

7.6 Hz. 

Analytical methods, HV Porcelain: 8.1, 10.8 Hz. 
expert opinion. 

2.0 g 3.0 g 5.0 g Analytical methods. Predominant frequency for all Consulting Firm 1.5 Rupture of anchor bolts. Spectral 
(3223051924) acceleration. modes: -10 HZ. 

1.5 Failure of support frame. Spectral 4.0 g 5.0 g 8.0 g Analytical methods. 
acceleration. 

4.0 g 5.0 g 8.0 g Analytical methods. Spec tr a1 
acceleration. 

1.5 Electrical malfunction. 

P 
IP 
VI 

Category 24: Alr Handling Units. 

Respondent Wt. Failure Modes 
Percentiles Response 

Parameter 10% 50% 90% Basis for Response comments 

predominant response frequency 

HVAC fans. 

Consulting Firm 1.50 Structural failure. Floor acceleration. 4.0 g 6.0 g 10.0 g Design analysis and 
(3219021113) expert opinion. is 21 Hz. 

Military Expert 2.0 Threaded connections Undamped floor 
(5146010226) to tank fail. acceleration. 

2.0 Shozk activates Undamped floor 
shutdown devices. acceleration. 

-- Test data. -- -_ 

Test data. _ _  -_ _- 

Air compressors, storage 
tanks, instrument air dryers 

Huntsville data. 



Category 25: Filtering Equipment. 

Respondent Wt. Failure Modes 
Percentiles 

10% 50% 90% 
Response 
Parameter Basis for Response Comments 

Test data. Water chillers. _ _  _ _  -- Military Expert 2.0 Temporary shutdown due to Undamped spectral 
(5145010225) tripping devices. acceleration. 

2.0 Failure of structural 
_ _  Test data. Huntsville data. 

Undamped spectral _ _  -- 
welds. acceleration. 

Military Expert 2.0 Filters fall out of rack. Undamped spectral _ _  _ _  _ _  Test data. Air conditioning, chemical 
(5125010233) acceleration. and biological filters. 

Huntsville data. 

Undamped spectral -- -- _ _  Test data. Water purification units. Military Expert 2.0 Possible failure of 
(5144010224) support legs. acceleration. Huntsville data. 

Category 26:  Instrument Panels and Racks. 

P 
IP 
QI Respondent Wt. Failure Modes 

Percentiles Response 
Parameter 10% 50% 90% Basis for Response Comments 

Consulting Firm 3.0 Instrument failure. Floor acceleration. 1.5 2.0 3.0 Test data. Predominant frequencies: 
(3226022003) Mode (1, rigid 

3.0 Neld failure. Floor acceleration. 3.0 5.0 8.0 Test data. Mode 12, 11 Hz. 
Percentiles are factors times 
SSE. 
Instrument racks. 

.i' 4 



P 

Category 27: Control Panels and Racks. 

Response Percentiles 
Comments Respondent Wt. Failure elodes Parameter 10% 50% 90% Basis for Response 

Reactor Designer 3.00 Relay chatter. Floor acceleration. 3.0 g 5.0 9 8.0 g Expert opinion. Predominant response frequency 
(1327022001) 20 to 33 Hz. 

Test Laboratory 3.00 Chatter of contacts. Acceleration. 12.0 g 15.0 g 25.0 3 Test data, experience. Predominant frequency for all 
(3126011903) modes > 1 2  iiz. 

3.00 Structural mounting of Acceleration. 20.0 g 25.0 g 30.0 g Test data, experience. 
components. These modes of failure a l s o  

apply to breaker panels, 
3.00 Structural mounting of Acceleration. 20.0 g 25.0 g 35.0 g Test data, experience. auxillary relay panels, 

cabinets. instrument racks and diesel 
generators. 

Test Laboratory 3.00 Component malfunction. Acceleratlon. 12.0 g 20.0 g 30.0 g Test data, experience. Predomlnant frequency 1s 
t 3127031901) > 2 0  HZ. 

Structural €allure unllkely 
w l t h  modern design. 



Category 30: Local Instruments. 

Respondent Wt. Failure Modes 
- Response 

Parameter 
Percentiles 

10% 50% 90% Basis for Response Comments 

Predominant response 

Damping is 5%. This 
all failure modes. 

Acceleration response 6.0 g 10.0 3 12.0 4 Test data. Test Laboratory 3.0 Relay chatter. 
(31 30011107) spectrum. 1s 5-35 Hz. 

Test data. 3.0 Loosening of fasteners. Acceleration response 8.0 g 10.0 q 15.0 9 
spectrum. 

3.0 Base structural fatigue. Acceleration response 8.0 g 10.0 g 15.0 9 Test data. 
spectrum. 

frequency 

applies to 

Device is an "indicator." ,%ilitary Expert 2.0 Leakage at threaded Undamped spectral -- -- -- Test data. 
(5130040222) connections. acceleration. Huntsville data. 

Predominant frequencies: 
spectrum. Mode Y l ,  10-15 Hz. 

Mode 12 ,  29-30 Hz. 

Test data. Test Laboratory 3.0 Signal drift. Acceleration response 9.0 12.0 15 .0  

( 31 30 020 401) 

3.0 Contact chatter. Acceleration response 10.2 13.2 18.0 Test data. Mode Y3, not given. 
spectrum. 

3.0 Set point drift. Acceleration response 10.8 18.0 24.0 Test data. 
spec tr um. P 

Q 
03 

Military Expert 3.0 
( 51 30 050223) 

-- Test data. Heat sensing device. Response Undamped acceleration -- -- -- 
based on Huntsville data. spectra. 

All modes: Monitoring and Military Expert 3.0 Reduction in function. Undamped acceleration -- -- -- Test data. 
( 51 30030219) spectra. control devices. 

Response based on Huntsville 3.0 Loss of function. Undamped acceleration -- -- -- Test data. 
spectra. data. 

3.0 Support failure. Undamped acceleration -- -- -- Test data. 
spectra. 

m 



c b 

Category 31: Motor Control Centers. 

Respondent Wt. Failure Modes 
Response - 
Parame ter 

Percentiles 
10% 50% 90% Basis for Response comments 

Test Laboratory 3.0 Chatter of contacts. Spectral acceleration. 10.0 g 15.0 g 25.0 g 
(3122031904) 
(3131011904) 3.0 Structural anchoring of Spectral acceleration. 15.0 g 20.0 g 30.0 g 

cabinet base. 

3.0 Structural mounting of Spectral acceleration. 20.0 g 25.0 g 30.0 g 
component in cabinet. 

irlilitary Expert 2.0 Relay chatter. Spectral acceleration. -_ _ _  _- 
(513203021 3) 

Test data, expert opinion. Damping is 5% for all modes. 

Test data, expert opinion. Predominant frequency for 
all modes -15 Hz. 

Test data, expert opinion. 

~~ 

Test data. Response based on Huntsville 
data. 
Predominant frequency: 
1.25-500 HZ. 

Category 33: Light Fixtures. 

Respondent Wt. w Failure Modes 
Response Percentiles 
par ame te r 10% 50% 90% Basis for Response Comments 

1p 
W 

Test Laboratory 3.0 Dislodging of air duct Spectral acceleration. 7.2 g 9 . 0  g 12.0 g Test data. 
( 31 33030402) blanking clips. 

3.0 Lamp breakage. Spectral acceleration. _ _  _- Respondent is not clear 
in answers to questionnaire. 

Test data. 

Military Expert 3.0 Sheet metal failures. Undamped spectral 
(5133040206) acceleration. 

Response based on Huntsville 
data. 

Test data. ._ -- _- 



Catrgory 30: <able Trays. 

Failure Modes Respondent Wt. 
Response Percentiles 
Parameter 10% 50% 90% Basis for Response Comments 

Consulting Firm 3.0 Failure of the Spectral acceleration. 120 200 350 Analytical methods, Predominant response 
(3236010305) connection at the 
(3237020306) building interface. observation. modes . expert opinion, field fcequency is 1-5 Hz for all 

Percentiles are percentages 
of design SSE spectrum. 

3.0 Failure of the field Spectral acceleration. 200 300 600 Analytical methods,. 
welds. expert opinion, field 

observation. 

Predominant response 
frequency is 5-10 Hz for all 

Consulting Firm 1.5 Failure of supports. Spectral acceleration. 2.0 g 3.0 g 5.0 g Analytical methods. 
(3236021925) 

1.5 Rupture of parts Spectral acceleration. 4.0 g 5.0 g 10.0 g Analytical methods. modes. 
between supports. 

m 



c .i 

Category 37: Ducting. 

Respondent Wt. Failure Modes 
Response 
Pa Kame ter 

Percentiles 
10% 50% 90% Basis for Response COminent s 

Utility 3.0 Corner tearing. Floor spectral 
(2137051404) acceleration. 

5.0 g 7.0 g 10.0 g Test data. 

8.0 g 10.0 g 16.0 g Test data. 

8.0 g 10.0 g 16.0 g Test data. 

3.0 Support failure. Spectral acceleration. 

3.0 Joint separation. Spectral acceleration. 

Predominant frequency for 
response 8.5-11.0 Hz. 
Damping at 7%. 

W A C  ducts. 

Consulting Firm 1.5 Support failure. Spectral acceleration. 3.0 g 4.0 g 6.0 g Analytical methods. Predominant frequency for 
(3237061926) response 5-10 H z ,  all modes. 

1.5 Rupture of duct Spectral acceleration. 5.0 g 6.0 g 10.0 g Analytical methods. 
between supports. 

Consulting Firm 1.5 Joint separation. Ceiling acceleration or 2.0 g 4.0 g 10.0 g Analytical methods and Predominant frequency for 
( 3 23702111 9 1 differential displacement. expert opinion. response 10 Hz, all modes. 

1.5 Duct anchor and Ceiling acceleration. 2.5 g 5.0 g 12.0 g Analytical methods and 
support failure. expert opinion. 

1.5 Gross bending firm. Ceiling acceleration. 5.0 g 10.0 g 15.0 g Analytical methods and 
expert opinion. 

Test data and Predominant frequency for Architect 3.0 Corner crippling. Applicable parameter. 2.0 2.5 3.0 
Engineer analytical methods. response 15-20 Hz, all 
(61 37041201) modes. 

3.0 Duct support fail. Applicable parameter. 2.2 3.0 3.5 Test data and 
analytical methods. 

3.0 Duct rupture. Applicable parameter. 2.5 3.3 4.0 Test data and A fragility curve was 
analytical methods. included with this 

questionnaire. 



Category  38: H y d r a u l i c  Snubber s .  

Respondent  N t .  F a i l u r e  Modes 
Response P e r c e n t i l e s  
Pa rame te r  108 50% 90% B a s i s  f o r  Response Comments 

Reac to r  Des igne r  0.75 Loss o f  f u n c t i o n  due  to  V i b r a t i o n  l o a d  d u r i n g  -- -- -- 
(1337010501) l e a k a g e  or a i r  i n  normal  o p e r a t i o n .  

c y l i n d e r  b e f o r e  t h e  
seismic e v e n t  o c c u r s .  

0.75 F a i l u r e  a t  embedment t o  High l o a d  due to  a c c e l e r a -  1 .2  1.5 1.8 
c l e v i s  j u n c t u r e  because  t i o n  caused  f o r c e s .  
o f  u n d e r s i z e d  we lds  or 
poor we lds .  ~ 

0.75 T e n s i l e  f a i l u r e  i n  High l o a d  due to  a c c e l e r a -  1.6 2.0 2.8 
p i s t o n  rod a t  t h r e a d  t i o n  caused  f o r c e s .  
root d i a m e t e r  o r  i n  
c lamp b o l t s .  

E x p e r t  o p i n i o n .  I m p o s s i b l e  t o  q u a n t i f y  
p e r c e n t i l e s ,  Mode #1 
Predominant  f r e q u e n c y :  
Mode #1, 20-40 Hz. 

E x p e r t  o p i n i o n .  These numbers a r e  t h e  m u l t i -  
p l i c a t i v e  f a c t o r s  of t h e  
u n i t  r a t e d  l o a d ,  f o r  Modes 
#2  and  (3.  

E x p e r t  o p i n i o n .  

Ca tegory  41: C i r c u i t  B r e a k e r s .  

Response P e r c e n t i l e s  
P Respondent  W t .  F a i l u r e  Modes Pa rame te r  1 0 %  50% 90% B a s i s  f o r  Response Comments ul 

C o n s u l t i n g  Firm 3.0 Rup tu re  of g a s k e t  s e a l s ,  S p e c t r a l  0.75 g 1 . 0  g 2.0 g T e s t  d a t a ,  a n a l y t i c a l  I n - s i t u  t e s t i n g .  F r a g i l i t y  
methods,  e x p e r t  p a r a m e t e r  a t  c i r c u i t  b r e a k e r  (3222021104) v e n t i n g  of c o n d u c t i n g  g a s .  a c c e l e r a t i o n .  
o p i n i o n .  f o o t i n g .  These are s w i t c h -  

y a r d  c i r c u i t  b r e a k e r s .  
1 .00  g 1.25 g 2.25 g T e s t  d a t a ,  a n a l y t i c a l  T o r s i o n a l  f a i l u r e .  Modes of 3.0 F r a c t u r e  o f  p o r c e l a i n  S p e c t r a l  

i n s u l a t i o n  columns,  loss o f  a c c e l e r a t i o n .  methods,  e x p e r t  v i b r a t i o n :  1st 2.4-3.4 HZ, 
b r e a k e r .  o p i n i o n .  2nd 7.8-12.2 Hz. 

A i r  b l a s t  c i rcui t  b r e a k e r s .  

l r l i l i t a r y  E x p e r t  2.0 C o n t a c t  c h a t t e r .  
(5141010215) 

Spec t r  a 1  
undamped 
a c c e l e r a t i o n .  

- - -_ -- T e s t  d a t a .  T h i s  is a d i f f e r e n t  type o f  
c i r c u i t  b r e a k e r  t h a n  t h e  
above.  S e e  H u n t s v i l l e  d a t a .  

r Y 



.* t. 

C a t e g o r y  48: Recombiners .  

Respondent  W t .  F a i l u r e  Modes 
Response P e r c e n t i l e s  
Parame t e  r 1 0 %  50% 901% Basis f o r  Response Comments 

M a n u f a c t u r e r  3.0 P i p e  Deformat ion .  Floor  r e s p o n s e  
(1205040404) . spec t rum.  

3.0 Recombiner anchorage .  Floor  r e s p o n s e  
s p e c t r  um. 

7 .0  g 8.0 g 1 0 . 0  g T e s t i n g ,  a n a l y t i c a l  The tests were n o t  t a k e n  t o  
f a i l u r e .  methods.  

I -- -- -- -- Predominant  f r e q u e n c i e s :  
Mode #1, 9.5 Hz, 
Mode (2, 21.5 Hz. 

C a t e g o r y  49: Ceramic I n s u l a t o r s .  

Respondent  W t .  F a i l u r e  Modes 
Response P e r c e n t i l e s  
Parameter  1 0 %  50% 90% B a s i s  f o r  Response Comments 

-- 3.0 F r a c t u r e  o f  p o r c e l a i n  Base a c c e l e r a t i o n .  0.40 g 
i n s u l a t i o n .  

0.58 g 0.75 g A c t u a l  f i e l d  d a t a .  

3.0 F r a c t u r e  of p o r c e l a i n  
i n s u l a t i o n .  

Base a c c e l e r a t i o n .  0 .11  g 0.25 g 0.28 g Actual  f i e l d  d a t a .  These a r e  J a p a n e s e  compo- 
n e n t s  which a r e  more 
b r i t t l e  t h a n  American o r  
French .  

~ 

C a t e g o r y  50: S p e n t  F u e l  R a c k s .  

Respondent  W t .  F a i l u r e  Modes 
Response P e r c e n t i l e s  
Par ame t e r 10% 50% 9oa B a s i s  f o r  Response Comments 

P r o f e s s o r  0.75 D e s t r u c t i o n  of s h e a r  Floor  s p e c t r a l  0 .15  g 0.28 g 0.50 g A n a l y t i c a l  methods.  Respondent  i n d i c a t e d  good 
( c o n s u l t a n t )  c o n n e c t i o n  be tween modules .  a c c e l e r a t i o n .  
(4150011120) Predominant  f r e q ~ e n c y :  

c o n f i d e n c e  i n  r e s p o n s e .  

7-8 HZ. 



APPENDIX D 
ANALYSIS OF EXPERT OPINION DATA 

A s  part of the effort to develop component fragility descriptions for 

use in the SSMRP, Phase I calculations, an extensive expert opinions survey 
was performed. In this survey, a carefully worded questionnaire was mailed to 

several hundred well-known specialists in the nuclear industry. 

individuals were selected from the NSSS vendors, architectlengineering firms, 

consultants t o  the nuclear industry and from the ranks of colleges and 

universities. In each case, the individual was asked to respond only for 
those components for which he felt a high degree of expertise. For each 

component, the respondent was asked to provide: 

These 

The three lowest (weakest) failure modes. 

e The appropriate response quantity for each mode (e.g., peak 
acceleration, spectral acceleration at some frequency and damping or 

force resultant, etc.). 

0 The response values at 10, 50, and 90% probability of failure. 
The primary source of his information (i.e., experience, test data, 
etc.). 

The responses covered virtually every category of component needed €or 

Phase I o €  the SSMRP, with 147 detailed responses being returned. Comparison 

o f  responses from different experts for the same component showed, in general, 

suprisingly good agreement. 
provided at three probability levels, it was necessary to develop a method of 

statistically combining them. 

Inasmuch as the expert opinion responses were 

The procedure adopted was based on a combined least squares and nested 

analysis of variance approach.;k 
It was assumed that a single fragility curve of normal or lognormal 

distribution can approximately represent each generic component for a 

particular failure mode. 

be based on quite different components (because of size, manufacturing 

Since the various sets of expert opinion data could 

_--- 
*‘The statistical analysis methods used were selected and developed €or this 

application by R. W. Mensing and L. L. George. 
their methods is found in Ref. 8. 

A complete presentation of  
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techniques, design, etc.) within a single generic category, it was necessary 

to provide for subgrouping of similar components within a category for each 

mode. 
provided by the jth expert in the ith group is 

For each failure mode, the model for the qth percentile estimate 

i = l , . . . , I  , 

I 

j = 1, . . ., N. 1 ’  * C N i = N  , 
i=l 

q = 10, 50, 90 indicating l o t h ,  5 0 t h ,  and 9 0 t h  percentile estimates, 

where 

1-I, (J 

‘r . 
1 

jq 

Z 
q 

b 

are the mean and standard deviations to be estimated. 

is the deviation of qth percentile for ith group from overall 

qth percentile ( u  + 2 0 ) .  The T.’s are assumed t o  be q 1 

independent, identically distributed (IID) random variables 
with zero mean and standard deviation, *T 

i s  the variation in estimate of qth percenti.le given by jth 
expert in ith group. E ’ s are assumed to be IID random 
variables with zero.mean and standard deviation, oE. 

i j q  

is the value of the standardized normal cumulative distribution 

function at the qth percentile. 

The parameters to be estimated are p, 0, oE, and 0 as just T 
b defined. We assume the weights assigned t o  each expert opinion t o  be I{ ij 

for the jth expert in the ith group. 

1. To estimate ( u ,  CS), minimize 

6$ 
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wi th  r e s p e c t  t o  (py a> r e s u l t i n g  i n  

2 .  Es t ima t ion  of  uT and aE is based on f i n d i n g  unbiased  e s t i m a t o r s .  

Def ine  t h e  e s t i m a t o r s  as  fo l lows :  

where 

- p - Z a >  A A 2  y 

9 
SSM = 

q i j  

where 
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The expectations for SSE, SST, and SSM are then 

E[SSM] = oE c c w:j ' 
i j  

E[SST] = 30; 

7 
L 

Solving Eq.  (2) for aF and replacing E[SST] with SST , 

Similarly, from Eq. (1) 

SST/3 

1 -  c i W. 
1 

2 S o l v i n g  Eq. (3) for OT yields 

2 

i L 

( 2 )  

2 
T h u s ,  we have t w o  estimates for UT : 
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( 7 )  n 

'I 

If data for more than one failure mode is available f o r  analysis, the 

fragilities of the individual modes are combined to yield the union of these 

modes, i.e., 

T 

n 
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APPENDIX E 
EQUIPMENT FRAGILITY DATA BASE 

ABSTRACT 

Part of the effort of the Seismic Safety Margins Research Program (SSMRP) has 
been directed at generating a fragility data base for equipment used in control 
and safety systems in commercial nuclear power plants. Component fragility 
data have been compiled in various forms, depending on their content, intended 
use, and level of reduction. The data are stored in a relational data base on 
the LLNL CDC 7600 computers; this provides easy accessibility for LLNL computer 
users. This report describes the present structure of the data base and 
presents its contents through the use of tables. This report is a revision of 
an earlier one of the same name and number (UCRL-53038). Additional data have 
been included and the presentation has been revised to enhance its usability. 
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EXECUTIVE SUMMARY 

This report describes a relational data base, which consists of seismic 
fragility descriptions for nuclear power plant equipment and data from which 
many of the fragilities were developed. The fragilities stem primarily from 
three sources: 

1. Design analysis reports from manufacturers of components for the Zion 

2 .  Experimental data obtained from the results of component 
Nuclear Power Plant. 

manufacturers' qualification tests, failure data testing by 
independent laboratories, and data obtained from the U.S. Army Corps 
of Engineers SAFEGUARD Subsystem Hardness Assurance Program. 

Seismic Safety Margins Research Program (SSMRP). 
3 .  The results of an extensive expert opinion survey conducted by the 

The basic data resulting from the expert opinion survey, including loth, 50th, 
and 90th percentile estimates of probability of failure for many categories of 
equipment and a variety of failure modes are included. Also included are the 
results of combining both individual opinions within a failure mode and various 
failure modes within categories. The statistical methods used in making these 
combinations are discussed. 

Since the process of adding to the data base and statistical.ly combining these 
data is continuing, the listings of data included represent the status of the 
contents of the data base at this report date and may be upgraded by new data 
at any time. 

16 1 



1.0 INTRODUCTION 

One of the primary objectives of the SSMRP is to develop both a methodology 
and mathematical models that realistically predict the probability of 
radioactive releases from seismically induced events in nuclear power plants. 
The Fragilities Development Project' was established to help meet this 
objective. Research in the project centers on the development of power plant 
structure and component fragility in probabilistic terms. A complete 
presentation of the sources of data and methodology used by the SSMRP for 
fragilities development is included in Ref. 1. 

Approximately 50 generic categories of mechanical and electrical components 
were originally identified for this purpose. Of this number, 37 were chosen 
for subsequent fragility development. The fragilities developed for these 
categories are based on site-specific data and design reports from the Zion 
Nuclear Power Plant, the U.S. Army Corps of Engineers Safeguard Program, and 
the results of an extensive expert opinion survey conducted by the SSMRP. 
This data base consists of a variety of information, all related in some way 
to the development of the fragilities for these categories of components. 

The data base was structured on LLNL's CDC 7600 computers through the use of 
the FRAMIS data base managemdnt system, and while access to the data is most 
conveniently accomplished by using FRAMIS, it can also be accomplished with 
the tables in this report. FRAMIS is documented in Refs. 2 and 3.  

Some of the data have been grouped into tables that were structured for 
convenience in the fragility data reduction process. Other tables were 
structured simply to allow convenient storage of information. FRAMIS allows 
easy regrouping of data into virtually any format that the user may find 
useful. This data base is continuing to expand as new data are collected. 
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2.0 DATA SOURCES 

For various reasons, actual fragility data for mechanical and electrical 
components are very scarce. Consequently, the SSMRP conducted an extensive 
expert opinion survey that yielded probabilistic information for several of 
the component categories. In addition, data and design reports from the Zion 
Nuclear Power Plant and data from the U.S. Army Corps of Engineers Safeguard 
Program were used. $ 

2.1 EXPERT OPINION SOURCES 

Approximately 50 generic component categories were identified for fragility 
determination. 
loth, SOth, and 90th percentile values for component strength at failure by 
these modes as a function of an appropriate fragility parameter (usually 
spectral acceleration). Each set of opinion data was evaluated using several 
criteria, including source (i.e-, manufacturer, test laboratory, professor, 
etc.), basis (i.e., test, analysis, etc.), and the expert's own evaluation of 
level of his expertise. 
in the experts' opinions were then applied to each set of estimates. 

4 

Experts were asked to identify modes of failure and estimate 

Weighting factors reflecting the degree of confidence 

Thus, for a particular generic category of component and a particular failure 
mode, one set of data consists of one expert opinion of the loth, SOth, and 
90th percentile values of strength at failure and a subjective weighting 
factor. 

The information obtained in the survey and the results of various levels of 
reduction of the data are included in this data base. 

2.2 ANALYSIS AM> TEST DATA SOURCES 

Data and design reports from the Zion Nuclear Power Plant and data from the 
U.S. Army Corps of Engineers Safeguard Program were compiled and reduced for 
the SSMRP by Structural Mechanics Associates (SMA) . 4  
Ref. 4 are included in this data base. Modifications of these data (as 
described in Section 3.2 of this report) are also included. 

Selected data from 
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3.0 DATA ANALYSIS 

3.1 EXPERT OPINION ANALYSIS 

It was assumed that a single fragility curve of normal or lognormal 
distribution can approximately represent each generic component for a 
particular failure mode. 
be based on quite different components (because of size, manufacturing 
techniques, design, etc.) within a single generic category, it was necessary 
to provide for subgrouping of, similar components within a category for each 
mode.* For each failure mode, the model for the qth percentile estimate 
provided by the jth expert in the ith group is: 

Since the various sets of expert opinion data could 

i = l , . . . , I  , 
I 

'N = N ,  i=1 i j = 1 , .  . - I  Ni i 

q = 10, 50,  90 indicating loth, 50th, and 90th percentile estimates 

where 

P f  are the mean and standard deviations to be estimated. 

Ti is the deviation of qth percentile for ith group from overall 
qth percentile ( p  + Zg). 
independent, identically distributed (IID) random variables with 
zero mean and standard deviation, uT. 

The Ti's are assumed to be 

Ei jq is the variation in estimate of qth percentile given by jth 
expert in ith group. 
variables with zero mean and standard deviation, uE. 

is the value of the standardized normal cumulative distribution 
function at the qth percentile. 

Eijq's are assumed to be IID random 

% 

The parameters to be estimated are p ,  u ,  uE and uT as just defined. 
the weights assigned to each expert opinion to be wij for the jth expert in 
the ith group. 

We assume 

* The statistical analysis methods used were selected and developed for this 
application by R. W. Mensing and L. L. George. 
of the methods can be found in Ref. 5. 

A more complete presentation 

Y 

i 

n 
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1. To estimate (p, a), minimize 

with respect to (11, a) resulting in: 

2 .  Estimation of aT and is based on finding unbiased 
estimators. 

Define the estimators as follows: 

where 

- 
X - - L Z w  ij x ijq ' i.q w i. j 

w = c Wij I 

j 
i. 
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where 

The e x p e c t a t i o n s  for SSE, SST and SSM a r e  then 

2 
i j  E[SSM] = a2 w 

E i j  

i .  E E[SST] = 3a 

2 2 
E[SSE] = 3 ( ~  + aE) - 2~ 

T2 

S o l v i n g  Eq. ( 2 )  for o 2  and rep lac ing  E[SST] wi th  SST, 
E 

A 2  a =  E 
SST/3 

2 

i 

S i m i l a r l y  from Eq. (1):  

A2 SSM 
u =  

E C C w:j 
i j  

( 3 )  

(5 )  

n- 
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E[SSE] - 3a 2 + 2a c c Wfj 
E i  E 

u2 = 
T 3 ( 1  - CWi) 

i 

2 
T T h u s ,  we have two estimates for u 

b 

L 

A 2  SSE - 3aE + 20 
E -  

3(1 - x wf) 
i 

SSE - 3a2 + 2t2 
Wfj E i  a2 = 3 

E 

3 (1 - -y w2) T 
U ( 7 )  

If data for more than one failure mode is available for analysis, the 
fragilities of the individual modes are combined to yield the union of these 
modes, i.e., 

FTOTAL = 11 - (1 - F1) (1 - F2) e.. (1 - FN) J . 
The application of these statistical methoas to the expert opinion data was 
accomplished through the use of the Fortran program, FRAGSTAT, which is 
documented in R e f .  6. 

3 . 2  OTHER ANALYSIS 

Reference 4 contains fragilities with lognormal distribution only. For 
consistency and comparison purposes, it was desirable to have both normal and 
lognormal data; therefore, a procedure for fitting the lognormal data to 
result in a suitable normal distribution was needed. The following criteria 
were used: 

a. The statistical mean of the normal distribution was assumed to be the 
same as the median of the lognormal distributions, i.e., p = m. 

b. The standard deviation of the normal distribution was assumed to be 
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'50 - '10 - - '50 - '10 
'50 - '10 1.28 u =  

n 

where 
X50 = the fragility parameter at 50% probability of failure, 

x10 - - the fragility parameter at 10% probability of failure, 
Z50 = the value of the standardized normal cumulative distribution 

function at 50th percentile, 

Zl0 = the value of the standardized normal cumulative distribution 
function at 10th percentile. 

c. The value of the fragility parameter at 90% probability of failure is 
then given by 

3.3 EXAMPLE OF COMBINING DATA 

To illustrate the procedure used in combining data from several sources to 
develop a single fragility, consider, €or example, t h e  category of small 
miscellaneous valves (Category 18). 
for Category 18 (OPNO 132 through OPNO 146 in the data base table OPINION).* 
The first 10 sets will suffice to illustrate the procedure. 
data for these opinions follows: 

There are 15 sets of expert opinion data 

A portion of the 

Percentile Estimates 

50% 90% Failure Mode - - 10% - OPNO Weight 
132 3.0 10.00 12.00 15.00 Leakage 

133 3.0 6.60 7.80 10.80 Internal seat leakage 

134 3 . 0  12.00 15.00 20.00 Gauling of stem 

135 1.5 6.00 7.50 8.50 Stem binding 

136 3.0 15.00 30.00 50.00 Internal damage 

137 1.5 10.50 12.00 14.25 Mechanical binding of the valve 

138 3.0 10.00 18.00 30.00 Structural failure 

139 3.0 12.00 15.00 20.00 Structural fatigue at neck 
140 3.0 12.00 18.00 24.00 TOP structure of valve 

141 3.0 20.00 50.00 100.00 Fracture of valve body 

* The data base tables are all listed in Section 6.2. 

n 
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4 

b 

The fragility parameter for each is spectral acceleration (9). 

The failure mode description of the first two sets clearly calls for them to 
be grouped together as one mode. 

The next four (134-137) are similar in failure mode, each indicating a 
functional problem, and in addition 134 and 135 are probably the same failure 
mode. 
further subgrouping of 134 and 135 is indicated. 

e Therefore, 134 through 137 will contribute to the same failure but a 

The last four sets all indicate structural failure, and in addition 139 and 
140 are for the same location on the valve. 
contribute to the same failure mode and further subgrouping of 139 and 140 is 
indicated. The following summarizes the grouping to be used: 

Therefore, 138 through 141 will 

OPNO - Group Subgroup Failure Mode 

132 1 1 Leakage 
133 1 1 Leak age 

134 
135 
13 6 
137 

138 
139 
14 0 
141 

Functional Failure 2 1 
2 1 Functional Failure 

Functional Failure 2 2 
2 3 Functional Failure 

S t r uc t u r a 1 Fa i 1 u I: e 
S t r uc t u r a1 Fa i lure 
Structural Failure 
S t r uc t u r a 1 Fa i lu I: e 

3 1 
3 2 
3 2 
3 3 

Applying the analysis described in Section 3.1 leads to the following log- 
normal results. 

OPNO - 
132 
133 

I34 
135 
136 
137 

138 
139 
140 
141 

Mod e - Individual -- 
V m - B - 

V m - B - 
10.0 0.329 

8.2 0.203 

15.3 
7.3 
28.2 
12.2' 

17.5 
15.3 
17.3 
46.4 

15.9 0.620 I 0.201 
0.142 
0.476 
0.120 

21.6 0.714 I 0.430 
0.201 
0.275 
0.635 

Total 
V 

B - m - 

' 8.5 0.339 

Thus, for this particular grouping of data, a resulting single distribution 
for  fragility of m V = 8.5 g, B = 0.339 is obtained. 
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Figure 1 shows the results of combining the groupings of expert opinion data 
to result in one fragility curve for the functional failure mode. The 
influence of the high weight factor assigned to OPNO 136 can be seen in the 
tendency of the result toward higher fragility levels. 

Figure 2 shows the results of combining the three failure modes to result in 
one fragility curve for the category. 
dominates the result. This will be true in every case of combining modes 
since the result is computed by the union of the individual modes. 

Here the mode of lowest fragility 

Other groupings might be considered than the preceding ones. For example, 
leakage might not be considered a failure mode of concern, and in that case 
OPNO's 132 and 133 would not be used. Data from sources other than expert 
opinion can be included in the groupings by first determining from the 
cumulative distribution function the loth, 50th and 90th percentile values of 
spectral acceleration (or appropriate parameter), assigning a weight factor, 
and then treating the data in the same manner as expert opinion. 
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CUMULRTIVE DISTRIBUTION FUNCTION 
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F i g u r e  1. Results of combining groups. 
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CUMULQTIVE DISTRIBUTION FUNCTION 

Figure 2. Results of combining modes. 

172 



4 . 0  LOAD SCALE FACTORS FOR PIPING ELEMENTS 

The development of fragilities for the piping systems at Zion presented a 
different kind of problem than other categories of equipment, since fragility 
descriptions were needed for virtually every conceivable combination of piping 
elements. The approach taken was to avoid developing separate fragilities for 
each combination by relating individual pipe element fragilities to a master 
pipe element fragility by means of a load scale factor, FP, defined as 

L 

Capacity of reference pipe element 

Capacity of pipe element under consideration 
F =  

These factors were computed for several sizes and schedules of pipe elements, 
including straight pipe, butt welds, elbows, miter joints, and branch 
connections. The development of the load scale factors is discussed in detail 
in Ref. 4 .  The data base contains the resulting load scale factors together 
with the related piping element parameters. They can be found in this report 
in tables in Section 6.2. 
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5.0 SUMMARY OF FRAGILITIES 

Section 6.0 of this report deals with the details of the data base structure 
and content. The results of the various groups of data tend to be obscurred 
by the number and details of the individual data sets, and since the results 
of the groupings may be the only material of interest to some readers, they 
have been extracted and are presented in this section. The following tables 
are computer listings produced from the contents of the data base through the 
use of the relational capabilities of the F W I S  data base manager. Each 
table represents one category of equipment and each set of results consists of 
the lognormal distribution parameters (median and beta), the failure mode 
description, associated notes, and group identifier that can be used to obtain 
further information from the data base tables presented in Section 6.2. 
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1 

1 c 
G rio CI P - _ _ _ -  

GRPCl1 A 

G ~ ; P C )  1 B 

GI?PO 1 c 

SPIACI 1 

SP1A CI 2 

RESO 1 A 

3 . 9 1 6  . ~ O R  

5 . 8 4 6  . 7 5 7  

6 . 6 9 3  , 8 2 3  

2 . 7 4 6  . 369 

5.9a9 ,339 

2 . 0 5 6  ,396 

SP ACCEL G B I N D I N G  OF COPITROL RODS 
L Y  I I\IDUCCD DE;'(Ji-;I l i \ T  I O N S  

DUE TO S E I S M I C A L  

S P  ACCEI- G DEFORMATION O F  G U I D E  TUBES DUE T 5  S E I S M I  
C IMPACT 01- F U E L  B U N D L E  

SP ACCEL G F A I L U R E  O F  CORE SUPPORT STRUCTURE DUE T U  
I F I E R T I A  LOAD O F  F U E L  

SP ACCEI- G DEFOR. 0F G U I D E  TUBES / G U I D E  P L A T E  WELD 

SP A r T E L  G CONTROL ROD I-IOUSING DEFORMATION 

NOTES - - - - -  

PREDONI  PIANT F R E Q U E N C I E S  M O D E  # l  ,3HZ; 

MODE T ; 2 , 3  HZ; AND MODE # 3 ,  5 HZ. 
Fl?ECENT I LES I NCLUDE L O C A ,  
PCiR, AILL M O U E S ,  
F U N C l -  I O N A L  F A  I L U R E  
FI::AG I L I TY FAF<i\METER ACCEI-ERAT I ON 
A T  C O l i E  SUPPGRT ATTACHMENT 
TO XEACTOR V E S S E L .  

MODE T . 2 , 3  HZ; AND MODE # 3 ,  5 HZ 
Fl?ECENT I LES I NCLUDE L O C A ,  
P U R .  AILL M O U E S .  

- F A I L U R E  
F1:F.G I L I TY FAF<i\METER ACCEI-ERAT I ON 
A T  C O l i F  SUPPGRT ATTACHMENT 

roFz VLSSEL. 

PEIFDOPIINANT F E E Q U E N C I  E S  M O D E  #1,3HZ; 

MOClE Q 2 , 3  HZ; AIdD MODE # 3 ,  5 HZ. 
PBFCENT I L E S  I NCLUDE L O C A ,  

PREOOr.11 NANT F H E Q U E N C I  ES M O D E  #l , 3HZ;  

MODE $?2, 3 HZ; AND MODE # 3 ,  5 HZ. 
P R E C E N T I  LES I NCLUDE L O C A .  
PWR, A L L  MODES. 
F U N C T  I GblAI- FA. I L U R E  
F R A G  I L I TY PAR/\ i . IEl 'ER A C C E L E R A T  I 5 N  
A T  CORE SUPPORT ATTACHMENT 
10 REACTOR VESSEL 

FREQUENCY 5-15 HZ , 5% D A M P I N G  

FREOUENCY 6 H Z  . 5% D A M P I  NG 

GRPMODE L I S T S  GROUPS I N C L U D E D  I N  R E S O l A  



1 
CATEGORY: 2 . 1  REACTOR PRESSURE V E S S E L  

F A I L U R E  MODE - - - - - - - - - - - -  GROUP M E D I A N  B E T A  F R A G .  PARAM. _ - - - -  _ _ _ _ - -  _ _ - -  - - - _ _ _ - _ - - - -  

GRPOZA 4 . 1 6 2  ,275 SP ACCEL G G U C K L I N G  UF S K I R T  

GRPC12B 5 . 4 3 0  ,289 SP A C C E L  G F A I L U R E  0F S K I R T  ANCHOR B O L T S  

N 0 T E S  - - - - -  

A L L  M 6 D E S :  PREDBMIEIANT F R E Q U E N C I E S ,  

MARK I !  9-15 HZ,MARI< 1 1 1  3-5 H Z .  
MA17K I I 8 I I I REFER TO GE BWR C O N T A I N -  
MENTS PRESS EOUND F A I L .  
A L L  MODES. 

A L L  MUDES: PREDOMINANT FREQUENCIES,  

MARK 1 1  9-15  H2,MARK 1 1 1  3-5  H Z .  
MARK I I S. I I I REFER TU GE BWR C O N T A I N -  
MENTS PRESS BOUND F A I L .  
A L L  MODES, 

GRPOZC 6 . 4 6 2  , 3 2 5  SP A C C E L  G S T R E S S  I N T E N S I T Y  AT V E S S E L  SUPPORT PB0L T Y P E  REACTOR V E S S E L  ( L I Q .  S O D I U M )  

PREDBt4 I NANT FREOUENCI  ES, MODE # 1 -7 HZ 
MODE $42-7.5 HZ 
MODES j t 3 - - -  

r 
4 RESOZA 3.033 ,230 m 

rl h 

PRESS. B O U N D  F A I L ;  A L L  MODES. 

GRPr lODE L I S T S  GROUPS I N C L U D E D  I N  R E S 0 2 A  



G R P 0 2 D  3.  1 0 8  , 3 6 1  SP A C C E L  G F A I L U R E  O F  SKI R T  ANCHOR B O L T S  

G R P 0 2 E 5.430 ,289 SP ACCEL G B U C K L I N G  O F  S K I R T  

s r1 A 0 5 2,000 , 398  SP ACCEL G SUPPORT S K I  R T  B O L T 1  NG 

RES 0 2[: 3 . 0 2 2  , 3 3 3  

NOTES - - - - -  

PEESSUR I ZER 

BUTIi MODES PREDBM I N A N T  FREQUENCY,  
7 . 0  HZ. 
PERCENT I LES 1 N C L l l D E  L O C A  . 
PRESS, BOUND.  F A I L ;  ALL ClODES 

PRESSUR I Z E R .  

BOTH MODES P R E D O M I N A N T  FREQUENCY, 
7 . 0  HZ. 
PERCENT I L E S  I NCLUDE L O C A .  
PRESS, BOUND.  F A I L ;  A L L  MODES. 

FREQUENCY 18 -22  HZ , 5% D A M P I N G  

GRPMODE L I S T S  GRUUPS I N C L U D E D  I N  RES02B 

P 
4 
4 



C.F\TEGORY: 2 . 3  $TEAM GENERATOR 

r i a  I A N  - - - - - -  

1.891 

4 . 7 1 6  

3 . 8 9 6  

2 . 8 8 6  

3.166 

,208  S P  f*lOMEI'ITS RUPTURE A T  P R I M A R Y  I N L E T  OR O U T L E T  N O Z Z L  
E ,  RUPTUKE A T  FEEDWATER NOZZLE 

,339  FOI?CES N O Z Z L E  F A  I L U R E  

201 SI' A C C E L  G F A I L U R E  O F  STEAM GENERATOR LEG IMDEDMENT 
I N CONTA I I W E N T  F L B O R  

,275 S P  ACCEL G F A 1  L U R E  O F  CONNECT1 U N  BETWEEN SUPPORT L E  
G ANI) STEAM GEPIERATOR BODY 

. 4 2 2  SP ACCEL G T U B I N G  F A I L U R E  

PI  1AC13 3 . 2 8 7  I 440  S P  A C C E L  G SUPPORT COLUMN F A 1  L U R E  

H 1'12 CI ,'? c 1 . i i Y O  . 208  

R E.5 0 2 D 4 . 7 1 8  , 3 3 9  

R FS 0 2 E 2.435 ,263 

h z 

N 0 -r E s - - - - -  

STEPM GENERATOR.  B O T H  MUDES : 

PREOt3M I NANT FREQUENCY, 10- 15 HZ, 
P R E S S .  BOUND. F A I L ;  A L L  MODES. 
PIGDZ 4.1 F A C l C ' R S  T I  EIE SY ( S Y  FROM 

S T E A i l  GENERATO!? A L L  MODES; 

PREDOM 1 NANT FREQUENC I ES : MODES t 1 1 0-30 

PlODES 1t 3 20-100 HZ.  
PlcsDES 4; 2 R 1 G I D  

P R E S S .  DOIJND. F A I L ;  A L L  MODES. 

S T EAI.1 GENERA T 0 R 
A L L  MODES: FRFDOMI NANT FREQUENCY 7 . 5  I iZ  
A L L  MDDES: V E R T I C A L  
D I RCCT I ON ACCELEEAT I ON 
PRESS I l3OlJbID. F A  I L; A L L  MODES. 

STEAM GENERATUR , 

ALL rioixs : PEEDOM I NANT FREQUENCY 7 . 5  HZ 
A L L  MOIJES : V E R T  I C A L  
D I REC1' I G d  ACCELERAT I ON 
PRESS. BOUND. F A I L ;  A L L  MODES. 

STEAM GENERATOR A L L  MODES: 

PREDOFlII'IANT FREQUENC1ES:MUDES # 1 10-30 
MODES % 2 R I G I D  
I'.IOC)ES # 3 20-  100 HZ. 
PRESS. I3OUND. F A I L ;  A L L  MODES. 

TREQUCI\ICY 5 H Z  , ( N S S S  S Y S T E M )  , 5% DAMP 
t-I?I~ClUEilCY 5 HZ (I\ISSS S Y S T E M )  5% DAMP 
GRPPIODLf L I S T S  GkOUPS I NCLUDED I R E S 0 2 C  

CRPMODE L I S T S  GROUPS I N C L U D E D  1 N  R E S 0 2 D  

GRPMODE L I S T S  GROUPS iNCLUlZED I N  R E S 0 2 E  

d h 



T
 

0
0

 
U

v
)

 
z
t
-
 

W
 
3
 

0
 

179 



N
 
I
 

0
 

- I
 

0
 

4
 
h
 

n
 

I
-

N
 

i
I

 
a
 

2
0

 

K
 
0
 

c
 

K
 

Y
 

v) 

I
 

-I 
-1

 
W

 
I
 

u
) 

I
 

I- 

3
 

- 
I- K

 
0
 

a
 

3
 

u) 

LL 
D

 
I
 

- _
I 
0
 

0
 

(3
 

i
 

-I 
Y

 
0

 
3

 
rn 

t
 

C
 

_
I 

U
 

0
 

- 
.
I
 

(
3

(
3

 
(3

 

-1
 

LLi 
0
 

0
 
a
 

(3
 

-
I
J
 

w
w

 
0

0
 

0
0

 
a

a
 

I
 

- w
 

0
 

0
 

Q
 

a. v) 
I

L
L

 
m

u
)

 
c' 

a
o
,
 

-
0

 
0

0
 

Lc) 
u 

c
 

i3
 

v
 

LO 

b
 
0
 

P
 

C. 
D

r
n

 
N

I
I

)
 

0
?

J
 

b
-

 

O
b

 
LO 

a
 

a
T

 
-

N
 

18 0 



LL 
i3 
4
 

G
 

N
 
I
 

a
)
 

(7
 

I
 

a
 

a) 
0
 

u) 
W

 
K

 

N
 

r
 

a
)
 

0
 

I 

N
 
I
 

a
)
 

0
 

I 

0
 

W
 

3
 
a
 

_
I 

0
 

Z
 

d 
- u) 

I
 

v) 
0
 

-I 
v) 

+ 

d
 

u) 
I- #
 

-1
 

- 
v
 
z 
I- 
a
 

.. u) 
W

 
0
 

0
 

E
 

-1
 

-1
 

a
 

D 
a 

IY
 

w
 

Z
 

I- 
<

 
J
 

LL 
I
 

I- 
3

 
- 

iL 
LL 

I- 
#
 

- -I 
Q

 
0
 

LL 
O

 

O
G

 
(7

 
LQ 

G
N

 

4
 

I 
N

 
(7

 
L') 

c
9

N
 

1
8
1
 



W
 

(3
 

d
 
a
 

n
 

t- (3
 

0
 
a K

 
c 0 
-J 
LL 

0
 

0
, 

0
 

0
 

co 
(0

 

(u
 

0
 

G, 
a, 

- 
c
 

E 

i
 

182 



P 
W 
W 

1 
CATEGORY : 1 0 . 0  S M A L L - P l E D I  UM V E S S E L S  AND H E A T  EXCHANGERS 

F A 1  L U R E  MODE - - - - - - - - - - - -  GCOIIP PIED I A N  E3ETA F R A G .  PARAM. - - _ _ - -  - _ _ _  _ - _ _ _ - - - - - _ -  - - - - -  

GRP 1 OA 2 . 0 7 9  ,275  ACCEL G R U P T U R E  UF ANCHOR B B L T S  

G K P l O R  1 2 . 7 6 9  ,359 ACCEL G S-TRUCTURAL F A  I L U R E  

G R P l  OC 2 . 5 9 9  , 4 5 2  ACCEL G SUPPORT F A I L U R E  

SP1.4 1 0 7 .925 .599 SP ACCEL G SUPPORT F A 1  L U R E  

S M A l  1 7 . 1 7 1  ,916 PK ACCEL G SUPPORT L E G  F A I L U R E  

KES 1 OA 1 . 8 4 1  .275 

b c 
N B T E S  _ - - - -  

B B T H  MODES: PREDBMI NANT FREQUENCY 1 5 - 3 0  

I-IOR I ZONTAL TANK AND H E A T  EXCHANGERS. 

PREDOII 1 NANT FREQUENCY : GREATER THEN 20 H 
SMALL V E S S E L S .  

BOTH MUDES: PREDOMINANT FREQUENCY 15-30 

HOR I ZONTAL TANK AND H E A T  EXC.'-'ANGERS. 

FREQUENCY 6 - 9  HZ , 5 %  D A M P I N G  

FREQUENCY 12.8 HZ , 5% DAMP1 NG 

GRPt4ODE L I S T S  GROUPS I N C L U D E D  I N  R E S l O A  



SMA 1 2 1 .399 . 601  PK GD AC G BUCKI-I NG AND FRACTURE 

SMA 1 3 1 I 399 , 6 0 1  PK 6 D  AC G BUCKLING AND FRACTURE 

R E S l l A  201 .OOO , 4 0 6  

P!UTES - - - - -  

ZION B U R I E D  P I P E  

ZION B U R I E D  P I P E  

GliPMODE L I S T S  GROUPS INCLUCED I N  R E S l l A  



GRP 1 Z A  3 , 5 5 7  ,401 SP ACCEL G FAliirlRE O F  C O N N E C T l O N  Tt3 SUPPORT L E G S  

G,RP 1113 5 R47 . 406 SP ACCEL G BUCKI-I NG O F  SUPPORT L E G  

SMA 1 4 3 . 2 3 7  . 4 4 0  SP ACCEL G SUPPORT COLUMN BOLTING 
RES i2a  2.640 .336 

f I r  i b  c 

BOTH MODES, PREDOMI NANT FREOUENC I ES : 4 . 5  

PERCENT1 L E S  I NCLUDE L B C A .  

BOTH FIODES, PREDUM I NANT FREQUENC I E S  : 4 . 5  

PERCENT I L E S  I NCLUDE L U C A .  

FRE‘OIJENCY 5 HZ , (NSSS S Y S T E M )  , 5% DAMP 
FRI-F(.lIJE~I~ICY 5 HZ ( NSSS SYSTEM) 5 2  DAMP 
GR1’[’iODE L I STS GkOUPS I NCLUDED I h RES 1 2 A  



PAGE 

1 
C 4  I'EGORY : 1 3 .  0 L A R G E  V E R T  1 CAI- CEI'ITT: 1 FUG.41- PUPIPS W 1 TH MOTOR DR 1 VE 

F A  1 L U R E  PIODE - _ - - - - _ _ - - - -  GROUP M E D I A N  B E T A  F R h G .  PARAM. 
_ * - _  - - - - - - -  _ - - -  _ _ _ - - _ _ _ _ - - -  

GRP 1 3 A  2 , 6 8 3  , 2 7 5  S P  ACCEL G RUPTURE OF CONNECTlONS T O  SUPPORT S T R U T S  

, GRP 13B 4 . 9 3 3  , 1 5 9  S P  ACCEL G T E N S I L E  F A l L U R E  OF SUPPORT STRUTS 

SMA 15 3 . 4 9 0  , 3 4 2  SP ACCEL G B E N D I N G  U F  PUMP C A S I N G  

RES1 3 A  2 . 8 6 8  .259 

NUTES - - - - -  

PRZDOP.1 I NANT FREOUENCY 4 . 5  HZ . A L L  MODES, 

PREDOMlNANT FREOUENCY 4 . 5  H Z .  A L L  MODES. 

FREQIJENCY 7 HZ , 5% D A M P l N G  

GRPMODE L I S T S  GRUUPS l N C L U D E D  I N  R E S 1 3 A  
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PAGE 

1 

GRCllP - - - - -  

SMA 1 G 

S M A l 7  

SPlA 1 8 

S M A l 9  

SMAZIO 

S N A 2  1 
F co co 

S M A 2 2  

17ES 1 5 A  

RES i sa 

CAlL-C:OI;Y : 1 5 .  0 MOTOR DR I VEN COMPRESSORS AND PUMPS 

I l E D  I AN - - - - - -  

3 . 1 9 0  

1 1 . 7 0 5  

4 . 6 6 5  

7 . 1 7 1  

8 . 2 4 8  

39.616 

3 2 , 4 6 0  

4 . 3 1 5  

3 . 1 8 5  

F A  1 L U R E  MODE - - - - . . - _ - - _ _ -  B E T A  FRAG.  PARAM. - - - -  - - _ - _ + - - - - - -  

338 ACCEL G I MPEI-LER D E F L E C T  I U N  

. 1 1 9  ACCEI- G MOUNTING B O L T  F A I L U R E  

4 1  3 Z P R D  AC (3 F L A N G E  B E N D 1  NG 

,278  Z PRD AC G S H A F T  B E N D 1  NG 

, 3 1 8  Z PRD AC G THRUST B E A R I N G  F A I L U R E  

.304 2 PRD AC G S H A F T  D E F L E C T I B N  

, 4 0 8  Z PRD AC G G E N E R I C  r U N C T l O N  

,340 

, 3 3 7  

NOTES - _ _ - -  

FREQIJENCY 7 H Z  , 5% D A M P I N G  

FREOI.JENCY 7 HZ , 5% D A M P I N G  

FREOUENCY 7 HZ , 5% D A M P I N G  

FREQUEIsICY 7 HZ , 5% D A M P I N G  

Z I O N  S A F E T Y  I N J E C T l a N  PUMP , R I G I D  

Z I O N  S A F E T Y  I N J E C T l ( 3 N  PUMP, R l G I D  

Z I O N  CENTR.  CHARGING PUMP, R I G I D  

Z I B N  CENTR.  CHARGING PUMP, R I G I D  

G E N E R I C  PUMPS d C d M P R . ,  R I G I D  

GRPMODE L I S T S  GROUPS I N C L U D E D  I N  R E S 1 5 A  

GHP14ODE L I S T S  GROUPS I N C L U D E D  I N  R E S l 5 B  



NOTES - - - - -  

G R P I S A  1 7 . 3 0 5  .275 SF' ACCEL G BREAKS A T  MELD ENDS PREOCIPI I NANT FREOUENCY : 

GI7P1 ?D 1 0 ,  E;?3 . 2 5 7  SP ACCEL G RUPTURE OF P I P E  SUPPORT A T  N O Z Z L E  

cn r  1 ~c 7 . 6 0 6  -31 0 S P  ACCEL G LOSS O F  CONTROL A I R  

A L L  MODES: PREDOMINANT 

FRE.OI.IZNC I ES 2 - 1 0 HZ . 

B U T T E R F L Y  V A L V E  PREDOMINANT FREOUENCY: 

R I G I O .  

A L L  MODES. PREDOMINANT FREQUENCY R I G I D .  Gtl',F'l 6 D  1 1 . 1 9 0  .35E SP ACCEL G El-ECTR I C A L  F A  I L U R E  I N ACTUATOR 

B A L L  VAL;iE W I T H  ACTUATOK AND 
LOG 1 C CAB I N E T  

CiG 

6 Ii 

10.591 , 4 7 6  PI( ACCEI- G FRACTURE OF VAI-VE ACTU."TBR TOP COVER A T  
COIWEC r I or1 TO VALVE e o D Y  

PREDONI NANT FREQIJENCY: GRP 
P 
CO 
W MODE C l  V A L V E  ACTUATOR 2 7 . 7  H Z .  

RUGCI-ES K L  I NGElVlkN TR I P V A L V E .  
FIuI:)E " S P R  I NC ~ E C I - ~ A i ~ l  I SM 1 0 - 12 HZ. 

G r i  P F A  I LURE O F  SPR I NG _MECHAN I SM DUE TO EXCES 
S l V E  P I - A S T I  C IJ I~ I - (J I . t l lATION 

P R E D O M I  N A N T  FREQUENCY: 7 . 0 2 9  , 2 7 1  PI< ACCEL G 

SM A ;I 3 7 . 5 3 8  - 6 4 6  PK ACCEL G uri CIF EXTENDED OPERATOR STRUCTUR R I G I D  

R I G I D  

D I STORT 
E 

Si' AZCEL G 

Z P D  PI< A C  

d:L RES R ! G ! D  

S i-IA ;! 5 43.816;  .4C8 GENER I C R I G I D  

REP 1 GA 

RES 1 E;[; 

4 . 8 2 9  , 3 1 7  

7 . 6 0 6  . 3 1 5  

GRPMODF L I S T S  GROlJPS I N C L U D E D  I N  R E S 1 6 A  

GRPMODtI 1- I STS GROUPS 1 NCLUDED I N R E S 1  6B 



1 
CA.TEGORY: 1 7 . 0  LARGE R E L I E F  AND CHECK V A L V E S  ( r 4 I N .  1 

F A I L U R E  MODE 
_ _ _ _ _ _ _ _ _ ^ _ _  

GROUP P l E D I A N  B E T A  F R A G .  PARAM. - - - - -  _ _ _ - _ -  _ - - -  _ _ _ _ _ _ _ _ _ _ _ -  

G R P  1 7 C  8 . 9 1 7  , 1 3 2  S P  ACCEL G D I S C  BECOMES DlSEblGAGED 

G R P l 7 D  1 2 . 6 5 4  , 1 3 0  SP ACCEL G D l S C  BECOMES BOUND 

SFlA26 4 7 . 4 6 5  , 4 7 4  SP ACCEL G G E N E R I C  F U N C T I d N  

RES 1 7 A  8 . 9 0 0  . 130 

PREDQMINANT F R E O U E N C I E S  

BOTH MODES: R I G I D  

PREDOMINANT F R E Q U E N C I E S  

BOTH NODES:  R I G I D  

R I G I D  

R I G I D  

GRPMODE L I S T S  GRUUPS I N C L U D E D  I N  R E S 1 7 A  



G R P l  GI3 15,959 .620 SP ACCEI- G I NTERNAL DANAGE 

GI<F'l  8C 21 . 563 . 71 4 SP ACEI-I- G STRUCTURAL F A T  I GUE 

R E S l S A  1 2 . 4 6 6  , 5 4 4  

P R E D O M l  NANT FREQlJENCl  E S  ARE 20-30 HZ 

D A M P I N G  IS 5% 

P R E D O M I N A N T  F R E Q U E N C I E S  ARE 20 -30  H Z .  

D A M P i N G  I S  5% 

GRPMODiT L I S T S  GROUPS I N C L U D E D  I N  R E S l 8 A  
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c b 

i3 R P 2 O A 5. 9.18 . 441 S P  A C C E L  G CONTROL F A I L U R E  

GI; P 2’ 03 5.9.18 ,431 SP ACCEL. G O I L  L E V E L  I iEGIII-ATOR 

G XP :I 0 c 5 . 6 4 6  ,476 SP ACCEI- G ANCHOR B O L T  F A I L U R E  

CiZPZiOD 10.  350 . 279 SP ACCZI- G CRANKSHAFT LOCK UP 

$PIA 2‘G ,931  ,354 SP ACCEL G RELAY C H A T T E R  
P 
W 
W 

c. PIA ;I 9 1 ,960 , 3 6 1  SP ACCEL G F A 1  LED R E L A Y  

SI If \  30 ,73!3  ,397 SP ACCEI- G V A L V E  T R I  P 

51.1.43 1 a .  935 . ~5~16 SP ACCEI- G STRUCTURAL 

f? E.5 2 0.4 .651  ,330 

NOTES - - - - -  

PREDON I I\I/\NT RESPONSE FREQUENC I ES : 

1 S T  PlOLlE 7.0 TU 2 0 . 6  H Z .  
2ND I.IiiDE 9 .  3 TO 1 3 .  8 HZ. 
D I ESEL G c r i E w i u R s .  

PKEDOi.1 I P!,4NT RESPONSE FREOUENC I E S  : 

1 S T  FIO[?E 7.0 TO 20.6 HZ. 
2 N D  I%UE 8. 3 TO 13 .  8 H Z .  
D I ESEIL G E r i z t w i m s .  

PREDOFl I PI./?PlT RESPONSE FREOUEPIC I ES: 1 5  HZ, 
D I CSEL GENERAl’ORS. 

PREPOF11 NAPIT RESPONSE FREOUENCI  ES : 15 H Z .  
n I ESEL GENERATORS.  

FREOUCNCY 30 HZ , 5% D A M P I N G  

FREOUENCY 1 1  HZ , 5% D A I I P I  NG 

FREOUENCY 22 H Z  , 5% D A M P I N G  

RlGID 

GRPMODE I _  I STS GROUPS I NCLUDED I N RES20A 



GRP211 A 2 . 2 0 9  , 4 1 7  ACCEI- 8 F A I L U R E  U F  B A T T E N S  

G R P L I I B  2 0 . 8 0 1  ,275 A C C E L  G CASE BEEhlWGE D U E  T U  A B A D  STAND 

ZMAC12 1 7 . 1 1 6  . 4 0 4  SP ACCEL G AI'ICIibR B B L T S  

.FMA33  5 . 2 5 9  ,385 SP ACCEL G CASE C R A C K I N G  8. P L A T E  F A I L U R E  

RES;! 1 A 2.287 . 4 1 0  

NOTES - - - - -  

PRE0011 I NANT FREQUENCY I S > 2 5  HZ . 
B A T T E R Y  RACKS 

PREOOMI NANT FREQUENCY > 1 5  HZ 
DC PO\.IER B A T T E R  I ES , 

FRECIUENCY 8 HZ , 5% DAMPING 

FREQIJENCY 8 HZ , 5 %  D A M P I N G  

GRPMODE LISTS GROUPS I N C L U D E D  I N  R E S Z l A  
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G R P 2 3 A  4 . 6 6 0  . 503 S P  ACCEL G I NTERNAL. 
ECTR I Cfi I- 

STRIJCTURAL 
C(')NI$!ECT I ClFl 

F A  I LURE,  

G R P 2! 30 9 , 5 2 6  ,680 S P  ACCEL G F A I L U R E  OF SUPPORT FRAME 

G RP 2! 3 C 3 .  T 08 , 351  S P  A C C E L  G RUPTURE UF ANCHUR BOLTS 

S M A 3 7  1 3 . 3 3 0  . 4 o a  SP ACCEL G STRUCTURAL 

R E S 2 3 A  2.780 ,327 

SHORT O F  EL 

N f i T E S  - - - - -  

FRAG I L I TY PARAMETER A T  FLUOR 

TO TRAI~ISFDRFIER I NTERFACE 
PKEncJ iq l  NriFlT FRECIIIEFIC I E S  : 
COOLER U N I T :  7 . 5 ,  7 . 7  HZ.  
I INTERNAL STRUCTURE : 7 . 2 ,  7 . 6  
HV PORCELAIN: 8 . 1 ,  1 0 . 8  HZ.  

PREDOMINANT FREQUENCY FUR A L L  

MODES: > 1 0  HZ.  

PREDOM I NANT FREQUENCY FUR A L L  

MODES: > 1 0  HZ. 

HZ I 

FREQUENCY 5-10 HZ , 5% D A M P I N G  

GRPI'IODE L I S T S  GROUPS I N C L U D E D  IN R E S 2 3 A  

.1 c 
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GRf'2GA 2 .079  .275 ACCEL G I NSTRUMENT F A  I L U R E  

G r: P 2 65 4.933 ,383 ACCEL G WELD F A  I LURE 

SMA41 2 .588 1 . 5 1  0 SP ACCEL G RELAY CHATTER 

SMA43 9 . 5 8 3  , 8 1 8  SP ACCEL G GREAKER T R I P  

SP1443 1 8 .  174 , 8 8 1  SP ACCEL G STRUCTURAL 

RCS Z! 15.1 1 * 151 ,759 

03 

PREDOMl N 9 N T  F R E Q U E N C I E S :  

F1GilC d t l  RIGID 
riont- w I 1 HZ.  
PEi:CENT I 1  FS A::E FACTORS T I M E S  
SSE. I tISTI?I.II'lEPIT RACKS,  

FREQ 5 - 1 0  HZ , 5% DAMPING 

FREO 5-10  HZ , 5 %  D A M P I N G  

FREQ 5 - 1 0  HZ , 5% DAMPING 

FREQ 5 - 1 0  HZ , 5% DAMPING 

GRPMODE L I S T S  GROUPS I N C L U D E D  I N  R E S 2 6 A  



GRP;!?B 16 .  0 2 7  . 407 S P  ACCEI- G COMPONFP!T PiALFUNCT I O N  

GPr'?7C 2 5 ,  'J72 . 223 SP ACCEI- G STRIJCTURAI- Mt7I.INT I NG OF C A B 1  N E T S  

PREDGII  I PIP.NT FREOCEIIICY I S 

> 2 0  FiZ, STKI.IC1'IJRAL F A 1  L.1JRE 
U N L I K E L Y  W !  TI-l FIODERN D E S  I G N  

G I I P 2 7 D  2-1, G55 , 1 5 9  SP A C C E L  G STRUCTURAL MOlJNTI  NG O F  COMPONENTS PI'IEDOFII PIANT FREOl lENCY FOR A L L  

r i o n E s  > i 2  H Z .  
TIdESE IICIDFS O F  F A ! L U R E  A L S O  
APt'LY I O  I31::t.P.I<ER PANELS, 
AIJX I L I AI;Y I:EI-AY P A N E L S ,  

P 
W 

SMAclr l  15.  6/13 . 436 SP ACCEI.. G El-ECTR I C A L  MALFIJI'ICT I ON 

sri,G/16 c J . Y B 3  , 8 1 8  SP A C C E L  G EREP.!<KR T R I P  

FREOVEIICY 5 - 1 0  HZ , 5% D A M P I N G  

FREOUEP!CY 5 - 1 0  H Z  , 5% D A M P I N G  

S P l A  <I7 10.  174  . 8 8 1  S P  ACCEI.. G STRUCTURAL FKEQUFNCY 5 - 1 0  HZ , 5% D A M P I N G  

!tiS;'7A 1 1  ,460 , 4 9 9  G R F M O D t l  L I S T S  GROUPS 1 NCLUDED I N RES27A 

http://Mt7I.INT


1 
CATEGORY : 3 0 .  0 L O C A L  1 NSTRIIMENTS 

F A  I L U R E  MODE - - - - - _ _ _ _ _ _ _  GROUP PIEDIAN B E T A  F R A G .  PARAM.  - - _ - _  - - - - - -  - - - -  _ _ _ _ _ _ _ _ _ - - -  

GRPCIOA 8 . 9 6 2  ,302 S P  A C C E L  G RELAY CHATTER 

GRP3OB 10.623 .257 SP ACCEL G L O O S E N I N G  OF FASTENERS 

G R P ~ O C  10.623 ,257 S P  ACCEI- G B A S E  STRUCTURAL F A T I G U E  

G R P 3 0 D  1 1 .740 .201 S P  ACCEL G S I G N A L  D R I  F T  

hl 
0 
0 

GRP3OE 13. 437 , 223 SP ACCEI- G CONTACT CHATTER 

GRP3OF 16.71 0 ,325 S P  A C C E L  G SET P O I N T  D R I F T  

SMA4B 47. -165 ,474 Z PRD AC G E L E C T R I  C A L  F U N C T I O N  

RES:iOA 7.683 ,203 

H *f  

NOTES - - - - -  

PRED(ii.I I NANT RESPaNSE FREQUENCY 

IS 5 - 35 HZ 
DAIYPL i.lG IS 5 % .  T H I S  A P P L I E S  TO 
A L L  F A  I ILURE MODES, 

PREDO1.1 I NANT RESPONSE FREQUENCY 

I S  5 - 35 H Z  
D A M P I N G  IS 5 2 .  T H I S  A P P L I E S  T 0  
A L L  F A 1  L U R E  MODES. 

PREDOMINANT RESPONSE FREQUENCY 

IS 5 - 35 HZ 
D A M P I N G  IS 5 7 : .  T H I S  A P P L I E S  T U  
A L L  F A I L U R E  MODES. 

PREDOM I NANT FREQlJENC I E S  

MODE tt1 10-15 H Z .  
MODE g1.2 29-30 H Z .  
MODE #3 NOT G I V E N  

FREDOM I NANT FREQUENC I ES 

MODE 4:1 10-15 HZ. 
MODE i t2 29-30 HZ. 
MuDE #3 NOT G I V E N  

PREDOkl I NANT FREQUENC I ES 

MODE % l  10-15 HZ. 
MODE <t-2 29-30 H Z .  
MODE $23 NOT G I V E N  

R I G I D  

GRF'MODE L I S T S  GROUPS I N C L U D E D  I N  R E S 3 0 A  



h G 

NOTES - - - - -  

GRF '314  15 5 3 4  .3G1 SP ACCTI- G CI IATTER O F  CONTACTS .DAMPI PIC I S  5x FOR ALL r m E s  

PREC!OPII PIANT FEEOIJENCY FOR 
A L L  IWDES 15 H Z .  

GRP31 R 20. 801 , 275 SP A C C E L  G STRUCTURAL ANCIHORI FIG OF C A B  I N E T  EASE D A M P I N G  IS 57: FOR A L L  MODES. 

PREDGPI I bIAFIT FREOUENCY FOR 
A L L  MOUFS 3 15 HZ.  

GRP:I 1 f; 24, G155 . 159 SF' ACCEI- G STRUCTIJPAL MOUNT1 NG OF COIIF'ONENT I N CAR1 DAMP I NG IS 5% F O R  A L L  MODES 
riET 

PREDOPI I PIANT FREQUENCY F U R  
ALL PICJ[:IES > i 5  HZ. 

CPIA .!I 9 2 . 5 3 8  1 . 5 1  0 SP A C C E L  G RELAY CHATTER FREOUEI~ICY 5 - 1 0  H Z  , 5% D A M P I N G  

sri,\tlo 9 , 5 8 3  . 8 1 3  SP A C C E L  G BREAI<ER T R I P  

rG 
0 

S P l A 5  1 13. 174 .831 SP A C C E L  G STRUCTURAL 

FREQUENCY 5 -10  HZ , 5% D A M P I N G  

FREOUENCY 5 -  10 HZ , 5% D A M P I N G  

EES31A 14.331 ,291 GRPMODE L I S T S  GROUPS I N C L U D E D  I N  R E S 3 1 A  
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f. 

or: P 2 7 A  7 .  050 , 271 Si'  ACCEI- G CGI?NE'R T E A R 1  FIG 

G I < I-' 2 70 7 .  1 4 2  , 677 S P  ACCEI.. G SUPPORT F A I L U R E  

G I < P 3 7 C  7 . 9 8 0  .30t SP A C C E L  G J O I N T  S E P A R T I O N  

G i i  P:: 7 D 6 .  C 9 3  .302 SP ACCEI- G RUPSIJRE O F  DUCT BETWEEN SUPPORTS 

I c 

PREDGI I  I bIAI\I l  FREQUENCY FCR 

RESPOb!SE 8 . 5  - 1 1  . O  H Z .  

I W A C  DIJCTS. 
DAMPII'iG AT 7% 

PREDOM I FIANT FEEOIJENCY FUR 

RESPONSE 8 . 5  - 1 1 . 0  HZ  

I-IVAC D U C T S .  
D ~ J ~ I P I ~ I G  A T  7% 

PXEDGM 1 NANT FREOUENCY FOR 

RESPONSE 8 . 5  - 1 1 . 0  HZ 
DAt lP  I I lG A T  7% 
HVAC D U C T S .  

P R E D W  ! P!ANT FREQUENCY FOR 

RESPONSE 5 - 10 H Z .  A L L  FiODES 

PREDOP.11 NANT FREQUENCY FOR 

RESI>ONSE 10 HZ. A L L  MODES.  

GRPPiODl: L I S T S  GROIJPS I NCLUDED I N  R E S 3 7 A  



GR P 3 9 A  ,766 , 5 1 7  2 PRD ACCE P O R C E L A I  1'1 FRACTURE 

CRP 3 9 B  ,317 , 4 4 9  Z PRD .ACCE A 8 C I R C U I T  DREAKER F A I L U R E  

GRP 39 C , 9 1 4  . G 1 0  2 PRD ACCE H V TRANSFORMER STRUCTURAL F A 1  LURE 

NOTES - - - - -  

FREOIJENC I E S  : 

I S T  PODE = 1 . 5 - 4 . 0  H Z .  
2 N D  MODE = 4 . 5 - 3 . 0  H Z .  

I N - S I T U  T E S T I N G .  F R A G I L I T Y  

PAR4PlETER A T  C I RCU I T BREAKER 
FOOl  I I IC; .  TI  i E S E  /'%RE SW I TCHSARO 
C I  RCLJI r E R E A K E R S .  
TORS I Cii.1.2L F A  I L U R E .  MODES OF 
V I  B R A T  IO14 : 
1ST 2.6 - 3 . 4  HZ. 
2 N D  7 . 3  - 1 2 . 2  HZ. 
A I R  B L A S T  C I R C U I T  B R E A K E R S .  

FRAG I L I TY PP.RAMETER A T  FLOOR 

TO TRAPIZFORMER I NTERFACE 
PRL-DCIPI 1 IL"..NT I- REOlJENC I ES : 
C c i o l  ER U N I T :  7 . 5  7 . 7  HZ. 
1 N TERrlAL. STRUCTUAE:  7 .  2, 7 .  6 HZ 
HV P O I < C E L A I N :  8 . 1 ,  1 0 . 8  HZ. 
GHPilODE L I S T S  GROUPS I NCLUDED I PI RES39A 
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2,588 1 ,510  SP ACCEI- G RELAY CHATTER 

9 . 5 8 3  .C18 SP fi,CCEI.. c; RELAY T R I P  

18, 17-1 , 801 SP ACCIiI.. G STRUCTURAL. 

9 ,  563 , 81 8 SP ACCFI- G RIIEAKER T R I P  

1 8 . 1 7 4  . C D 1  SP ACCEL G STRUCTURAL 

7 . 6 3 0  . 7 1 0  

NOTES - - - - -  

5 -10  HZ , 5W D A M P I N G  

FRL-IQCJEI\IC'I 5 -10  I-IZ , 5% D A M P I N G  

FRECII.IEt.ICY 5 -10  HZ , 5% D A M P I N G  

FREClLIENC'I 5 -10  HZ , 5% D A M P I N G  

FRE'OUENCY 5-10  HZ , 5% D A M P I N G  

FEEQC!EI.ICY 5-10 HZ , 5% D A M P I N G  

GZPMODE LISTS GROUPS INCLUDED I N  RES41A 
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6.0 DATA BASE DESCRIPTION 

In its current structure, the data base consists of 12 tables. Some of the 
data have been grouped into tables that were structured for convenience in the 
fragility data reduction process. Others were structured to allow convenient 
storage of information. The data base was structured on LLNL's CDC 7600 
computers through the use of the FRAMIS data base management system, and while 
access to the data is most conveniently accomplished through FRAMIS, it can be 
accomplished with the tables in this report as illustrated below. 

6.1 RELATIONAL STRUCTURE 

Each of the 12 tables contain6 not only lists of data, but also entities that 
allow relationships to be constructed between tables. For example, many of 
the tables contain an appropriate category number along with each set of 
data. This allows relationships to be constructed between all of the tables 
that contain category numbers. These relationships can be used to build new 
tables representing compilations or subsets of the other tables. It is also 
possible to relate data from tables that do not contain common entities if an 
intermediate table containing an entity common to both is available. For 
example, the fragilities in table RESULTS* can be related to the expert 
opinions in table OPINION by first relating RESULTS to GRPMODE using entity 
RESNO, then relating GRPMODE to GRPDEF using the entity GRPNO, and finally 
relating GRPDEF to OPINION using the entity OPNO. Applying this procedure to 
RESOlA (the first entry in table RESULTS) shows that three expert opinions 
(and two calculated fragilities) were used in the development of RES01A. The 
loth, 50th, and 90th percentile opinions (along with other information) for 
each can be found in table OPINION using the pertinent value of OPNO. 
Relational operations such as these are quickly and easily accomplished using 
FRAMIS. 

n 

* See Section 6.2 for descriptions and contents of individual tables. 

2 12 



6.2 DATA TABLES 

Computer listings of the data tables that comprise the data base are presented 
in alphabetical order in this section along with explanations of the contents 
of each. The name assigned to each column of data and the data type are 
included in each description since this information is useful when using 

I FRAMIS. 

A. BRANCH 

Table BRANCH contains load scale factors for branch connections of various 
representative pipes (see Table PIPE for other pipe elements). 
10 columns as follows: 

It consists O f  

Contents 2YPS Column No. Column name 

1 

2 

3 

4 

LINE Integer A reference line number. 

SIZER Floating The nominal diameter of the pipe run 
(in.). 

SI ZEB Floating The nominal diameter of the pipe 
branch. (in.) 

SCHED Character The pipe schedule. 

5 MAT Character Material: SS = stainless steel: 
CS = carbon steel. 

6 TEMP Floating Temperature (OF) 

7 FUPR Floating Unreinforced branch: scale factor for 
run. 

8 FUPB Floating Unreinforced branch; scale factor for 
branch. 

9 FRPR Floating Reinforced branch; scale factor for 
run. 

f 

10 FRPB Floating Reinforced branch; scale factor for 
branch. 

213 



BRAI'ICH 

I- I PJIF 

1 
2 
3 
4 
5 
6 
7 

9 
10 
1 1  
12 
13 
1 4 
15 
16 
17 
18 

8 

19 
2 0 
21 
22 
23 
24 0 5  

27 
2'3 
2 9 
30 
31 
32 
33 
34 
35 
SG 
3 7 
3a 
39 

56 

s I Z L l ?  

3 0  
3 0  
3 0  
3 0  
4 0  
4 0  
4 0  
4 0  
4 0  
LI 0 
4 0  
4 0  
G O  
6 0  
6 0  
8 0  
a 0  
8 0  
8 0  

10 0 
10 0 
12 0 
12 0 
1 4  0 
1 1  0 
1 4  0 
1 4  0 
16 0 
18 0 
27 5 
27.  5 
2 7 . 5  
2 9 . 0  
T'Y 0 
3 0 . 0  
3 6 . 0  
4 3 . 0  

4 8 . 0  
c i a .  o 

SI ZER 

0 , 5 0  
0 . 7 5  
2 . 0 0  
3 . 0 0  
0 . 7 5  
1 . 0 0  
2 . 0 0  
3 . 0 0  
4 . 0 0  
4 . 0 0  
4 . 0 0  
4 . 0 0  
3 . 0 0  
4 . 0 0  
6 . 0 0  
2 . 0 0  
4 . 0 0  
8 . 0 0  
8 . 0 0  
8 . 0 0  

10 .00  
8 . 0 0  

12 .00  
12 .00  
14 .00  
1 4 . 0 0  
14 .00  
3 . 0 0  

14 .00  
4 . 0 0  
8 . 0 0  

10 .00  
8 . 0 0  

14 .00  
20 .00  
3 6 . 0 0  

3 0 . 0 0  
4 9 . 0 0  

20 .  oo 

s c 1-1 E I1 

160 
160 
160 
160 
160 
160 
160 
160 
40s 
120 
120 
120 
160 
120 
120 
40s 
40s 
40s 
40s 
405 
40s 

40 
40 
40 

TN- ,375 
40 
60 

R120, B1 GO 
40 

2 .  38. . 438 
2 .38 ;  ,812 
2 . 3 8 ,  1 .  125 
2 .50 ,  ,812 
2 . 5 0 ,  1 .406 
. 5 ,  ,375 

T N .  5 
T I  625 
,625,  . 5  
, 6 2 5 ,  , 5  

M A 1  

SS 
ss 
SS 
ss 
ss 
ss 
ss 
ss 
ss 
cs 
ss 
ss 
CS 
cs 
CS 
SS 
ss 
ss 
ss 
SS 
ss 
SS 
ss 
SS 
cs 
cs 
SS 
cs 
SS 
SS 
SS 
ss 
ss 
S S  
cs 
cs 
cs 
cs 
CS 

TEMP 

3 0 0 .  
3 0 0 .  
3 0 0 .  
3 0 0 .  
3 0 0 ,  
3 0 0 .  
300, 
300. 
5 0 0 .  
140. 
300. 
535. 
100. 
140. 
100. 
5 0 0 .  
500. 
400. 
500. 
400. 
400. 
400. 
400. 
400. 
100. 
100. 
400. 
556. 
400. 
535. 
535. 
535. 
595. 
595. 
100. 
100. 
100. 
100. 
100. 

FUPR F-UI-'B FfiPR FRPB 

9 .  620 4230, no0 
9 .620  254,000 

27 ,000 10.  000 
10.000 10.000 
4 .570  254.000 
4.5!0 135.000 
5.1dO 27.000 
5 .  150 9 , 6 4 0  

21 ,000 21 ,000 
4 .740  4.740 
6 .720 6 .720  
8 .210 8 .210  
1 .220  6 .190  
1 .850  8 .210  
1 .280  1 .280 

72 ,400  2 .050  
5 .200  19.700 
4 .840  4,840 
5 . 2 0 0  5 , 2 0 0  
2 .890  4 .510 
2.890 2 .890 
1 .920 4 ,270  
1 .920 1 ,320 
1 .510  1 ,810 
1 .180 1.160 
1 .020 1 .020 
0 .237 0 . 2 3 7  

9 620 480.000 
9 .620 254,000 
9 . 6 2 0  27 .000  
9 . 6 2 0  9 . 6 2 0  
4 .570  254.000 
4 .570 135 I 000 
4 .570  27.000 
4 ,570  9 . 5 2 0  

10 .630 10 .630 
3 .630  3 . 6 3 0  
5 , 2 7 0  5 .270  
6 .310  6 .310  
1 .000 6 .  190 
1 .270 3 . 6 3 0  
1 ,000  1 .000 
2 . 0 5 0  60.400 
2 .050  10.630 
1 .870  1 .870 
2 .050  2 .050 
1 ,050  1 .870 
1 .050 1 .050 
0 .670  1 .870 
0 .670  0 .670 
0 .515 0 .671  
0 .265  0 .365  
0 .510  0 .310 
0 .  186 0 .  106 
0 .  124 8 .050  
0 I 2 .!I 4 0 .515  

5 .600 0 .021 
0 .021 0 . 8 7 0  
0 .021 0 .438  
0 , 0 1 9  0.910 
0 .019  0 . 2 1 2  
0 .058  0 .  176 

0 . 2 0 3  0 .203 0 .  0.  
0 .  
0 

0 .  124 8 . 0 5 0  
0 .711  1 ,170  
0 .021  6 .320  
0 .021  0 .920  
0 . 0 3 3  0 .438  
0 . 0 2 0  0 .949  
0 . 0 3 0  0 . 2 1 2  
0 . 2 6 i  0,589 
0 . 0 9 6  0 .557  0 .  
0 . 0 9 6  0 .247  0 .  
0 . 0 9 6  0 ,096  0 .  0 
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B. CATEGORY 

Table CATEGORY relates the descriptions of the generic categories of 
components to the numbers used to identify data for these categories. It 
consists of three columns of data as follows: 

Column No. Column name TVpe .m 

1 CATNO Floating 

d 

CAT 

DES 

Integer 

Character 

Con tents 

A floating point number unique to 
this particular description. (Note: 
CATNO is a subgrouping of CAT.) 

An integer number unique to a class 
of gener ic components. 

The description of the generic 
category or specific component 
represented uniquely by CATNO and 
generically by CAT. 

t 
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CATEGURY 

CATNB 

1 . o  
2.0 
2.1 
2 . 2  
2.3 
3 . 0  
4 . 0  
5 . 0  
6.0 
7.0 
8 . 0  
9 0  

1 0 . 0  
1 1  . o  
12.0 
1 3 . 0  
1 4 . 0  
1 5 . 0  
1 6 . 0  
1 7 . 0  
1 8 . 0  
19.0 
2 0 . 0  
21 . o  
2 2 . 0  
2 3 . 0  
2 4 . 0  
2 6 . 0  
2 7 . 0  
2 8 . 0  

" 0 . 0  
31 . O  
33.0 
34. 0 
3 5 . 0  
3 6 . 0  
27.0 
s s .  0 
39.0 
3 9 . 1  
39.2 
39.3 
n o .  0 
41 . O  
4 8 . 0  
A 9 . 0  
5 0 . 0  

29.0 

CAT 

1 
2 

8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 

33 
34 
35 
36 
37 

39 
39 
40 
41 
48 
49 
SO 

DESCR I P T  I ON 

REACTUR CORE ASSFFIBLY 

REACTOR PRESSURE V E S S E L  
REACTBR CBBLANT sys-rm VESSEL-S 

PRESSUR I ZER 
STEAM GENERATUR 
PR I MP,RY COOLANT PI P I  NG 

I N T E R M E D I A T E  PIPIPJO ( 2 1 N .  C D 8 l N . I  
S M A L L  P I  P E S  ( < 2 
LARGE V E R T I C A L  S T  E S S E L S  WITI-I FBKMFD HEADS 
LARGE V E R T I C A L  Sl AbIKS ' : I  I T I i  FLt' I B B T ~ l ~ O M S  
LARGE I-IOR I Z B N T A L  
CMALL.-MEI) I IJM \ / E S S E L S  AND ! i E A  1 EYCI-!AI.IGSRS 
B U R l E D  P I P E  
RE.4C.TOR C001-ANT' PUMP 
LARGE VERT I C A L  ClfNTR I FI IGAL PUi"lP'3 \d i TH l l@TOR DR I VE 
LARGE VERT I C A L  PIJPlI'.; 

LARGE MOi'OR OPERATED V A L V E S  ( > 41 P I .  ) 

LARGE PIPING ( >sir i . )  

MdT!3R 0:: I VEN C.31 I;- '~FSSI'JI?.S APID PlJI'lI'S 

LARGE I:FI..I EF , W D  CI-IECK ',/ALVES ( ' 41 PI I ) 

HOT? I ZONTAl- MO'rORS 
GENERA i 0 R S  
B A T T E R  I ES 
S1J I TCHGEAR 
DRY TRANSFORMERS 

I bJSTRUMENT P A N E L S  AND RACKS 
COi\lTROL. P A N E L S  AND RACKS 

B P EA K E R 
L O  C.A. L I I\IS T I ?  Liil I: PJ T S 

L I GHT F l XTIJRES 
C 6 M M U I \ I  I CAT I (3NS EOlJ I PMENT 

CPGLE TRAYS 
DUCT I NG 
I i Y  DRAUL. I C SNURE.ER.5 
SbJ I TCI-IYARD EOIJ 
GENERAL. S\4 I TCI-I' 
A I R  BLA:?T C I q C I  

SMALL r . i i s c E L L A r i E o u s  VALVES ( <  IN. I 

A I R HANDL I riG uri I TS 

AUX I L I A R Y  r x x f i y  ~ 0 . 3 ,  I\IETS 

MOTIJR C ~ I T I ~ O I -  CENTERS 

I r i v m - r z R s  

PA Pd E L S 

SPENT FUFL R.ACI<S 

a 

Y 
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C. GRPDEF 

Table GRPDEF identifies the data used as input to program FRAGSTAT, which 
resulted in the data contained in Table GRPMODE. It consists of three columns 
as follows: 

2 Column No. Column name ZYE 

1 

2 

Contents 

GRPNO Character An identifying code relating to a 
particular set of failure mode data 
(see Table GRPMODE) . 

EXPLAN Character A worded explanation of the data used 
in the computation of the associated 
GRPNO set of failure mode data. 
Usually a list (by OPNO) of those 
particular sets of expert opinions 
input to FRAGSTAT for one failure 
mode (See Tables GRPMODE and OPINION). 
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GRPNB 

GRPO 1 A 
GRPO 1 B 
GKPO 1 c 
GPI’O 1 D 
GRPO 1 E 
GRP02P 
G R P 0 2 B  
GR I’ 02 C 
C; R 1’0 2 D 
GRPn2E 
G R P O  2 F 
G X P 0 2 G  
G l lP02H 
L>l?l’02 I 
C; I? I> 0 2 J 
G171’02 J 
B R 1’0 2 K 

::$A 
A 

5 A  
6 A  
7 A  
78 

8C 
9 A  
9 A  
0 A 
OB 
oc 
OC 
0 D 
1 A  
2 A  
2 f3 
2C 
3 A  
38 
‘4A 

5 0  
5c: 
50 
5 E  
SF 

2; 

B P N B  

1 
2 
3 

300 
300 

20 
19 
17 
1 1  
12 
27 
24 
14 
13 
26 
28 

300 
35 

300 
300 
300 

75 
76 
77 
78 
79 
83 
84 
85 
87 
86 
89 

300 

92 
93 

300 
94 
95 
99 

100 
300 
300 
300 
300 
3 0 0  
300 
300 
1 “4 
123 
l : ?  
121 
125 
300 
300 

m o  

GRPDEF 

E X P L A N  

U P N B  1 ALONE 
0 P N B  2 ALONE 
0PNO 3 ALONE 

BPNU 14 4LUNE 
OPNB 13 ALONE 
6PNO 26 AI4D 28 A S  1 ND1 
nPPlO 26 AND 28 A S  I l ‘ lDI s r w o  60 ALONE 

MASER PI r I Fir; CURVE 

FlAb I E R  P I  P I  NG CURVE 
MAS1 ER P I P I  NG CURVE 

MASTER P I P I  NG CURVE 
OPI‘IU 75 A l ( 3 N E  
OPNO 75 ACI~NE 
oprio 77 

opriu 79 
OPNO 78 

O F ! V l  83 
BPNU 83 
BPNO 85 

ALONE 
ALONE 
ALONE 
AND 84 

AILONE 
A r.1 D 8 4 

A S  I NO 
A S  I N D  

wrio 87 ALCINE 
OPIW 06 ANI3 E 9  A S  I N D  
OPi‘10 56 ANI) 89 A S  I IJD - 
srir\,bio i o  ALONE 
MA.51 ER P I  P I  FIG CURVE 
O l ~ P l O  92 AL13NE 
OPNO 93 ALOPIE 
511,\1\10 14  AL(3NE 
OPl , ld  94 ALONE 
OPNO 95 ALOI.IE 
OPNO 99 ALUI‘IE 
OPI‘IO 100 ALONE 
S l l \ N O  18 ALONE 
SMi?!i\13 19 ALONE 

SMPIKJ  2 1 ALONE 
SMPPIO 20 ALOPJE 

22 A l - O N E  

V I  DUAL 
v I DUAL 

V I  I3IJP.L 
V I  D U A L  

V I  DUAL 
V !  DlJAL 

5‘ 

‘i 

P 
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GRPNB 

GRP 1 6 G  
GRI’ 1 6H 
GRP 1 7 C  
GRP 1 7 0  
GRP 1 8 A  
GRP 1 8 A  
GRP 1 BB 
GRI’ 188 
GRP 18B 
GRP 188 
GRP 18C 
GRP 1 8 C  
Gr?P 1 8 C  
GRP 1 a C  
GRP 1 9 A  
GRI’ 1 9B 
GRP2OA 
C R P 2 0 A  
G R P 2 0 B  
G R P 2 0 B  
G R P 2 0 C  
G R P 2 I I D  
GRP2r)F  
GR 1’2 0 F 
G R P 2 0 G  
G R P 2 0 14 
G R P 2  1 A 
G R P 2  I B 
G R P 2  1 C 
G R P 2 2 A  
G R P 2 2 A  
G R P 2 2 A  
GR l3 2 3 A  
G R P 2 3 B  
GRT-2338 
G R P 2 3 C  
GR1’24A 
G R F 2 4 B  
G R P 2 4 C  
GR1’2 D 
G R P 2 6 A  
G R P 2 E B  
G R P 2 6 C  
G R P 2 6 D  
GR 1’2 6 E  
G R P 2 7 B  
GRP27D 
G P 1’2 7 C 
G l i F 2 7 0  
G R P 2 7 F  
GRPZOA 
G,? 1’ 3 116 

c ”” 3 0 D 
G e P 3 0 E  

r,iw 7 oc 

B P N B  

1 2 9  
1 3 0  
1 3 1  
1 3 2  
1 3 3  
1 3 4  
135 
1 3 6  
1 3 7  
138 
1 3 9  
140 
1 4 1  
147 
148 
1 4 9  
150 
1 5 1  
155 
153 
1 5 4  
300 
300 
300 
300 
I 5 6  
159 
300 
1 6 1  
165 
1 7 1  
1 7 4  
1 7 7  
225 
1 7 6  
1 7 9  
300 
300 
300 
1 8 0  
181 
300 
300 
700 
185 
186 
187 
1 0 8  
300 
109 
I 9 0  
191 
192 
193 

128 

E X P L A N  

oprio 1 2 8  ALONE 
e m o  129 ALONE 

opriu 1 3 1  ALONE 

OPFlB 1 3 2  AND 1 3 3  AS elriE SI.I?.CROUP 

OPNO 1 3 4  AND 135  AS O N E  SCIP.GRP A ~ X I  136  AND 1 3 7  AS I w I v  

oprm 139 AND 1 4 0  P,S ONE SUFKRP ;JiLin 1 3 8  .vm I 4 1  AS I NDI v 

OPNO 1 3 0  ALONE 

BPIW 132 AND 1 3 3  A S  ONE SlJBGRBUP 

OPNO 1 3 4  AND 1 3 5  A S  ONE SUt3GRP AND 136 AND 1 3 7  A S  1 N D I V  
OPNO 1 3 4  AND 1 3 5  A S  ONE SUBGFP AND 136 4f‘ID 1 3 7  .AS I N D I V  

8 P N O  1 3 4  AND 1 3 5  AS ONE SUBGRP AND 116 AND 137 A S  I i l L J l V  
OPNO 1 3 9  AND 1 4 0  ,A.S ONE SU3C;;?P ANr) i 3 3  A N 3  1 4 1  .AS 1;>!01? 

OPNB 1 3 9  AND 1 4 0  AS ONE SIIP.CEP AFID 1 ::!8 Ab\!> 1 I1 i 8  i .ID I V 
B P N B  1 3 9  AND 1 3 0  A S  ONE SUBGRP AiqD i 3 8  A N 0  ; 4 1  A S  11~1olv 
OF’PIO 1 4 7  ALONE 
OPPlO 148 ALONE 
OPNB 1 4 9  AND 1 5 0  A S  ONE Sl.lEGROUP 

BPPlO 1 5 1  AND 1 5 5  AS ONE S U S f X O U P  
OPI\IO 1 5 1  AND 1 5 5  A S  ONE SUEGKOUP 
OPI\IO 153 ALONE 

~ P N O  1 4 9  AND 150 AS ONE .~W,TWP 

BPN9 154 ALONE 

S M A I W  29 ALONE 
sriAiw 28 ALONE 

3 1  ALONE 
56 ALONE 
59 ALONE 
32 ALONE 
61,  1 6 5 ,  AND 1 7 1  A S  0PlE SlJDCPOUP 

6 1 ,  1 6 5 ,  A N 0  1 7 1  A S  O N E  SIJ?C;POUP 
78 ALONE 
1 7  AND 225 A S  I ND I V I DUAL SIJBGRSUPS 
/ 7  AND 225 AS I N O l V l D U O L  SJPL,Z?UPS 
76 ALONE 
79 ALONE 
38 ALONE 
39 ALONE 
40  ALONE 

OPI.10 1 8 0  ALONE 
OPl‘lB 1 8 1  ALONE 
SMANO 4 1  ALONE 
SIIAI+3 4 2  ALONE 

OPPIB 1 8 5  AND 1 8 6  AS I P l D l V l D U A L  SIJPr-Rr3UFS 
OPI.10 185 AND 196 A S  I N O  I V I  DUAL ?I](?‘ I ’  JUPS 

6 1 , 1 6 5 ,  AND 1 7  1 A S  ONE SIJv:l’EOUP 

sriqtm 43 ALONE 

OPNO 187  ALONE 
o r w  1 3 8  ALONE 
SMAI‘IO 56 ALONE 
01’110 189 ALONE 
OPi18 190 ALONE 
OPtIO 191 ,?LONE 

OPi\IO 193 ALONE 
OPjIO 132 ALONE 
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GRPNO 

G R P 3 0 F  
GRP3 1 A 
GRP3 1 B 
G R P 3  1 C 
G R P 3 3 A  
G R P 3 6 A  
G R P 3 6 B  
G R P 3 6 C  
G R P 3 7 A  
G R I’ 3 78 
G R P 3 7 B  
G R P 3 7 B  
G R P 3 7 C  
G R P 3 7 C 
G R P 3 7 D  
G R P 3 7 E  
G R 1’3 9 A 
G R 1’3 3 B  

Gi?1’39C 
G C l 3  ? 9 C 
G R 1’3 9 C 
GRP4OA 
G R I’ 4 0 A 
G R P 4 0 B  
GR1’4 1 A 
GRP4 19 
G R P 4 8 A  
GI? I’ 4 3 A  
G R P 4 9 A  
GHP50A 

G 02 I’ 3 9 U 

OPNO 

1 9 4  
1 9 8  
1 9 9  
200 
20 1 
206 
207 
300 
208 
209 
2 1  1 
2 1  4 
2 1 0  
2 1  3 
2 1  2 
2 1  5 
167 
22 1 
222 
173 
174 
1 7 5  
1 8 2  
1 8 3  
300 
300 
300 
223 
226 
227 
2 2 4  

E X P L A N  

UPNO 1 9 4  ALUNE 
OPNB 1 9 8  A L B N E  
BPNO 199 ALONE 
BPNO 200 A L B N E  
OPNO 2 0 1  ALUNE 
BPNO 206 A L B N E  
OPNB 207 A L B N E  
SMANU 53 ALUNE 
BPNO 208 ALUNE 
OPNO 209, 2 1  1 AND 2 1 4  A S  
OPNO 209, 2 1 1  AND 2 1 4  A S  
OPNB 209 21 1 AND 21 4 A S  
OPNU 2 i O ’ ~ i ~  2 1 3 - ~ S  I N D T V  
OPNO 2 1 0  AND 2 1 3  A S  I N D l V  
OPNO 2 1  2 AI-BIJE 
OPNU 2 1  5 PILBNE 

A L ~ N E  
AND 222 A S  I N D I V I  
AND 222 A S  I N D I V I  

1 7 4 .  A N D  175 A S  
1 7 4 :  AN6 1 7 5  A S  
1 7 4 ;  AND 175 A S  

183 AND S M A 4 5  A S  
183  AND S M P . L I ~  as 
ALONE 
ALONE 
ALONE 

bin I v 
N D I V  
i\lD I V 
DUAL 
DUAL 

D U A L  SlJBGRUlJPS 
D U A L  .q I.J@G R b  U P S  
DUAI- SU3GRUUPS 
S UBG I; 0 U P S  
SUDGReUPS 

BPNO i 6 7  
O P f W  221 
OPFlCJ 2 2 1  
OPPIO 1 7 3 ,  
OPNB 1 7 3 ,  
oprio 1 7 3 ,  
OPNO 1 8 2 ,  
OPNO 182, 
SMAFlO 55 
SMAbIO 57 
SMANU 58 
OPr‘lB 223 ALONE 
OPNO 226 AND 227 A S  I N D I V I D U A L  SIJBGROUPS 
BPNO 226 AND 227 A S  I N D l V l D U P L  SIJDGRGUPS 
BPNO 224 ALONE 

DUAL SUCGROIJPS 
DUAL SIJ3C:kuI IPS 

I ND I V I  D l  I A L  
I FID 1‘1 I DUAL .: IJRGEOUi7.$ 

I ‘I?G”nlJPS 
I ND I V I  DUAL 
I ND I V I D U A L  
I ND I V I DUAL 

SI ‘PGaROLlPS 
$ 1  IPGPOIJPS 
SI > J C X B U P S  

n 
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D. GRPFAIL 

Table GRPFAIL lists the predominant failure mode for the various groupings of 
data that are presented in Table GRPMODE. 
follows : 

It consists of two Columns as 

s Column No. Column name 

c 

Con tents 

1 GRPNO Character An identifying code unique to this 
particular set of data and relatable 
to other tables. 

2 MODE Character A description of the predominant 
failure mode for this particular set 
of data. 

F 

2 2 1  



GRPNO 

GRPO 1 A 
GRPO 1 B 
G R P O l  C 
GRPO 1 D 
GRPO 1 E 
GRPOPA 
GRFOSB 

G R l3 0 2 G  
G R P 0 2 H  
G R P 0 2  I 
G R P 0 2 J  
G R P 0 2 K  
G R P 0 3 A  
G R 1’0 38 
G R P 0 7 A  
G R P 0 7 B  

GRPO9A 
GRP 1 OA 
GRP 1 OB 
GRP 1 OC 
GRP 1 OD 
GRP 1 2 A  
GRP 1 2B 
GRP 1 2 C  
6 R P l  3 A  
GKP 1 30 
Gli l ’  1 4 A  
GRl’l ‘:a 
GKI’ 1 5 A  
GRF 1 5B 
GRP 1 5 C  
GRP 1 5 D  
GRl’15E 
GRP 1 5F 
GRP 1 5 G  
G R P l  BA 
G R P l  68 
GRP 1 GC 
GRl’l 13D 
G?l= I 6 E  
GRP 1 GF 
GRI’ 1 6 G  
C Z P l  BI i  

G i S P 1  7 D  
GRI’ 1 7 E  
GI?Pl BA 
GRP 180 

a y 1 7 c  

GRPFA I L 

MUDE 

B I ND I NG O F  CONTROI.. RODS DUE TO S E I  S M I  C A L L  
DEFORMATION O F  G U I D E  TUBES DUE TO S E I S M I C  
F A I L U R E  OF CBRF SlJPPflRT STRUCTIJRE DlJE TO 
D E F U R . - O F  G U I D E  7 6 B E s  / G U I D E  P L A T E  WELD 
CONTROL RUD H U U S I N G  DEFORMATION 
B U C K L I N G  UF S K I R T  
F A I L U R E  OF S K I R T  ANCHOR B O L T S  
S T R E S S  I N T E N S I T Y  A T  V E S S E L  SUPPORT 
F A I L U R E  OF S K I R T  ANCHOR B O L T S  
B U C K L I N G  O F  S K I R T  
RUPTURE A T  PRIMARY I N L E T  OR U U T L E T  N O Z Z L E  
N O Z Z L E  F A I L U R E  
F A  I L I  IRE OF STEAM GENERATOR L E G  I MBEDFIENT 
F A I L U R E  OF CONNECTION BETWEEN SUPPORT L E G  
T U B I N G  F A I L U R E  

.Y I NDUCED DEFURMAT I BNS 
: I M P A C T  O F  F U L L  B U N D L E  
I N E R T I A  L O A D  CIF F U E L  

, RUPTURE A T  FEEDWATER N O Z Z L E  

I N Cf?PITA I NMEIJT FLOOR 
A N 0  STEAM GENERATOR BODY 

PRESSURE BOUNDARY F A  1 L U R E  
RUPTURE A T  CONNECT I L ~ N S  TU COMPONENTS DUE T(3 CUI1I’~I’lENT SUPPORT F A  I L U R E  
RlJPTURE A T  CONFIECTICJPIS TU COPIPOI\IEi\ITS DIIE TU P I 1 - I .  pLl\/Er“5TXESS 
RUPTURE UF ANCI-IOR E U L T S  
BIJCKLING OF SUPPORT SKIRT OR LEGS 
R U P l  URE OF ANCHOR B O L T S  
B U C K L I N G  OF TANK \ . \ALL 
TENS1 L E  RUPTURE OF TANK WPLL 
SUPPORT SYSTEM F A I L U R E  ( B O L T S )  
RUPTURE UF ANCHOR D O L T S  
STRUCTURAL F A I L U R E  
SUPPORT F A  I L U R E  
SUPPORT FAILURE 
F A I L U R E  UF CONNECTION TO SUPPORT L E G S  
BUCKLIPIG OF SUPPORT L E G  
B U C K L  I NG AND FRACTURE 
RUPTURE OF CBNNECTIONS TO SUPPORT S T R U T S  
TENS I LE F A  I L U R E  OF SlJPPORT S T R U T S  
RUPTURE OF ANCHOR B O L T S  DUE TO LARGE MOMEN 

FLAI‘ICIE BEND i NG 
S H A F T  BFIlJD I NG 
THRUST BEAR I NG F A  I LURE 
S H A F T  D E F L E C T I O N  
GENCR I C FlII’lCT I ON 
I M P E L L E R  D E F L E C T I O N  
llClUPlT I I‘lG B O L T  F A  I L U R E  
GREAKS A T  WELD ENDS 
RUPTIJRE OF P I P E  SUPPORT A T  N U Z Z L E  
LOSS OF CONTROL A I R  
E L E C T R  I C 4 L  F A  I L U R E  1 N ACTUATOR 
dl’L‘X,ATTOk DISTORTiON 
B I L hILSEI?\/O I R ‘Hal-D DOWN BCJLTS 

R u P i  IJRE OF VERT I CAL I NTAKE CoLuriN 
T S  FROM V E R T  1 C A L  I N T  4K E 

L E AX. ,? G E 
I N T E R N A L  DAMAGE 

COL UMN 

n 
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.b 

GRPNB MUDE 
GRP 1 8 C  
GRP 1 9 A  
GRP 1 98 
GRP2OA 
G R P 2 0 B  
G R P 2 0 C  
G R P 2 0 D  
G R P 2 0 E  
G R P 2 0 F  
G R P 2 0 G  
G R P 2 0 H  
G R P 2  1 A 
G R P 2  1 B 
G R P 2  1 C 
GR 1’22A 
G R P 2 3 A  
G R P 2 3 B  
G R P 2 3 C  
G R P 2 4 A  

G R P 2 4 C  
GI? P2 4 D 
G R P 2 6 A  
G R 1’ 2 68 
G E P 2 6 C  
G R P2 6 D 
G R P 2 6 E  
G R P 2 7 B  
G R P 2 7 C  
G R P 2 7 D  
G R P 2 7 F  
G I I P 3  OA 
G R P 3 0 B  
G R P 3 0 C  
G R P 3 0 D  
G R 1’3 0 E 
G R 1’3 0 F 
GR1’3 1 A 
G R P 3  1 B 
GIi‘P3 1 C 
G R P 3 3 A  
G R P 3 6 A  
G R I’ 3 6B 
G R P 3 6 C  
GI? P3 7 A  
G R P 3 7 B  
G R P 3 7 C  
G H P 3 7 D  
G I I P 3  7 E  
Gl? 133 YA 
GI?? 3 98 
G Z F ”  9 C  
SI7P 4 OA 
C :: P 4 00 
G R P 3  1 A 

G R P 2 ..IB 

R E L A Y  CHATTER 
R E L A Y  T R I P  
B R E A K E R  T R I P  

AY 
E L E C T R  I 

\B I NET 

C A L  
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MODE GRPNB 

GRP4 1 6  
G R P 4 8 A  
G R P 4 9 A  
GRPSOA 
SMAO 1 
S M A 0 2  
S M A 0 3  
S M A 0 4  
SMAO5 
SMAOG 
S M A 0 7  
S M A 0 8  
SMAO9 
S M A l  0 
S M A l  1 
SMA 12 
S M A l 3  
S M A l 4  
S M A l 5  
S M A l 6  
S M A l 7  
SMA 18 
S M A l 9  
S l l r120 
SMAE 1 
S M A 2 2  
S M A 2 3  
S M A 2 4  
S l l A 2 5  
S M A 2 6  
S M A 2 7  
SMP.28 
S M A 2 9  
S M A 3 0  
SMi13 1 
SMP 32 
!?MA 3 3 
SM A 3 4 
S M A 3 5  
S11/\36 
S i l A 3 7  
S11A38 
S M A 3 9  
Si1 A 4 0 
SMA4 1 
SMA.12 
Sf lA  4 3 

STRUCTURAL FAILURE 
p 1 PE DEFURMAT I ON 
FRACTlJRE UF P B R C E L A I N  I N S U L A T I O N  
D E S T R U C T I O N  UF SHEAR CUNlr lECTlON BETWEEN MODULES 
DEFOR.  O F  G U I D E  TIJBES / G U I D E  P L A T E  WELD 
CUNTRUL RUD H U U S I N G  DEFURMATIUN 
FRACTURE UF RPV OUTPUT b lBZZLE S A F E  END 
SUPPORT CULUMN F A I L U R E  
SUPPURT S K I R T  B O L T I N G  
SUPPORT S K I R T  C U L L A P S E  
P L A S T I C  B l J C K L I N G  UF S H E L L  
B U C K L I N G  OF TANK WALLS AT B A S E  
B E N D I N G  BF V E R T I C A L  S T I F F N E R  
SUPPURT F A I L U R E  
SUPPORT L E G  F A  I L U R E  
B U C K L I N G  AND FRACTURE 
B U C K L  I NG AND FRACTURE 
SUPPORT CULUMN B O L T I N G  
B E N D I N G  U F  PUMP C A S I N G  
I MPELI-ER D E F L E C T  I ON 
MUUNT I I'JG R U L T  F A  I L U R E  
FLANGE BEND I NG 
S H A F T  BEND I NG 
THRUST BEAR I NG F A  I L U R E  
S H A F T  D E F L E C T I O N  
GENER I C F U N C T I O N  
D I S T O I I T I O N  UF EXTENDED UPERATBR STRUCTURE 
UII- RESERVOIR HOLD DUWN B O L T S  
GENER I C IFUNCT I U N  
GENER I C FUNCT 1 U N  
GENER I C FlJNCT I ON 
RELAY CHATTER 
F A I L E D  RELAY 
V A L V E  T R I P  
STRUCTURAL 
ANCI-lr?R B O L T S  
CASE CRACKING 8. P L A T E  F A I L U R E  
RELAY CHATTER 
BREAK.ER TR I P 
S T R 11 C T U R A L  
STRUCTIJRAL 
RUBBiPlG U F  F A N  B N  H U U S I N G  
RUBBIPIG OF MOTOR ROTOR U N  HUIJSING 
GENER I C FUNCT I 6 N  
RELAY CHATTER 
BREAKER TR I P 
STRUCTURAL 
El-ECTR I C A L  MALFUNCT I UN 
RELGiY CHATTER 
E P E A K E I I  TR 1 P 
5 TI?IJC TURAL 
El-ECTR I C A L  FUNCT I U N  
R F l..A\,' c IiU T 'r E R 
SREAKER TR I P 
S TKUCTURAL 

n 
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GRPNB MODE 

SMA52 RELAY T R I P  
S M A 5 3  C A B L E  SUPPURT SYSTEM 
SMA54 RELAY CHATTER 

S M A 5 9  
SMABO 
SMAG 1 

S M A 6 3  FRACTURE UF I N S U L A T U R S  
SMAG2 BRSAKER TR I P 

t 

c 
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E. GRPMODE 

Table GRPMODE relates the grouping of data which brought about the resulting 
fragility data presented in Table RESULTS. Each row of data in the table 
contains the fragility data for a single failure mode, usually resulting from 
computations by program FRAGSTAT. It consists of seven columns as follows: 

Column No. Column name 

1 GRPNO 

2 

6 

7 

RESNO 

NMEAN 

NSIGMA 

LNMEAN 

LNSIGMA 

PARAM 

TyPe 

Character 

Character 

Floating 

Floating 

Floating 

Floating 

Character 

Contents 

An identifying code unique to this 
particular set of data for a 
particular failure mode. 

An identifying code relating this set 
of data to the final resulting 
fragility data (see Table RESULTS).  

The statistical mean of the data 
assuming normal distribution. 

The standard deviation of the data 
assuming normal distribution. 

The statistical mean of the natural 
logs of the data (i.e., assuming 
lognormal distribution). 

The standard deviations of the 
natural logs of the data (i.e., 
assuming lognormal distributions). 

The fragility parameter. 
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c * 

N 
N 
4 

GRPblO 

GRPO 1 A 
GRI’O I B 
GRI’O 1 C 
8 I: I’ 0 2 A  
G R I> 0 20 
GI: PO 2 C 
GR I’ 0 2 0 
GRl’ 0 ?I’ 
GI? I> 0 ZF 
GI< I’ 0 2G 
Gl:I-’021~ 
GR1’021 
G R P 0 2  J 
Gi71’03A 
GI? I’ 0 4 A 
0 I < I> I> 5.4 
Q K I’ 0 6 A  

RESNU 

RESO 1 A 
RESO I A 
RES0 1 A 
RES02A 
KES02A 
RES02A 
RESO%B 
RES 0 25 
RESO2C 
RES02D 
RES02E 
RES02E 
RES02E 
RES03A 
RES04A 
I7ES05A 
RkS06A 
r< E S 0 7 A 
RES07A 
RESOBA 
RESO3A 
RES08A 
R IES0 9A 
RES 1 OA 
RES 1 0A 
RES 1 OA 
RES1 1 A  
RES 1 2A 
RES 1 2A 
RES 13A 
RES 1 3A 
RES1 4A 

RES 1 6A 
RES 1 6A 
RES 16B 
RES 1 6A 
RES 1 6A 
RES 1 6A 
RES 1 7A 
RES 1 7A 

RES 1 4A 

RES 18A 
R E S  1 8A 

RES 1 9A 
f: ES 2 CA 
RES20A 
IF1 F S ? 0.4 
I? E S  2 0 A  
RES2 1 A 
RES2 1 A 
RES22A 
K E S 2 3 A  
F< E S 2 3 A 

rws 1 9~ 

NMEAN 

5 . 0 0 0  
7 I 3 3 3  
9 . 3 3 3  
4 . 3 3 3  
5 .  C 6 7  
6 . 8 3 3  
3 . 3 3 3  
5 . 6 6 7  
1 . 9 3 3  
5 . 0 0 0  
4 . 0 0 0  
3 . 0 0 0  
8 . 6 7 0  

220,000 
220.000 
220,000 
220.000 

1 . 3 3 0  
2 , 8 3 3  
2 .  167 
3 . 0 3 3  
5 . 5 8 3  
4 . 3 7 0  
2 .  167 

13.6G7 
2 . 8 0 0  

220.000 
3 . 8 3 3  
6 . 3 3 3  
3 . 0 0 0  
5 . 0 0 0  
2 . 5 0 0  
5 . 0 0 0  

18.000 
1 1  . olio 
8 .000 

1 1  , 7 5 0  
12.000 
7 .  330 
9 .000 

12 .750 
10.367 
19 .042 
27.417 
13 .333 
21 .667 

6 . 4 7 6  
6 . 4 7 6  
6 .  333 

10. 800 
2 . 5 0 0  

21 , 6 6 7  
2 .  61 1 
5 .  167 

10 .822 

G RPMU D E 

NS I GMA 

3 . 9 7 1  
6 . 2 1 6  
8 .  501 
1 .241 
1 . 7 6 3  
2 .378 
1 .241 
1 . 7 6 3  
0 . 4 2 3  
1 . 5 6 2  
0 .  781 
0.781 
3 . 5 4 0  

89 .  140 
89.  140 
39: 140 
8 9 . 1 4 0  

0 . 8 8 1  
1 .706 
0 . 6 2 0  
1 .  181 
1 .807 
2 .635 
0 . 6 2 0  
4 . 7 5 8  
1 .116 

89.140 
1 . 7 0 6  
2 . 8 5 6  
0 .781 
0 . 7 8 1  
1 . 1 5 3  
2 . 3 0 5  
4 ,6 t>8  
2 . 9 3 6  
2 . 3 4 4  
4 . 3 9 6  
5 . 9 9 0  
1 . 9 9 0  
1 . 1 7 2  
1 . 7 3 0  
3 . 3 2 2  

1 4 . 8 7 4  
2 8 .  C36 

4.964 
6 . 2 0 5  
2.659 
2 . 6 5 9  
2 . 7 6 5  
3 . 1 2 6  
1 . 1 5 3  
6 . 2 0 5  
1 . 2 3 7  
2 . 2 6 9  
6 . 7 2 8  

L NME A N  

1 , 3 6 5  
1 . 7 3 1  
1 .go1 
1 . 4 2 6  
1 .C92 
1 . 8 6 6  
1 .  134 
1 . 6 9 2  
0 . 6 3 7  
1 . 5 5 1  
1 . 3 6 0  
1 . 0 6 0  
2 . 1 0 0  
5 . 3 1 0  
5 . 3 1 0  
5 . 3 1 0  
5 . 3 1 0  
0 . 5 0 1  
0 . 9 0 3  
0 . 7 3 2  
1 .  180 
1 . 6 7 0  
1 . 3 6 4  
0 . 7 3 2  

0 . 9 5 5  
5 . 3 1 0  
1 . 2 6 9  
1 .766 
1 .  os9 
1 . 5 9 6  
0 . 8 2 8  
1 . 5 2 1  
2 . 8 5 1  
2 .363 
2 . 0 2 9  
2 . 4 1 5  
2 . 3 6 0  
1 . 9 5 0  
2 .  188 
2 , 5 3 8  
2 . 3 0 3  
2 . 7 7 0  
3 . 0 7 1  
2 . 5 2 0  
3 . 0 3 5  
1 . 7 8 3  
1 . 7 3 3  
1 . 7 3 1  
2 .  33.7 
0 . 8 2 8  
3 . 0 3 5  
0 . 8 4 6  
1 . 5 3 9  
2 .  254 

2.5.17 

LNS I GMA 

0 .  708 
0 . 7 5 7  
0 . 8 2 3  
0 . 2 7 5  
0 . 2 3 9  
0 . 3 2 5  
0 .  361 
0 . 2 8 9  
0.208 
0 . 3 3 9  
0 . 2 0 1  
0 .  275 
0 . 4 2 2  
0 , 4 0 6  
0 . 4 0 6  
0 . 4 0 6  
0 . 4 0 6  
0 , 4 4 5  
0 . 5 3 6  
0 .  275 
0 .  319 
0 .  305 
0 . 6 0 9  
0 . 2 7 5  
0 . 3 5 9  
0 . 4 5 2  
0 . 4 0 6  
0 . 4 0 1  
0 . 4 0 6  
0 . 2 7 9  
0 .  159 
0 . 4 1 7  
0 . 4 1 7  
0 .  275 
0 .  257 
0 . 3 1 4  

0 . 4 7 6  
0 , 2 7 1  
0 .  132 
0 .  130 
0 , 3 2 9  
0 . 6 2 0  
0 . 7 1 4  
0 . 3 6 0  
0 ,  275 
0 . 4 1 1  
0 .  441 
0 476 
0 . 2 7 0  
0 . 4 1 7  
0 . 2 / 5  
0 . 4 d 6  
0 . 5 0 3  
0 . 6 8 0  

0 , 3 5 8  

PARAM 

SP ACCEIL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP MOMENTS 
FORCES 
SP ACCEL G 
SP ACCEI- G 
SP ACCEI- G 
MOM FT-KIP 
MOM F T - K I P  
M311 MdM FT-KIP FT-KIP 

SP ACCEL G 
SP ACCEL G 
SP ACCEI- G 
SP ACCEL G 
SP ACCEL G 
FLGRR A C  G 
ACCEL G 
ACCEL G 
ACCEL G 
MOM FT-KIP 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEI- G 
PK ACCEL G 
PI< ACCEI- G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACELI- G 
ACCEL G 
ACCEL G I 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
A C C E L  G 
ACCEL G 
SP ACCEI- G 
SP ACCEI- G 
SP ACCEL G 



N 
tu 
02 

RES30A 
li‘ES30A 
R E S  3 0 A 
KES30A 
R E S 3  1 A 

RES3 1 A 
RES33A 
R I 3  3 6A 
RES36A 
R E S 3 7 A  
RES37A 
RES37A 
RES37A 
RES37A 
RES39A 
R E s 3 9A 
RES39A 
RES4OA 
R E.S 4 C A 
R E S 4 9 A  
R E S 5 0 A 
R E S O  1 A 
R E S O  1 A 
R l t  S 02 E 
RES 1 OA 
RES 1 2A 
RES 1 58 
I<ES 155 
RES 15A 
RES 15A 

RES 15A 
RES 1 5 A  
R E S  1 6A 
RlIS 16A 
RES 1 7A 
RES20A 
H E S 2 0 A  
RES2OA 
R E S 2 0 A  
RES2 1 A 
KES24A 
R E S 2 1 A  

 RES^ 1 A 

r iEs  1 SA 

R E S 2 4 A  
f i E S 2 6 A  

I‘JMEAN 

3 . 3 3 3  
6 .  667 
2. 167 
5 . 3 3 3  

18 .  183 
26 ,667  
2 5 , 0 0 0  

9 .333  
1 1 , 0 0 0  
1 1 ,000 
12 .000 
13.8UO 
17.600 
16.667 
21.667 
25.000 

9 .400  
3 .330  
6 .333 
7 .333  
8 .375 
9 .333 
7 .000  

10 .000 
0 .883  
0 .347  
1 .090  
8 .581 
8 .333  
0 .395  
0 .  310 
2 .750  
6 . 0 0 0  
3 .300  
7 . 9 5 0  
3 . 3 0 0  
3 . 2 0 0  

1 1 .700 
4 .660 
7 . 1 9 0  
8 .220 

39 .600  
32 .500  

7 .  560 
7 . 3 0 0  

47 .500 
0 .931  
1 , 9 6 0  
0 .735  
8 . 9 1 0  

17.  100 
2 . 7 4 0  
2 . 9 3 0  

1 i. 960 
2 . 5 9 0  

NS I GMA 

1.241 
2 .  4C2 
0 .620 
1.995 
7 .203  
6 .205  
3 .906  
2 .482  
2 .996  
2 .996  
2 .344  
3 .  134 
5 .  180 
6 .205 
6 .205 
3.906 
1.938 
1 .241 
2.857 
1.995 
4.947 
5 .269  
2 .305 
3 .906 
0 .460 
0 .  180 
0.711 
8.481 
1 .241 
0 . 2 8 2  
0 .142 
0 .808 
1.650 
1.780 
3 .320  
1 .110 
0 .879 
3 .790 
1 .500 
1 .600 
2 .  150 
9 .970 

10.330 
3 .320 
2 .060 

16 .900 
0 .265  
0 .566 
0 .229 
3 . 5 0 0  
6 .  180 
0 .875 
0 . 9 4 6  
3 . 8 9 0  
1.730 

L NM E A  N 

1 .  134 
1 ,  827 
0 .732 
1 .  596 
2 .  823 
3 .257  
3 .205  
2 .  193 
2 .  363 
2 .363  
2 .463  
2 .598  
2 .816  
2 .743  
3 .035  
3 .205  
2 .219 
1 .  134 
1 .766 
1 .953 
1,966 
2 . 0 7 7  
1 .901 
2 .207  

-0 .266  
- 1 .  150 
-0 .090  

1 .735  
2 .109  

-1 .102 
- 1  .288 

1 .010 
1.79C 
1 ,190  
2 .070  
1 ,190  
1 .160  
2 .460  
1 .540  
1 .970 
2 .110  
3 . 6 8 0  
3 .480 

1 .990  
3 . 8 6 0  

-0 .071  
0 . 6 7 3  

- 0 . 3 0 8  
2 .190  
2 .840  
1 .010  
1 080 
2 .  470 
0 . 9 5 1  

2 .  niio 

L N S  I GMA 

0 .351  
0 . 3 6 0  
0 . 2 7 5  
0 .383  
0 . 4 0 7  
0 . 2 2 3  
0 .  159 
0 . 3 0 2  
0 . 2 5 7  
0 .257  
0 .201  
0 . 2 2 3  
0 .325  
0 .361  
0 .275  
0 .  i 5 9  
0 .201  
0 . 3 6 0  
0 . 4 0 6  
0.271 
0 . 6 7 7  
0 . 8 0 6  
0 . 3 0 2  
0 .445 
0 .517 
0 . 4 4 9  
0 . 6 1 0  
1 .164  
0 .  144 
0 I 807 
0 .  A71 
0 .369  
0 . 3 3 9  
0,440 
0 , 5 9 9  
0 . 4 4 0  
0 . 3 3 8  
0 .419  
0 .413  
0 . 2 7 8  
0 . 3 1 8  
0 . 3 0 4  
0 . 4 0 0  . 
0 . 6 4 6  
0 .350  
0 . 4 7 4  
0 . 3 5 4  
0 .361 
0 . 3 9 7  
0 .546  
0 .484  
0 . 4 1 0  
0 .416  
0 . 4 2 4  
1 .510 

PARAM 

S P  A C C E L  G 
FLOOR A C  G 
A C C E L  G 
A C C E L  G 
S P  ACCEIL G 
S P  A C C E I I  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
SP A C C E L  G 
SP ACCEL G 
S P  A C C E L  G 
S P  A C C E L  G 
2 PRD ACCE 
Z P R D  ACCE 
Z P R D  ACCE 
SP A C C E L  G 
FLOOR A C  G 
B A S E  A C C E L  
FLOOR A C  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
SP A C C E L  G 
S P  A C C E L  G 
A C C E L  G 
A C C E L  G 
Z P R D  A C  G 
Z P R D  A C  G 
Z P R D  A C  G 
2 P R D  AC G 
Z P R D  A C  G 
S P  A C C E L  G 
SP A C C E L  G 
SP A C C E L  G 
SP A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 
SP A C C E L  G 
S P  A C C E L  G 
SP A C C E L  G 



c 
NMEAN 

9 . 6 3 0  
1 8 . 3 0 0  
15.  100 

2 . 5 9 0  
2 . 8 2 D  
9 . 6 3 0  

1 8 . 3 0 0  

L 

NS I GMA 

I .  880 
9 .  6 4 0  
5 .  240 
1 . 7 3 0  
1 .  140 
4 .  880 
9 . 6 4 0  

LNMEAN 

2 . 2 6 0  
2 , 9 0 0  
2 . 7 5 0  
0. 951 
1 , 0 4 0  
2 , 2 6 0  
2 . 9 0 0  

LNS I GMA 

0 . 8 1 8  
0 . 8 8 1  
0.13G 
1 . 5 1 0  
0 :  570 
0 . 8 1 8  
0 .881 

PARAM 

SP A C C E L  G 
SP ACCEL G 
S P  ACCEL G 
SP ACCEL G 
Z PD PK AC 
SP A C C E L  G 
S P  ACCEL G 



F. GRPNOTES 

Table GRPNOTES contains qualifying comments pertinent to the various groupings 
of data in GRPMODE. 
equipment identification is included here. 
data as follows: 

Information such as predominant frequencies and specific 
It consists of four columns of 

Column name 2 Y E  Con tents Column No. 

1 

2 

CATNO Floating A floating point number unique to a 
particular description of generic 
category or component description 
(see Table CATEGORY). 

GRPNO Character An identifying code unique to a 
particular set of data for a 
particular failure mode (see Table 
GRPMODE) . 

LINE Integer A line number used for sorting and 
editing. 

NOTE Character Qualifying comments. 

n 
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GRPNBTES 

1 . O  G R P O l B  

CATNU GRPNB L I N E  

1 . 0  G R P O l A  1 

1 . O  G R P O l C  

1 . O  SMAOl 
1 . O  S M A 0 2  
2 .  1 G R P 0 2 A  

2. 1 GRPO2B 

2 .  1 G R P 0 2 C  

2 .  1 S M A 0 3  
2 . 2  G R P 0 2 D  

2 . 2  G R P 0 2 E  

2 . 2  SMAOS 
2 . 3  O R P 0 2 F  

1 

1 

131 
131 

32 

32 

26 

4 4  
4 2  

4 2  

131 
60 

NBTE 

PREDOM I NANT FREQl JENC I ES MODE 3 1 , 3 H Z ;  
MODE # 2 ,  3 H Z ;  ANI1 lflf3DE -X3, 5 H Z .  
PRECENT I L E $  I PICLIJDE L O C A .  
PWR, ALL MODES. 
FUNCT I ONAL F A  I LURE 
FRAG I L I TY PARAMETER ACCEI-FRAT I O N  
A T  CORE SUPPORT ATTACHHENT 
TO KEAC-reR VESSiIl- 1. 
PREDdM I NANT FREf>'llr.NC 1 E S  MODE * 1 , 3 H Z ;  
MODE '12, 3 H Z ;  AND ;.I'jD? r 3 ,  5 H Z .  
PRECENT I LES I rici-1.m LOCA , 

FUNCT I ONAL ~ , h  I LURE 
PWR A L L  MODES. 

FRAG I L I TY ?AR,'VlETl:X ACCELEXAT 1 ON 
A T  CORE .SIJPI"c'II~~'r .Vi f.'..CI ii'IENT 
TO R E A C l i j l i  V E S S E L .  

iqODE $ 3 ,  3 I+z; [,,pin l?3$:-1 ' t3 ,  5 I i Z .  
PRECENT I LES I NCLUOE I - f l C A .  

PREn@Pl[ PI\b!T I - - X ~ n ' l T l ~ b ? i  E?, Mi2raL- '!I , 3112; 

. , , . . . . . . . 
MENTS PF:ESS B O U I ~ ~ L ~  F, 
A L L  MODES. 
POUL TYPE REACrOR \IE?SEL ( L I Q .  S l l D I L  
PREDBM I NAFlT FREOIIENC I E S ,  F1TJIlE # 1 - 7  
MODE # 2 - 7 . 5  1-12 
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CATNU GRPN6 L I N E  NUTE 

2 . 3  G R P 0 2 1  

2 . 3  G R P 0 2 J  

2 . 3  S M A 0 4  
2 . 3  S M A 1 4  
3 . 0  G R P 0 3 A  
4 . 0  GRPO4A . .  - G R P 0 5 A  
5.0 
6 . 0  GRPOCA 
7 . 0  G R P 0 7 A  
7 . 0  G R P 0 7 0  
7 0 SMAO6 . . _  
7 . 0  SMAO7 
8 . 0  G R P 0 8 A  
8 . 0  GRPOBB 
8 . 0  GRPOBC 
8 . 0  SMAOS 

9 . 0  G R P 0 9 A  
8 . 0  silaog 

10 .0  G R P l O A  

1 0 . 0  G R P l O B  

10 .0  G R P l O C  

1 0 . 0  S M A l O  
1 0 . 0  S M A l l  
1 0 . 0  S M A l 5  
1 1 . 0  G R P 1 1 A  
1 1 .  0 S i l A l 2  
1 1 , 0 SFI.? 1 3 
1 2 .  0 G R P 1 2 A  

1 2 . 0  G R P 1 2 B  

MUDE #l FACTORS T I M E  S Y  ( S Y  FROM 
P R E S S .  BUUND.  F A I L ;  A L L  MODES. 

PREDOMINANT F R E O U E N C I E S : F l 0 D E S  # 1 1 0 - 3 0  
MODES # 2 R I G I D  
MODES # 3 2 0 - 1 0 0  H Z .  
P R E S S .  BUUND. F A I L ;  A L L  MUDES. 

2 . 3  G R P 0 2 H  4 8  STEAM GENERATUR 
A L L  MODES : PREDON I PIANT FREQUENCY 7 . 5  H Z  
A L L  MODES: V E R T I C A L  
D I R E C T I O N  A C C E L E R A T I O N  
P R E S S .  BOUND. F A I L ;  A L L  MUDES.  

A L L  M 0 D E S :  V E R T I C A L  
D I R E C T I  O N  ACCELERAT I U N  
P R E S S .  B B U N D ,  F A I L ;  A L L  MODES. 

PREDOMINANT FREQUENC1ES:MUDES $I 1 1 0 - 3 0  
MODES 4t 2 R I G I D  
MODES ?b 3 2 0 - 1 0 0  H Z .  
P R E S S .  BOUND. F A I L ;  A L L  MODES. 

2 . 3  G R P 0 2 G  5 4  STEAM GENERATUR A L L  MODES: 

4 8  STEAM GtNEFiAT0R 
ALL MODES: PREDOMINANT FREQUENCY 7 . 5  HZ 

5 4  STEAM GENERATOR A L L  PlOriES : 

4 4  FREQUENCY 5 HZ , ( N S S S  S Y S T E M )  , 5% DAMP 
4 4  FREQUENCY 5 tiz (risss SYSTEM) , 5% DAMP 

1 MASTER P I  P I N G  CC!PVE 
1 MASTER P I P I N G  CURVE 
1 MASTER P I P I N G  CURVE 
1 MASTER P I  P I N G  C U W E  

1 PREDOM. F R E Q .  4 - 1 0  HZ 
1 1 9  A L L  MODES: PREnOMINANT FREQUENCY 4 - 1 0  H Z  

1 3 1  FREQUENCY 2 0 . 7  HZ , 5% DAFlP lNG 
1 3 1  FREQUENCY 6 .  3 HZ 57 DA.MPI l'15 
12 1 A L L  MODES : PREDOMi NANT FREQUENCY 3 .-8 HZ , 
1 2  1 A L L  MODES: Pt?FI?I)M I NAI4-I. Ft~:L?lJEI~lCY 3 - 3  H Z  , 
1 2 1 A L L  MCII?ES : PRL'DfW I NANT FI:EC!UEi\ICY 3 - 8 H L  , 

4 4  R I G I D  TANK + S L O S H  
4 0  R I G I D  TANK + S L O S H  

123 PREDOMINANT FREQUENCY:  12 T 3  20 HZ. 

1 2 8  B U T H  MODES: PREDCNl!NANT FREOUZNCY 1 5 - 3 0  

1 3 1 PREDBM I N.2NT FREOIJEI'JCY : GREA IKLR THEN 20 H 

D I  E S E L  F lJEL T A N K .  

HUR I Z U N T A L  TANK AN13 H E A T  EXCHANGERS,  

S M A L L  V E S 5 E L S .  

H O R l  ZOPITAL TANK ANI) HEA.r EYCHAI ' ISERS, 
1 2 8  BOTH MODES : PREDOMI NANT FEEOl lCNCY 1 5 - 3 0  

1 3 1  FREQUENCY 6. 9 H Z  , 52 DAPlr IP~lG 
1 3 1  FREQUENCY 12.  8 HZ ..)% DAMI>! hIG 
1 3 1  FREOUENCY 7 HZ , D.RF-lPI NG 

1 MASTER P I  P I  FIG CURVE 
4 4  ZION BURIED P I P E  
44 Z l l i \ l  SIJRIED F I P E  

1 4 0  88TI. i  Mb13ES1 PEEDBM I N 9 N T  FREOCIENC I ES : 1 ,  5 
PERKN r I LES I PICI-I~D;: I . . C ? . ' ~ ~ ,  

140 601'1-1 iIUOES, P K E I l L l  1 NASI'!' I ,?EQUEi\lCl EC. : 4 ,  5 
PERCENT I L E S  I IblCLUDE LOCI-\, 

n 

7 

i 
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h 

c 

CATNO 

1 3 . 0  
1 3 . 0  
1 4 . 0  

1 4 . 0  

15. 0 
1 5 . 0  
1 5 . 0  
1 5 . 0  
1 5 . 0  
1 5 . 0  
1 3 . 0  
1 6 . 0  

1 6 . 0  

1 6 . 0  

1 6 . 0  

1 6 . 0  

1 6 . 0  

1 6 . 0  
1 6 . 0  
1 6 .  0 
1 7 . 0  

1 7 . 0  

1 7 . 0  
1 8 . 0  

1 8 . 0  

1 8 . 0  

1 8 . 0  
1 9 . 0  

1 9 . 0  

2 0 . 0  

GRPNB 

GRP 1 3 A  
GRP 1 38 
GRP 1 4 A  

GRP 1 4 8  

S M A l 6  
S M A l 7  
SMA 1 8 
S M A l 9  
S M A 2 0  
S M A 2  1 
S M A 2 2  
GRP 1 6 A  

GRP 1 6B 

GRP 1 6 C  

GRP 1 60 

GRP 1 6 G  

GRP 1 6 H  

S M A 2 3  
S M A 2 4  
S M A 2 5  
G R P l 7 C  

GRP 1 7 D  

SMA26 
G R P l 8 A  

GRP 1 86 

G R P l 8 C  

S M A 2 7  
GRP 1 9 A  

GRP 1 9 B  

G R P 2 0 A  

L I N E  

1 4 3  
1 4 3  
1 4 9  

1 4 9  

4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  

184 

1 8 9  

- 1  92 

1 6 8  

1 9 5  

1 9 5  

4 4  
44 
4 4  

200 

200 

4 4  
205 

205 

205 

44 
230 

230 

233 

NUTE 

PREDOMINANT F R F O I I F N C Y  d 5 !47 AI I MP(nF9 

PERCENTILE.  

~ . - . . - . . . - . , 
Z I O N  S A F E T Y  

E S  

ALL. ~;~~IDEs. PREDBM I NANT FREQUENCY R I G I D . 
P A L L  V A L V E  'd l  TH ACT1JA7eP (IN0 
L O G I C  C A B I N E T  
PREDOM I NANT FHFOUENCY : 
MODE i f 1  V A L V E  ACrIJATOR 27 .  7 H Z .  
MUDE S P R I N G  MECHANISM 10- 1 2  H Z ,  
RUGGLES K L  I NGEM.J.i.1 TR: P V A L V E ,  
PREDOM I NANT Fi?E(:lIIENCY : 
MODE #l V A L V E  ACTIJATOR 2 7 . 7  H Z .  
MODE SPR I NG MECI-IAN1 SM 10- 1 2  H Z .  
RUGGLES KI. I NGEMAiq f R  I P V A L V E .  
R I G I D  
R I G I D  
RIGID 
PREDOMINANT F R E Q U E N C I E S  
BOTH MODES: R I G I D  
PREDOMINANT FREQUENC 
BOTH MODES: R I G I D  
R I G I D  
PREDOMINANT FREQUENC 
DAMPING IS 5% 
PREDbPl I NANT FREQUENC 
DAMPING IS 5% 
PREDOMINANT FREQUENC 
D A M P I N G  IS 5% 

E S  ARE 20-30 HZ. 
E S  ARE 20 -30  HZ. 
E S  ARE 20-30 HZ. 

R I G I D  
PREDOMINANT FREQUENCIES ARE 
> 33 HZ 
PREDOMII'IANT FREQUENCIES ARE 
> 33 K Z .  
PREDGM I NANT RESPONSE FPEQUENC I ES : 
1 S T  MODE 7 . 0  TO 2 0 . 6  H Z .  
2ND MODE 8 . 3  TO 1 3 . 8  H Z .  
D I E S E L  GEIJERATORS, 

2 3 3  



CATNU GRPNU L I N E  NUTE 

2 0 . 0  

2 0 . 0  

2 0 . 0  

2 0 . 0  
2 0 . 0  
2 0 . 0  
2 0 . 0  
2 1  . o  
2 1  . o  
2 1  . o  
21 . o  
22.0 

G R P 2 0 8  

G R P 2 0 C  

G R P 2 0 D  

S M A 2 8  
S M A 2 9  
S M A 3 0  
SMA3 1 
G R P 2  1 A 

G R P 2  1 B 

S M A 3 2  
SMA 3 3 
GRP22A 

2 2 . 0  S M A 3 4  
2 2 . 0  S M A 3 5  
2 2 . 0  S M A 3 6  
2 3 . 0  G R P 2 3 A  

23 .0  G R P 2 3 B  

2 3 . 0  G R P 2 3 C  

2 3 . 0  S M A 3 7  
2 4 . 0  GRP21A 

2 4 . 0  S M A 3 8  
2 4 . 0  S M A 3 9  
2 4 . 0  S M A 4 0  
2 6 . 0  G R P 2 6 A  

2 6 . 0  G R P 2 6 B  

2 6 . 0  SMA41 
2 6 ,  0 Si1,2-"2 
26.0 SM.443 

233 

2 4  1 

24 1 

4 4  
4 4  
44 
44 

244 

2 4 7  

4 4  
4 4  

250 

4 4  
4 4  
4 4  
20 

27 

27 

4 4  
30 

4 4  
4 4  
44 
33 

33 

A 4  
4 4  
44 

PREDUMINANT RESPUNSE 
1 S T  MODE 7 . 0  T 0  2 0 . 6  
2ND MODE 8.3 T U  1 3 . 8  
D I E S E L  GENERATBRS. 
PREDOM 1 FIANT RESPONSE 
DtESEL GENERATURS. 
PREDOM I NAPlT RESPUNSE 
D I E S E L  GENERATURS. 
FREOUENCY 30 HZ , 5% 
FREQWENCY 1 1  HZ , 5% 
FREQUENCY 22 HZ , 5% 
R I G I D  
PREDOMINANT FREQUENC 

F R E Q U E N C I E S  
HZ . 
HZ. 
F R E Q U E N C I E S  

FREQUENC I E S  

DAMP I NG 
DAMP I NG 
DAMP 1 NG 

' IS > 2 5  HZ. 
BATTERY RACKS 
PREDOMlNANT FREQUENCY > 1 5  HZ 
DC POWER B A T T E R I E S  
FKEQCJENCY 8 HZ , 5% D A M P I N G  
FRFQLJENCY 8 HZ , 5% D A M P I N G  

1 5  HZ. 
IS H Z .  

1 

i 

.a 
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CATNB 

2 7 . 0  

2 7 . 0  

GRPNB LINE 

50 ERP270 

GRP27C 42 

2 7 . 0  GRP27D 

2 7 . 0  SMA44 
2 7 . 0  SMA46 
2 7 . 0  SMA47 
3 0 . 0  GRP30A 

3 0 . 0  GRP300 

3 0 . 0  GRP30C 

3 0 . 0  GRP30D 

3 0 . 0  GRP30E 

30.0 

3 0 . 0  
31 . O  

31 . O  

31 . O  

31 . O  

42 

44 
44 
44 
54 

54 

54 

59 

59 

GRP30F 59 

SMA 4 8 44 
GEP3 1 A 69 

GRP3 10 69 

GRP3 1 C 69 

SMA 19 44 

NOTE 

A L L  l*lCll~~ES > 15 H Z .  
FREQUEi'ICY 5 -10  HZ , 5% DAM? 
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CA 

3 1  
3 1  
33 
35 
36 

3 6 .  

NO 

0 
0 
0 
0 
0 

0 

3 6 . 0  
3 7 . 0  

3 7 . 0  

3 7 . 0  

3 7 . 0  

3 7 . 0  

3 9 . 0  

3 9 . 0  

3 9 . 0  

4 0 . 0  

4 0 . 0  
41 . O  
4 1  . 0  
4 1  . O  
11 . o  
41 . O  
L4a. 3 

GRPNO 

SMASO 
SMA5 1 
G R P 3 3 A  
S M A 5 2  
G R P 3 6 A  

G R P 3 6 B  

S M A 5 3  
G R P 3 7 A  

G R P 3 7 B  

GRP37C 

G R P 3 7 C  

G R P 3 7 E  

G R P 3 9 A  

G R P 3 9 B  

G R P 3 9 C  

G R P 4 0 A  

S M A 4 5  
$MA54 
S M A 5 5  
SM156 
S M / \ 5 7  
S14A 5 8 
G?? 43A 

L I N E  

44 
44 

1 
44 
87 

a7 

44 
90 

90 

90 

95 

98 

7 

1 1 1  

20 

39 

44 
4 4  
45  
4 4  
4 4  
44 

121 

NOTE 

FREQUENCY 5 -  1 0  H Z  , 5% DAMP1 NO 
FREQUENCY 5 - 1 0  H Z  , 5% DPFIPIPIG 
FREQ.  4 . 5 - 6 . 5  H Z  , DAMP 2% 
FREQUENCY 5-10  HZ 5% D A M P l N G  
PREDUM I PIANT RESPONSE FREOUENCY 
1s 5 - 1 0  H Z .  FUR A L L  MBDES. 
PREDCliY I NANT RESPONSE FREQUENCY 
IS 5 - 1 0  H Z .  FUR A L L  MODES. 
REFERENCED TO ZPA 
PREDCJMINANT FREQUENCY FUR 
RESPONSE 8 . 5  - 1 1  . O  H Z .  
D A M P I N G  A T  7% 
HVAC DIJCTS. 
PREDOMINANT FREQUENCY FOR 
RESPONSE 8 . 5  - 1 1 . 0  l l Z .  
DAMPING A T  7% 
I i V A C  DUCTS,  
PREDOM I PtP.NT FREQCIENCY FUR 
RESPUN.SE 8,5 - 1 1  . o  H Z .  
D A M P I N G  A T  7% 
HVAC D U C T S .  
PREDOMINANT FREQUENCY FOR 
RESPOPJSE 5 - 1 0  H Z .  A L L  MODES 
PREDOMINANT FREQUENCY FOR 
RESPONSE 1 0  H Z .  A L L  MODES. 
FREQCIENC I ES : 
1 S T  MODE = 1 . 5 - 4 . 0  H Z .  
2ND MODE = 4 . 5 - 8 . 0  H Z .  
I N - S I T U  T E S T I N G .  F R A G I L I T Y  
PARAMETER A T  C I R C U l T  a?E'kl<ER 
F O B T I N G .  THESE A R E  SWITCHYARD 
C I R C U I T  B R E A K E R S .  
TURS 1 B N A L  F A  I L U R E  MBDES UF 
V I B R A T I B N :  
1 S T  2 . 4  - 3 . . 4  H Z .  
2ND 7 . 8  - 1 2 . 2  H Z .  
A I R BLAST C I RCU I 7 BREAKERS. 
F R A G l L I T Y  PARAMETER A T  FLOOR 
TU TRANSFORMER I NTERF.\CE 
PREOeM I NANT FREOUENC 1 ES: 
CBBLER U N I T :  7 . 5 ,  7 . 7  H Z .  
I NTERNAL STRUCTURE : 7 . 2 ,  7 . 6  I i Z .  
HV P O R C E L A I N :  8 . 1  10.,3 H Z .  
PREDO~I I NANT P E S : W ~ ~ S E  Fi;Fc)UENCY 
20 T U  33 H Z .  
5 - 1 0  H Z  , 5% D A l l P I N G  
3 -  1 o HZ 5x n;Zw I NG 
FREQUEPIC'I/ 5 - 1 0  t-iZ , :X D A M P I N G  
FREOUEI'ICY 5 - 1  0 Ii-L , J X  DA:!Pl I\IG 
FREQI.IEI~ICY 5 -10  HZ , 5% OPI"!P!i'IC- 
FREtlUEttICY 5 - 1 0  H7 , 5% D ? i ( P i i \ I G  

l i r a ~  VERE P k j f  T:?!:EN T 4  
F A  I L U i i E .  

MODE e l  9 . 5  HZ. 

T I j E  

PR:IDCIT'I 1 i,l,~,i~JT FRKVJiIP!C I E S  : 

i 
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CATNO GRPNB L I N E  NOTE 

MODE %2 21 . 5  H Z .  
4 9 . 0  GRP49A 1 FREQ.  1 - 4  HZ 
4 9 . 0  SMA59 4 4  REFERENCED TO ZPA 
5 0 . 0  GRP5OA 1 FREQ.  7 - 8  HZ 

i 
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G .  GRPRES 

Table GRPRES contains the lognormal results for each failure mode in each 
generic category along with other pertinent information. 
columns as follows: 

It consists of seven 

Con tents ?BE Column N o .  Column name 

1 

2 

3 

4 

5 

6 

7 

CATNO Floating A floating point number unique to a 
particular description of generic 
category or component descriptions 
(see Table CATEGORY). 

DES Character The description of the generic 
category or specific component (see 
Table CATEGORY). 

GRPNO Character An identifying code unique to a 
particular set of data for a 
particular failure mode (see Table 
GRPMODE) . 

MF,DIAN Floating The median of the data assuming 
lognormal distribution. 

BETA Floating The standard deviation of the natural 
logs of the data. 

PARAM Character The fragility parameter. 

MODE Character A description of the failure mode. 
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c 'I 

GRPRES 

a c c' 

CATNU DES GRPNO M E D I A N  B E T A  PARAM ElODE 

1 . 0  REACTOR CORE ASSEMBLY GRPO 1 A 3 , 9 1 6  0 .708  S P  ACCEL I; B I  N O 1  11,; OF COI'ITEAL RODS DUE T O  S E I  S M l  C A L  
L Y  I FllY JCED DEFuF,klAT 1014s 

1 . 0  REACTOR CURE ASSEMBLY GRPO 1 B 5 . 6 4 6  0 . 7 5 7  S P  ACCEI- G D E F O k  I ?  I i 0 h  O F  Gill DE TUBES D U E  TO SEI  S M l  

1 . 0  REACTOR CORE ASSEMBLY GRPO 1 C 6 .693  0 . 8 2 3  S P  ACCEI- G F A I L U R E  01 '  COt?E YlJrPOHT S T R U C T U R E  DUE TO 

1 . O  REACTOR CORE ASSEMBLY SMAO 1 2 . 7 4 6  0 .369  S P  P.CCEL G D E F U R .  O F  G U I D E  TUBES / G U l  D E  P L A T E  WELD 

1 . O  REACTOR CORE ASSEMBLY S M A 0 2  5 . 9 8 9  0.339 S P  ACCEL G CONTROL t :uD HOUSING D E F O R M A T I O N  

c I w ,w I 01- FULL t31 INDLE 

I ~ I E R  i I A I.OAD or FIJEL 

2 . 1  

2 . 1  

2 . 1  

2 . 2  

2 . 2  

2 . 2  

2 . 3  

2 . 3  
N 
w 2 . 3  
W 

2 . 3  

2 . 3  

2 . 3  

2 . 3  

3 . 0  

7 . 0  

7 . 0  

7 . 0  

REACTOR PRESSURE V E S S E L  

REACTOR PRESSlJRE V E S S E L  

REACTOR PRESSIJRE V E S S E L  

PRESSUR I ZER 

P R E S S U R I Z E R  

PRESSIJR 1 ZlER 

S TEAM 0 E 1.1 ERA TOR 

S 'I' E AM G ENER A T(7 R 

S T E AM GENERA T U  R 

S T E A M  GENERA TUR 

S T E A M  GENERATBR 

3 T E AM GENERA TOR 

S T E A M  GENERATOR 

GRP02A 

G R P 0 2 B  

GRPO2C 

GRP02D 

GRP02E 

SMAO5 

G R P 0 2 F  

GRP02G 

GRPO2H 

GRP02 I 

G R P 0 2 J  

SMA04 

SMA04 

4 . 1 6 2  0 . 2 7 5  

5 . 4 3 0  0 . 2 8 9  

6 . 4 6 2  0 .325  

3 .  1 0 8  0 . 3 6 1  

5 . 4 3 0  0 . 2 8 9  

2 .000  0 .398  

1 . 8 9 1  0 .208 

4 . 7 1 6  0 .339 

3 . 6 9 6  0.201 

2 . 8 8 6  0 .275 

6 . 1 6 6  0 , 4 2 2  

3 .287  0 , 4 4 0  

3 . 2 8 7  0 . 4 4 0  

S P  ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

SP ACCEI- G 

S P  ACCEI- G 

S P  ACCEI- G 

S P  MOMENTS 

F0HCE.S 

S P  ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

SP ACCEL G 

S P  ACCEL G 

B U C K L I N G  ClF S K I R T  

F A 1  LIJRE BF S K I R T  ANCIIOR B O L T S  

S T R F S S  1 NTEPlS I TY A T  V E S S E L  S U P P O R T  

F A I L U R E  UF S K I R T  ANCHOR B O L T S  

BUCKI-I  NG 0F S K I  R T  

SUPPORT SI< I R T  B O L T 1  NG 

RUPTURE A T  P K I r I f  R Y  I N L E T  OR B U T L E T  N O Z Z L  
E, RUPTURE A T  FEEDWATER N O Z Z L E  
I r lOZZLt  F A  I L U R E  

F A I L U R E  OF STEAM GENERATOR LEG IMEEDMENT 

F A 1  LURE €IF COfdPIECT I ON BETWEEN SUPPORT L E  
(2 AND SrEAt? GC:I~ lEEAIDR B 6 D Y  
TUP, I NG F A  I L U R E  

I N CRNTA 1 IWEN-I' FLW3H 
F A I L U R E  OF STEAM GENERATOR LEG IMEEDMENT 

F A 1  LURE €IF COfdPIECT I ON BETWEEN SUPPORT L E  
(2 AND SrEAt? GC:I~ lEEAIDR B 6 D Y  
TUP, I NG F A  I L U R E  

I N CRNTA 1 IWEN-I' FLW3H 

S U P r O R T  COLUMN F A l L U R E  

SUPPUllT COLUI'IN F A  I L U R E  

PI? I h'4RY CBI3LANT P I P  I NG GRP03A 202.350 0 . 4 0 6  MUPI F T - I <  I P RUPTUCE A T  COPII~IECT I O N S  T 8  COMPONENTS D U E  

LARGE VERT I CAI- STf3RAGE VESSEILS GRP07A 1 . 650 0 .  4 4 5  S P  ACCEL. G RIJPTCICCI C7F . \NCHC#H E O L T S  

L A R G E  \'E:I?'r I CP.1.. STORAGE VESSEILS GRPO7B 2 . 4 6 7  0 .536  SP ACCEL G B U C K L I N G  €IF SUPPORT S K I R T  OR L E G S  

T@ Cf:tI'iI CiPiENT SUPPORT F A  I L U R E  

W I T l i  FC~lmEII I-IIIADS 

w 1 rbi F-CJXIW:II iiw~i.):: 
L A : S E  V E I W  I CAI- STORAGE V E S S E L S  SMAOG 2 1 . 9 7 7  0 . 4 0 7  SP ACCEL G SUPPORT s i < i R r  CBL.I-APSE 

b/ I TI4 F ~ C ) l ~ ~ i . l l ~ I l  I-IEAI>!? ~ . -  
7 .  0 LAXGE VE:17'1'I CAI- STORAGE V E S S E L S  SMA07 7 .  925 0 ,  5 1  9 S P  P.CCEL G P L A S T I C  B I J C K L I  IIG 8F S H E L L  

8 .  o L w c x  VEH r I c A t .  SI o r w x  ~ - , ~ I K s  w GRPOBA 2 . 0 7 9  0 .275 S P  ACCEL G RUPTURE OF ANCllClH B O L T S  

E .  o ILIKIX vm. r  I CAI.. I; I-I:J:AGE TANKS w G R P O ~ B  3 . 2 5 4  0 . 3 1 9  S P  ACCEL G B U C K L I N G  O F  TANK WALL 

8 . C1 l../4KGE VERT I CAI.. SrCJRAGE TANKS 1.1 GRPO8C 5 .  3 1  2 0 . 3 0 5  S P  P.CCEI- G TENS1 L E  RlJPTURE OF TANK W A L L  

8 .  0 ILARGE \IER.T I C.41- STcJRAGE TANKS b/ SMA08 0 .  828 0 .  389 PK GD AC G B U C K L I N G  OF Th.NK WAI-LS A T  B A S E  

W I T H  rCiI<I lE~I~ I.lliAl3S 

I .r i i  FI..AT r? .~:~~wr is  
I .ri-i FILAT mn-ws 
I TI-I FLAT IXJ rTcwis 
I '1.1-1 F L A T  EO IWUHS 



1 3 . 0  

1 3 . 0  

1 3 . 0  

1 4 . 0  

F l J G A L  

FUGAIL 

FUGAI- 

P UM 

PUM 

PUP1 

GRP 1 

GRP 1 

SMA 1 

GRP 1 

3 A  

38 

5 

4 A  

r im  I Ari 

3 . 5 9 7  

3 . 9 1 2  

2 . 0 7 9  

1 2 . 7 6 9  

2 . 5 9 9  

7 .925 

7 .  1 7 1  

1 . 3 9 9  

1 . 3 9 9  

3 .557  

5 . 8 4 7  

3 .287  

3 .287  

2 . 8 8 3  

4 I933 

3 .490 

2 . 2 8 9  

4 .577 

3 . 1 9 0  

3 . 1 9 0  

1 1  ,705 

1 1  .705 

4 .665 

7 . 1 7 1  

8.218 

3 9 . 6 4 6  

3 2 . 4 6 0  

e E - r A  

0 . 4 3 6  

0 . 6 0 9  

0 .275 

0 .359 

0 . 4 5 2  

0 .539 

0 . 5 1 6  

0 . 6 0 1  

0 . 6 0 1  

0 .  4 0 1  

0 . 4 0 6  

0 . 4 4 0  

0 .  4 4 0  

0 . 2 7 5  

0 .  1 5 9  

0 . 3 4 2  

0 . 4 1 7  

0 .  4 1 7  

0 .338  

0 .338 

0 .  4 1 9  

0 . 4 1 9  

0 .  4 1 3  

0 .278 

0 . 3 1 8  

0 .304 

0 . 4 0 8  

PAPAM 

PK GD AC G 

FLOOR AC G 

ACCEL G 

ACCEL G 

ACCEL G 

SP P.CCEL G 

PI< ACCEL G 

PK GD AC G 

PK GD AC G 

SP A C C E L  G 

SP A C C E L  G 

SP ACCEL G 

SP A C C E L  G 

SP ACCEL G 

SP ACCEL G 

SP ACCEL G 

SP ACCEL G 

SP A C C E L  G 

ACCEI- G 

SP ACCEL G 

S P  ACCEL G 

ACCEL G 

2 P R D  AC G 

2 P R D  .4C G 

2 P R D  AC G 

Z P R D  AC G 

2 PRD AC G 

MODE 

eEriD I NG OF VERT I CAI- S T  I FFNER 

SUPPORT SYSTEM F A I L U R E  ( B O L T S )  

RUPTURE OF 4NCHOR B O L T S  

STRUCTURAL F A I L U R E  

SUPi'BI< r F A  I L U R E  

SCrPPGRT F A  I L U R E  

SUPPORT L E G  F A  I L U R E  

@UCKL I NCj AND FRACTURE 

BUCKLI  PIG AND FRPCTURE 

F A I L U R E  OF CONNECTION TO SUPPORT L E G S  

B U C K L I N G  OF SUPPORT L E G  

SUPP(3RT COLUMN E U L T  I NG 

SUPPORT COI.lIMN E?ULT I NG 

RUPTURE UF CONNECTIONS TU SUPPORT S T R U T S  

T E N S I L E  F A I L U R E  OF SUPPORT STRUTS 

BEND1 NG UF PUMP CAS1 NG 

RUPTURE dF ANCllBR B O L T S  DUE TU LARGE MOM 
E N T S  I ICUM VERT I C A L  I N T A K E  COLUMN 
RUPTLIRE OF VERT I C A L  I N T A K E  COLUMN 

1 MPELI-ER D E F L E C T  I U N  

I MPEl L E R  D E F L E C T  I UN 

MOCINT I NG 1301-T F A  I L U R E  

MOUrIT I NG B O L T  F A  1 L U R E  

F L A N G E  B F N D l  FIG 

Stl.91-T B E l l n l  NG 

THROST BFfiRI NG F A 1  L U R E  

S H A F T  D E F L E C T I U N  

G E N E R I C  F U N C T I U N  

i 



I c e' 

1 
CATblU DES GRPNB 

1 6 . 0  L A R G E  MOTOR OPERT\TED V A L V E S  ( GRP16A 

1 6 . 0  L A R G E  M@TOR OPERATED V A L V E S  ( G R P 1 6 B  

1 6 . 0  L A R G E  MOTOR OPERATED V A L V E S  ( GRP16C 

1 6 . 0  L A R G E  PlOTOR OPERATED V A L V E S  ( G R P l 6 D  

1 6 . 0  L A R G E  140TGR OPERATED V A L V E S  ( G R P l 6 G  

1 6 . 0  L A R G E  MOTGR OPEPATED V A L V E S  ( G R P l 6 H  

1 6 . 0  L A R G E  FIOlOX OPERATED V A L V E S  ( SMA23 

1 6 . 0  LARGE PIWTOR OPERATED V A L V E S  ( SMA23 

1 6 . 0  L A R G E  MB'TBH OPERATED V A L V E S  ( SMA24 

1 6 . 0  L A R G E  MOTOI< OPERATED V A L V E S  ( SMA25 

1 7 .  0 L A R G E  REL I El' AND CHECK VP.I..VES G l i P l  7 C  

1 7 . 0  LARGE R E L I  E F  AND CHECK V A L V E S  G R P l 7 D  

1 7 .  0 L.4RGE R E L I  El' AND CI-IECK V A L V E S  SMA26 

1 7 .  0 L A R G E .  R E L  I El' AND CI-IIZCK V A L V E S  SMA26 

1 7 . 0  LARGE K f : L I E F  AND CHECK V A L V E S  SMA6O 

> .IIN.) 

> 4 1 N . )  

> 4 1 N .  1 

>  IN. ! 

> 4 1 N . )  

> 41N. 1 

> . ? I N . )  

> . ? I N . )  

> 4 1 N . 1  

> 4 1 N . )  

( > 41C1..) 

( > 4 1 N .  1 

( > 411.1.) 

( > 4 1 N . )  

( > 4 l N . 1  p3 

IP 1 0 . 0 S M A L L  M I  SCEI.LAPlC~9US VP.LVES ( < GRP 1 8B P 

1 8 . 0 !34A.l-l- PI I SCEI. I-ANEBIJS V A L V E S  ( < GRPl  8 C  

1 9 .  0 IKI? I ZI3FllAI- 11OTORS GRP 1 9 A  

1 9 .  0 HOP I ZOFITAL MOTORS GRP 1 93 

2 0 . 0  GENERATORS GRP20A 

2 0 . 0  G E N E R A l O R S  GRP20B 

2 0 .  0 Gl:ldERAl-ORS GRP20C 

20. 0 GEfdER.c\TOIZS GRP2OD 

20.  0 GENERATORS SMA28 

20.  0 GENERAl-ORS SMA29 

T'c?. 0 GENERATORS SMA29 

2 0 .  0 GEI'JERATURS SMA30 

4 I N .  1 

4 I N , ) 

MED I A N  

1 7 . 3 0 5  

1 0 . 6 2 3  

7 . 6 0 6  

1 1 , 1 9 0  

1 0 . 5 9 1  

7 . 0 2 9  

7 . 5 3 8  

7 . 5 3 8  

7 . 3 1 6  

4 3 . 8 1 6  

8 . 9 1 7  

1 2 . 6 5 4  

4 7 , 4 6 5  

4 7 . 4 6 5  

9 . 8 7 5  

15.959 

2 1  ,563 

1 2 . 4 2 9  

2 0 . 8 0 1  

5 . 9 4 8  

5 . 9 4 8  

5 . 6 4 6  

10 .350 

0 . 9 3 1  

1 . 9 6 0  

1 . 9 6 0  

0 . 7 3 5  

B E T A  

0 .275 

0 .257  

0 . 3 1 4  

0 .  358 

0 . 4 7 6  

0 . 2 7 1  

0 .  6 4 6  

0 . 6 4 6  

0 . 3 5 0  

0 . 4 6 8  

0 .  1 3 2  

0 .  1 3 0  

0 . 4 7 4  

0 . 4 7 4  

0 .650  

0 . 6 2 0  

0 . 7 1 4  

0 . 3 6 0  

0 . 2 7 5  

0 .  4 4 1  

0 . 4 4 1  

0 .  4 7 6  

0 . 2 7 9  

0 . 3 5 4  

0 .  361 

0 .  3 6 1  

0 . 3 9 7  

PARAM 

S P  P.CCEL G 

SP ACCEL G 

SP ACCEL G 

S P  ACCEL G 

P K  ACCEL G 

P K  ACCEL G 

SP P.CCEL G 

PK ACCEL G 

S P  ACCEL G 

2 P D  PI< AC 

S P  ACCEL G 

SP ACCEL G 

2 P D  PI< AC 

SP ACCEL G 

Z P D  PK AC 

SP ACCEL G 

S P  A C E L L  G 

ACCEL G 

ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

SP RCCEL G 

S P  At:i;lclL G 

S P  ACCEI.. G 

S P  ACCEL G 

S P  P.C:CFL G 

SI' ACCEL G 

MBDE 

B R E A K S  A T  WELD ENDS 

RUPTUPE O F  PI; 'E SUPPORT A T  N O Z Z L E  

LOSS (A= CONTROL A I  R 

E L E C l K I C A L  F A I L U R E  I N  ACTUATOR 

FRACTIJRE O F  VAILVE ACTIJATUR TOP COVER A T  

F A 1  L I J R E  O F  S P K l  NG ~ 1 C C I I A N I S M  DUE TO EXCES 
SI VE P L i . S  TI C DECc~l : I IATIOl i l  

I S l  OR r I O N  OF EXTENDED OPERAT0R STRUCTUR 

CBI\li'lEI. 1.1 01.1 TO V A L V E  BODY 

b I STOK r I BPI O F  EXTENDED OPERATBR STRUCTUR 
E 
O I L  RE5Ct:VBIR HOLD DUWN B O L T S  

GENER I C FUNCT I O N  

D I S C  PECbFIFS 0 I SEl lCAGED 

D I SC BECCJI 1ES BOUND 

GENER I C FUNCT I ON 

GENf R I C F IJNCT 1 ON 

OPERA I OR 0 I STORT I ON 

I NTERl I A L  DAMAGE 

S T R U C T I I R 4 L  F A T  I GUE 

R I ND I I IG ~ J I  R e T A T  I NG P A R T S  

RUPTCIIZE UF ANCI-IOR B O L T S  

CONTROL F A  I L U R E  

6 I 1- L E V l r l  IZEGIJLP I OR 

ANCI IOR B u L T  F A  I L U R E  

C i i ~ l l l ' S l i / ' ~ r T  LOCK UP 

R E L A Y  CH?T I CR 

F A 1  I FD RELAY 

F A i  I EIJ RTILAY 

VALL'E  RIP 



1 
c A '1- ria 

2 0 ,  0 C;I<I!I~.I:ATCSRS 

2 1  , 0  B A T  rEk1 ES 

2 1  . 0 HA-TTF.RI ES 

2 I . o mn-m I ES 
2 1  . O  B A T T r R l E S  

2 % .  0 S\J I TCI-IC'EAR 

2 2 ,  0 SW I TCI-IGEAR 

22 , 0 S\J 1 TCI-IGEAR 

2 2 ,  0 SIJ 1 TCI-IGEAR 

D E S  

2 3 . 0  DRY TRANSFORMERS 

2 3 ,  o DRY . r R m s m R r i m s  

23 ,  0 DRY TRANSFORMERS 

23.  0 DRY TEF~PISFORMIIRS 

2 4 ,  0 A I R IbI,"~I'IDL I NG IJN I T S  

21 , 0 A I I? HANDI- I NG IJPJl T S  

2 4 . 0  A I R  HANOLIFJG U N I T S  

2.1. 0 A I R tiI?NDL I NG UN I T S  

24 , 0 A I R kifi.l\llll- I NG UN I T S  

2 6 . 0  I NSTRUMENT P A N E L S  AND RACKS 

26.  0 I NSTRUPIENT P A N E L S  AND RACKS 

2 6 ,  :I I I'lSTRI.IMEPIT PAPIEILS ? \ P I 0  RACKS 

2 6 ,  0 I NSTRIUPIENT PAI'IEILS AND RACKS 

2 6 ,  0 1 I~ISTRIJMEFIT P A N E L S  AND RACKS 

2 6 ,  0 I N!STRUMEI'IT PANELS AND RACKS 

27 ,  0 CON rRrjl.. P A N E L S  AND RACKS 

2 7 ,  0 C:(jl\JTf?I:Jl_ P A N E L S  AND RACKS 

2 7 ,  0 COI~ITHOL PAI'IELS AND RACKS 

N 

GRPNO 

SMA3 1 

G R P 2  1 A 

G R P 2 1 B  

S M A 3 2  

SPlA33 

G R P 2 2 A  

S M A 3 4  

S M A 3 5  

S M A 3 6  

G R P 2 3 A  

G R P 2 3 B  

G R P 2 3 C  

S M A 3 7  

G R P 2 4 A  

S M A 3 8  

SMA 3 9 

SMA40 

S M A 4 0  

G R P 2 6 A  

G R P 2 6 B  

$MA4 1 

SMA 4 2 

S M A 4 2  

S M A 4 3  

G R P 2 7 B  

G R P 2 7 C  

G R P 2 7 D  

I lED I AN 

0 . 9 3 5  

2 . 2 8 9  

20.801 

1 7 . 1 1 6  

5 , 2 5 9  

2 . 3 3 0  

2 .586  

9 . 5 8 3  

1 8 . 1 7 4  

4 . 6 6 0  

9 .526  

3 .  1 0 8  

1 3 . 3 3 0  

6 . 2 1 5  

2 . 7 4 6  

2 . 9 4 5  

1 1  ,822 

1 1  .822 

2.079 

4 . 9 3 3  

2.588 

9 .583  

9 .583 

1 8 . 1 7 4  

1 6 . 8 2 7  

25 .972  

2 4 . 6 5 5  

B E T A  P A R A l l  MODE 

0 .  5 4 6  

0 .  4 1 7  

0 .275  

0 . 4 8 4  

0 .  385 

0 . 4 8 6  

1 . 5 1 0  

0 . 8 1 8  

0 . 8 8 1  

0 . 5 0 3  

0 . 6 8 0  

0 . 3 5 1  

0 . 4 0 8  

0.360 

0 . 4 1 0  

0 . 4 1 6  

0 . 4 2 4  

0 .  424 

0 .275  

0 .383 

1 . 5 1 0  

0 . 8 1 8  

0 . 8 1 8  

0 . 8 8 1  

0 . 4 0 7  

0.223 

0 .  159 

S P  P C,(;EI- G 

ACCCI. c j  

ACCEI. G 

SP PCCEI. G 

SP ACCEL G 

SP ACCEL G 

SP A C C E L  G 

S P  ACCEL G 

SP A C C E L  G 

SP ACCEL G 

SP ACCEI- G 

SP A C C E L  G 

SP A C C E L  G 

FLOOR AC G 

SP ACCEL G 

SP A C C E L  G 

SP A C C E L  G 

SP A C C E L  G 

ACCEL G 

ACCEL G 

SP A C C E L  G 

SP A C C E L  G 

S P  A C C E L  G 

SP A C C E L  G 

S P  A C C E L  G 

SP A C C E L  G 

S P  A C C E L  G 

STRUC r U R 4 L  

F A I L U R E  OF L A T T E N S  

C A S F  BREAI,CGE DUE TO A B A D  S T A N D  

ANCIHOR BfiLTS 

CASE CRACI' I IJG 8 P L A T E  F A I L U R E  

S P U R I O U S  O P E R A T I O N  O F  A P R O T E C T I V E  R E L A Y  

RELAY CHf iTTER 

BREAKER T R I P  

S T RI.JC T UR A L 

I N T E R N A L  STRUCTURAL F A I L U R E ,  SHURT UF EL 
ECTR I CAI- (;OrJI.IECT 1 ON 
F A I L U R E  OF SUPPORT FRAME 

RUPTURE O F  ANCHOR B O L T S  

STRUCTURAL 

STRUCTURAL F A I L U R E  

RIJDBING 0F F,\N BN H O U S I N G  

R U B B I N G  UF MOTOR RBTUR B N  H B U S I N G  

G E N E R I C  F U N C T I O N  

G E N E R I C  F U N C T l e N  

I NSTRUMENT F A  I L U R E  

WELD F A I L U R E  

RELAY CI I A T T E R  

BREAKER TR 1 P 

BREAKER T R I P  

STRUCTURAL 

COMPONENT M A L F U N C T I  €IN 

STHUCTIJRAI- MOUNT I NG OF C A B 1  NETS 

STRUCTURAL MBCINT I NG OF COMPONENTS 



c 
1 

CATI'IO DES 

27.  0 CONTROL P A N E L S  AND RACKS 

2 7 . 0  CONTROL PANEILS AND RACKS 

2 7 . 0  CONTROL P A N E L S  AND RACKS 

2 8 . 0  AUX I L I F.RY RELAY CAD I N E T S  

30. 0 L O C A L  I PISTRIJMENTS 

30. 0 L O C A L  I PISTRIJHEFJTS 

30 .0  L O C A L  1 NSTRIJMENTS 

30 .0  L O C A L  1 NSTRlJMENTS 

30.0 L O C A L  INSTRUMENTS 

30 .0  L O C A L  INSTRUMENTS 

3 0 . 0  L O C A L  INSTRUMENTS 

3 1  . 0 MOTOR CONTROL CENTERS 

31 . 0 MOTOR CONTROL CENTERS 

3 1 . 0  MOTOR CBNTROL CENTERS 

3 1 . 0  MOTOR CONTROL CENTERS 

3 1 . 0  MOTOR CONTROL CENTERS 

3 1  . 0 PiOTOR CONTROL CENTERS 

31 . 0 MOTOR CONTROL CENTERS 

3 3 . 0  L I G H T  F I X T U R E S  

3 5 . 0  1 NVERTERS 

3 6 . 0  C A B L E  TRAYS 

36 .0  C A B L E  TRAYS 

N 
rp 
w 

3 6 . 0  C A B L  

37 .0  DUCT 

37 .0  DlJCT 

3 7 . 0  DlJCT 

3 7 . 0  DUCT 

TRAYS 

NG 

NG 

NG 

NG 

GRPNB 

S M A 4 4  

S M A 4 6  

S M A 4 7  

SMA6 1 

GRP30A 

G R P 3 0 B  

GRP30C 

GRP30D 

G R P 3 0 E  

G R P 3 0 F  

SMA 4 8 

GRP3 1 A 

GRP3 1 B 

GRP3 1 C 

SMA49 

SMA5O 

SMA5 1 

S M k 6 2  

GRP33A 

SMA 5 2 

GRP36A 

GRP36B 

SMA53 

GRP37A 

G R P 3 7 B  

GRP37C 

GRP37D 

M E D I A N  

1 5 . 6 4 3  

9 , 5 8 3  

1 8 .  1 7 4  

7 . 6 1 4  

8 . 9 6 2  

1 0 . 6 2 3  

1 0 . 6 2 3  

1 1 . 7 4 0  

1 3 . 4 3 7  

1 6 . 7 1 0  

4 7 . 4 6 5  

1 5 . 5 3 4  

2 0 , 8 0 1  

24 .655 

2 . 5 8 8  

9 . 5 8 3  

1 8 .  1 7 4  

7 . 6 1 4  

9 .  1 9 8  

1 5 . 6 4 3  

3 .  1 0 8  

5 . 8 4 7  

2 .829 

7 .050  

7 . 1 4 2  

7 .980  

6 .693 

B E T A  

0 . 4 3 6  

0 . 8 1 8  

0 .  8 8 1  

0 .  7 1 0  

0 .  302 

0 . 2 5 7  

0 . 2 5 7  

0 . 2 0 1  

0 . 2 2 3  

0 , 3 2 5  

0 . 4 7 4  

0 . 3 6 1  

0 .275  

0 . 1 5 9  

1 . 5 1 0  

0 . 8 1 8  

0 . 8 8 1  

0 . 7 1 0  

0 . 2 0 1  

0 . 4 3 6  

0 . 3 6 0  

0 . 4 0 6  

0 .570 

0 . 2 7 1  

0 .677  

0 .  806 

0.302 

PARAM 

SP ACCEL G 

SP ACCEIL G 

S P  ACCEI- G 

S P  ACCEL G 

SP ACCEL G 

SP ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

Z PRD AC G 

S P  ACCEL G 

S P  ACCEI.. G 

S P  ACCEL G 

S P  ACCEL G 

SP ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

S P  ACCEL G 

SP ACCEL G 

S P  ACCEL G 

2 PD PI< AC 

SP ACCEL G 

SP ACCEL G 

S P  ACCEL G 

SP ACCEL G 

I c 
MODE 

E L E C l  R I  C 4 L  M A L F l J P l C T I B N  

H R E 4 K E R  l R l P  

L T R U C T U R A L  

R E L A Y  T R I P  

RELAY CHAT I ER 

LOOSEN I FIG O F  F A S T E N E R S  

B A S E  S T R I J C T U R A L  F A T  I GUE 

S I G N A L  D R I F T  

CONTACT CHATTER 

S E T  P a l N T  D R I F T  

E L E C T R I C A L  F U N C T I O N  

C H A T T E R  O F  CONTACTS 

S T R I I C T U R A L  ANCHOR I NG O F  CAB 1 NET B A S E  

STRIJCTURAL MOUNT I NG OF COMPONENT I N CAB I 
N E T  
RELAY C H A T T E R  

B R E A K E R  TR I P 

S T R U C T U R A L  

BREAKER TR 1 P 

D I S L i i f i G  I NG O F  A I R DUCT C L A N K 1  NG C L I  PS 

RELAY T R I P  

F A I L U R E  OF SUPPORTS 

RUPTURE O F  P A R T S  BETWEEN SUPPORTS 

CABLE S U P P O R T  SYSTEM 

CORbIER TEAR I NG 

SUPPORT F A  I L U R E  

JO I NT S E P A R T  I ON 

RUPTURE OF DUCT BETWEEN SUPPORTS 



1 
CATPID DES 

3 7 ,  0 DlJCT I PIG 

3 9 .  0 SIJ I TCI-NARD EOIJ I PMEN'T 

3 9 . 0  SW I TCHYARD EOCJ I PMENT 

39 .  0 S\J I TCHYC.RD E O U I  PMENT 

4 0 . 0  R E L A Y S  

4 0 . 0  R E L A Y S  

4 1  . 0 C I RCU I T B R E A K E R S  

4 1  . 0 C I  R C U l  T B R E A K E R S  

4 1 . 0 C I RCU I T B R E A K E R S  

4 1 , 0 C I RClJ I 1 BREAKERS 

4 1 . 0  C I R C U I T  BREAKERS 

4 1 . 0 C I RClJ 1 T B R E A K E R S  

4 8 . 0  RECOMB I PIERS 

4 9 . 0  CERAM I C I NSIJLATORS 

4 9 . 0  CERAM I C I NSIJLATORS 
h) 

IP IP 4 9 ,  0 CIFRAM I C I NSIJLATORS 

5 0 . 0  SPENT F U E L  RACKS 

GRPNU 

G R P 3 7 E  

G R P 3 9 A  

G R P 3 9 D  

G R P 3 9 C  

G R P 4 0 A  

S M A 4 5  

S M A 5 4  

S M A 5 5  

S M A 5 6  

S M A 5 7  

S M A 5 7  

S M A 5 8  

G R P 4 8 A  

G R P 4 9 A  

S M A 5 9  

SMA 6 3 

G R P 5 0 A  

MED I A N  

9 . 0 8 8  

0 . 7 6 6  

0 . 3 1 7  

0 . 9 1 4  

5 .669  

2 .588  

2 .588  

9 .583 

1 8 .  1 7 4  

9 .583  

9 .583  

1 8 . 1 7 4  

8 . 2 4 0  

0 I 332 

4 .998 

0 .200 

0 .276  

B E T A  

0 . 4 4 5  

0 . 5 1 7  

0 . 4 4 9  

0 . 6 1 0  

1 I 1 6 4  

1 . 5 1 0  

1 . 5 1 0  

0 . 8 1 8  

0 . 8 8 1  

0 . 8 1 8  

0 . 8 1 8  

0 . 8 8 1  

0.  1 4 4  

0 .807 

0 .353  

0 . 3 5 3  

0 . 4 7 1  

PARAM 

S P  ACCEL G 

2 PRD ACCE 

2 PRD ACCE 

2 PRD ACCE 

S P  A C C E L  G 

SP A C C E L  G 

SP A C C E L  G 

S P  ACCEL G 

SP A C C E L  G 

SP A C C E L  G 

SP A C C E L  G 

S P  A C C E L  G 

F L U B R  A C  G 

B A S E  ACCEL 

PK GD AC G 

PI< GD AC G 

FLUOR AC G 

MODE 

GReSS B E N D I N G  F I R M  

PORCEILA I N FRACTURE 

A B C I R C C J I T  BREAKER F A I L U R E  

H V T R P N S F B 3 l E R  STRUCTURAL F A 1  L U R E  

RELAY C I-I A T  T E R 

RELAY CHATTER 

R E L A Y  CHATTER 

RELAY TR I P 

STRUCTURAL 

BREAKER T R I P  

BREAKER T R I P  

STRUCTURAL 

P I P E  D E F U R M A T I U N  

FRACTURE UF P O R C E L A I N  I N S U L A T I O N  

FRACT UF I N S U L A T U R S  

FRACTURE UF I N S U L A T O R S  

D E S T R U C T l a N  O F  SHEAR CUNNECTIUN B E T W E E N  
MODULES 

d" 'L 



H. OPINION 

Table OPINION contains most elements of the expert opinion data used by the 
SSMRP in computing component fragilities. This table was structured for 
convenient input into program FRAGSTAT 
of data as follows: 

Column No. Column name 
2 

1 
8 

OPNO 

2 I DENT 

3 CAT 

6 

WEIGHT 

TEN 

FIFTY 

NINETY 

MODE 

Z Y E  

Integer 

Character 

Floating 

Floating 

Floating 

Floating 

Floating 

Character 

(Ref. 6 ) .  It consists of eight columns 

Con tents 

A unique number assigned to each 
expert opinion. 

A ten character code assigned to the 
expert to preserve anonymity. 

An integer identifying the generic 
category of component (see Table 
CATEGORY) . 
The subjective weighting factor 
applied to the data. 

The estimated 10th percentile 
probability of failure value of 
fragility parameter. 

The estimated 50th percentile 
probability of failure value of 
fragility parameter. 

The estimated 90th percentile 
probability of failure value of 
fragility parameter. 

A description of the failure mode. 
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O P I N I O N  

o r m  IOENT CAT WEIGHT TEN F I F T Y  N I N E T Y  PARAM MODE 

81 ND I NG OF CnI\ITROL CUIJS 1 
2 
3 

1 1 I500  2 .000  
3 .000  
3 .000 
0 .500  
2 , 0 0 0  

3 .000 
4 .000  

10.000 S P  A C C E L  G 
15.000 S P  A C C E L  G 
20.000 SP A C C E L  G 

1 ,500 
1 , 5 0 0  
1 .000 

D E F O l i M A I  IO1 I O r  GU I DE TIJBES 
FA I LIJRE 01’ C6RE SUI’I’CJI r STRUCTURE 
I N I F H I - F R C N L F  l3r-TWkFI.I I I ~ ~ V I N G  PARTS W ; T H I  

5 .000 
, O .  700 
2.500 

4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
1 6  
17 
18 

1,000 SP A C C E L  6 
7.000 S P  A C C E L  G 

10.000 S P  A C C F L  G 
12.000 S P  A C C E L  G 
0 .450  SP A C C E L  G 
0 .  SP A C C E L  G 
0 .760 S P  A C C F L  G ’  
5 .000  S P  A C C E L  G 

N U N I T  

’ I  GURAT 
I NSERT 

1 1 .  ti00 
1 . 5 0 0  
1 , 5 0 0  
1 . 5 U 0  
1 . 5 0 0  

2 .250  
2 .250  
2 .25u  
2 .250  
2 . 2 5 0  
2 .250  
2 . 2 5 0  
2 .250  
2 .250  

2 ,250  
1 ,500  
1 . 5 0 0  
1 .500 
0 .750 
0 .750 
0 .750 
0 .750  
0.750 
3.000 
3 .000 
3 .000 
1 .500  
1 .500  
2 .400  
2 .400  
0 . 7 5 0  
3 .000  
3 . 0 0 0  

1 .  500 

? .  250 

BINDING ut-- c ~ , N i i z e i C ~ t ~ r ~ s  . .  .- . 
D t l  UI?IIAI I OIJ irF G l l l  DF TI1I.I S 
FA I L U K E  OF COl7E SUPPt i I IT  STRUCTLJRE ‘ 

P L A S l  IC D I S T I I R T I O N  P r f - V L N T I F l b  F U L L  F 3 D  
F A I L  UHE OF SI< IRT A N r l i G R  D O L T S  

SLOW SCHCII  T I M E  OF ~ ~ ~ 1 N l i ~ I 3 1  RODS 
I. I k T I NG FUFI- AND D I Sl\!:l\\l\lti I NG CORE CBNF 

2 .000  
3 .000  
0 .330  
0 .  
0 . 3 9 0  
2.000 

L .  000 
3.000 
3 .000  
4 .950  
4 .500  
0 .  
3 .  000 
4 .000  
3 .000  
3 .000  
5 . 0 0 0  
7 .000  
1 , 5 0 0  
4 .500 
2 .000  
2 .000 
3 .000 
3 .000 
5 .000 
7.000 
2.000 
5 .000 
0 .  
0 .  
1 .500 
3 .000  
4 .000  
0 .  
0 .  
0 .  
1.200 
0 .  
0. 
2 .500 
4.000 
5 .000 
1 . 5 0 0  
1 .200 
2.400 
0 .  
0 .  
0. 
2 .000  

~ . 0 0 0  

3 .000  
4 .000  
0 .360  
2.000 
0.450 
3 .000  
5 .000  
3 .000  
4 .000  
4 .000  
6 .000  
6 .000  
0 .  
4 .000  
5 .000  
4 .000  
5 . 0 0 0  
7 .000 

10.000 
1.800 
6.000 
3 .000 
3.000 
4.000 
4.000 
7.000 

10.000 
3 .000  
8,000 
0 .  
0. 
3 .000 
5 .000 
7 .000 
0 .  
0 .  
0 .  
2.000 
0. 
0. 
3.000 
5 .000  
8 .000  
1 .800 
2 .000  
4 .000  
0 .  
0. 
0. 
3.000 

‘ I  ON 
‘ I  B N  1 

2 
2 8 .000 S P  A C C E L  G 

4 .000 S P  A C C E L  G 
5 .000  S P  A C C E L  G 

S P  A C C C L  G 
SP A C C E L  G 
S P  ACCEI.  G 

0 .  NOZZ ILOAUS 
6.000 SP A C C E L  G 
8 .000 S P  A C C E L  G 
5.000 5P A C C E L  G 
7 .000  FORCE 
9.000 A C C E L  

13 .000 SP A C C E L  G 
2 .500  SI’ A C C E L  G 
7 .500  S P  A C C E L  G 

4 .000  S P  A C C E L  G 
5 .  000 S P  A C C F L  G 
5.000 XALLOWAULE 

12.000 % A L L O W A B L E  
1 5 . 0 0 0  WALLOWABLE 
4.000 S P  A C C E L  G 

4 .000  SP ACCEL G 

- - . . . . . . . . . -. 
BUCKLING OF SKIRT 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

CZINNECI i t i ~  UErWEirr S ~ J P .  LEG AND S . G .  BODY FAILS 

STRESS I NTENSI ry A T  VESSEL SUPPORT 

F A I L U R E  OF S . G .  L E G  IMBCDI‘IENT I N  FLO,)R 
B l IC l i l .  I NG Of’  STCAM Cl:.PllIrtATOR L.CG 
BCICKI. 1 NG DI 1E. r 0  HOR I ZONTAL ACCEKELAT ON 

NOZZLE RUPTLJHF 

5 .000 
6 . 7 5 0  

10.000 

19 
20 
21 
2 .I 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
4 0  
41 
4 2 
43 
43 
45 
4 6  
47 
48 

FAILUKE OF S K ~ R T  ANCHOR BOLTS 
BUCKLI NG OF sic i t ?  r 
ATTACHED P I P E  F A I L U R E  DUE TO SUPPORT DEFORMATION 
NO2 Z L E S  
SUPPORTS 
TU@ I NG 
RUPTURE A T  PRIM.2RY I N 1  E T  OR O U T L E T  N U Z Z L E  
FA1 L U R E  O F  TUBES I N OIJNDLE 
FA I L U R E  A T  WEI-DEr) J G  I PITS, €SPEC I A L L Y  4 T  N O Z Z L E S  
DUCT I LE RUPTURE DlJE I O  IHPNGER/SNlJDI3EH F A  I L U R E  
ELBOW Ct31.1.APSF DUE TO t X r F S S  I VE FOHCC.3 
P I  P E  SIJPP”URT HUPTURC ul3 COLLAPSE 

O P E N I N G  A CRACK I N  A N  UNFLAWED P I P E  
SUPPORT F A I L U R E  

P I P E  Y I E L D l  NG 
CRACK P P U P A G A T I O N  R E S U L T I N G  I N  A S M A L L  L E A K  

F A I L . U R f  A T  CBNiJFCTlON OF SMPILL AND LARGE PIPE 

J U  I N T  LEAKAGE 
P I P E  SUPPORT RUPTURE 
P I P E  F A I L U R E  
Y I E L D  I NG 
SMALL L E A K  OR BRANCH CONNECT I O N S  BREAK I NG 
LARGE CRACK R C S U L T I N G  I N  L E A K  OR SEVERANCE 
RUf>TCIKE A T  NOZZLE- CB l lP l  DlJE TO SUPPORT F A I L ,  
FA1 L U R E  O F  P I  P E  SUPPORTS 
OVERSTRESS BF P IPE 
RUPTURE A T  N B Z Z L t / E Q U  I PMENT CUNNECTIONS 
F A I L U R E  OF CONNECTION A T  B U I L D I N G  I N T E R F A C E  
F A I L U R E  OF F I E L D  WEL.DS 
J8 I N T  LEAKAGE 
P 1 P E  SUPPORT R U P T l  IRE 
P I P E  F A I L U R E  
RUPTURE A T  N O Z Z L E  CBNN. DUE TU COMPONENT F A I L .  

EXCESS I VE PI PE D E m < r i n  r I ON 

RUPTIJRE A T  CONNECTIONS DUE T U  P I P E  OVERSTRESS 

A N C H ~ ~ R  BBL r F A  I LURE 

suppo~  r FA I LUKE CAUS I IJG LARGE DI SPLACEMENTS 

12.000 S P  A C C E L  G 
0 .  S P  A C C E L  G 
0. SP A C C E L  G 

3 
3 
3 

4 .  on0 ACCEL G 
6 .000  A C C E L  G 
8 .000 A C C E L  G 
0 .  SP A C C E L  G 
0 .  SP A C C E L  G 
0 .  S P  A C C E L  G 
2.400 MOMENT CAP 
0 .  S P  A C C E L  G 
0.  S P  A C C E L  G 

S P  A C C E L  G 
S P  A C C E L  G 
S P  A C C E L  G 

2 .  500 FlOl lENT 
4 .000  SP A C C E L  G 
8 .000  S P  A C C E L  G 
0 .  SP A C C E L  G 
0 .  S P  A C C E L  G 
0 .  S P  A C C E L  0 
4 . 0 0 0  SP A C C E L  G 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

2 .250 
2 .  250 
2.250 
3 .000  
3 .000 
3 .000 
2 . 2 5 0  
2 .250  
2 .250 
2 .250 
3 .000 
3 .  000 
2 .250  
2 .250  
2 .250 
2 .250  

49 
50 
5 1  
52 
53 
54 
55 
56 
57 
59 
59 
60 

5 ;  000 
7.000 

1 0 . 0 0 0  
3?0-104 I 9 1  5 
3 20 10 3 1 3 1 5 
3204011109 
3 2 0 3 Q 2 (I 3 02 
3? (:I I ‘3 2 0 3 02 
121)-1050236 
1 2 17 .’i 0 5 0 ? 3 6 
120.10sOr136 
320505 1 9 1 6 

4 
5 
5 
5 
5 



Y R c im 

1 CAT WEIGHT TEN F I F T Y  N I N E T Y  PARAM MODE OPNO I D E N T  

61 
62 
ti3 
6 e1 
65 
66 
67 
6 3  
6 9 

71 
72 
73 
74 

70 

75 
76 
77 
70 
79 
80 
81 
8% 
u 3 
0 .I 
85 
06 
87 
09 
9 0 
91 
92 
93  
9 .I 
95 
9 6 
97 
98 
Y c3 

100 
101 
102 
IO? 
1 0 4  
105 
106 
107 

109 
110 
1 1 1  
1 1 2  
113 
114 
115 
I16  

1 ne 

321701 I 1  16 
321EiO:JI I16 
32 I 150.1 k I i 7 

5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
G 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
9 
9 
IO 
IO 
10 
10 
1 1  
1 1  
12 
12 
13 
13 
14 
1 4  
14 
14 
1 4  
14 
14 
14 
I5 
15 
15 
15 
15 
15 
15 
15 
15 
16 
16 

17 I '-)(.)!5 1 rb'33 

16 
16 

2.250 
2.250 
0,750 
3. 000 
3.000 
3. noo 
3. on0 
2 . 2 5 0  
2.250 
2.250 
3.000 
3.000 
2 .  2!50 
3.000 
2.250 
2.250 
i. 500 
1 . 5 0 0  
1.300 
0. 750 
0.750 
0 . 7 5 0  
1.2ou 
I .  JOO 
2.250 
2,250 
2.250 
2.250 
3,000 
3.000 
1.500 
1.500 
1 , 5 0 0  
1 , 5 0 0  
2.250 
2.250 
2.250 
2.250 
2 . 2 5 0  
2.250 

L30 
2.750 
2.750 
2 ,  250 
3.000 
3.000 
3.000 
2.250 
2.250 
3.000 

$ :  g y  

3. oon 
3 .  nno 
3,000 
3.000 

3 . 0 0 0  
5.000 
1,500 

2.400 
I ,200 

0 
0 
2.000 
3.000 
5.000 
1 . 2 0 0  
2.100 
0 .  
1.500 
1.000 
1,500 
1.500 
2.300 
3.750 
0. 
0. 
0. 
1,900 
4.000 
1.500 
2.500 
8.000 
1.300 
1 I 500 
2.500 
2.500 
4.000 
2.000 
4.000 
0. 
0. 
0. 
1.500 
3,000 
1.500 
2.000 
0. 
I .  300 
1,500 
2.000 
0. 
0. 
0. 
0 .  
0. 
0 .  

50.000 

6 . 0 0 0  
9 ,000  

5. on0 

4,000 
G .  000 
1 , 6 0 0  
2,000 
4.000 
0. 
0. 
3.000 
4.000 
6.000 
2.000 
4.000 
0. 
2,400 
1.500 
2.000 
2.000 
3.000 
5.000 
0. 
0. 
0. 
2.720 
6.000 
2 I000 
3.000 

13.000 
-2.000 
3 . 0 0 0  
4 .000  
3 . 0 0 0  
5.000 
3 . 0 0 0  
5.000 
0.500 
0.500 
2.000 
2.000 
4 . 0 0 0  
2 . 0 0 0  - .  . . . 
2.500 
0. 
1.500 
2.000 
2.500 
0.500 
0.500 
2.000 
0. 
0. 
.O. 
80,000 
15 .,OOO 
20. no0 
12.000 

6. ono SP ACCFL Q 
8 000 S P  ACCEL 0 
2 '500 MOMENT 
4 O u O  XY ILD PI(:iPII.IT 
8 . 0 0 0  XYLD MciMNT 
0 sr ACCEL G - .  
0 .  S P  ACCEL G 
4 . 0 0 0  S P  ACCEL G 
6 .  000 S P  ACCEL G 
8 . 0 0 0  S P  ACCEL G 
4 . 0 0 0  % Y L D  MOMNT 
6 . 0 0 0  XYI-D MOMNT 
0 .  SP ACCEI- G 
12,000 XYLD MOIINT 
3.000 S P  ACCEL. G 
5.000 S P  ACCEL G 
3 . 0 0 0  S P  ACCEL G 
5.000 SP ACCEL G 
8 .000 S P  ACCEL G 
0 .  SP ACCEL G 
0 .  S P  ACCEL G 
0 .  SP ACCEL 0 
3.G00 FLCJOR AC Q 
8 . 0 0 0  FLOOR AC (3 
3.000 SP ACCEL G 
4.5UO SP ACCEL G 

20,000 PK A C C F L  G 
3.500 SP ACCEL G 
4 . 0 0 0  Z P D  PK AC 
8 .000  2 P D  PK AC 
6 .000 SP ACCEL G 
10,000 S P  ACCEL G 

0 .  S P  ACCEL G 
0 .  SP ACCEL G 
0 .  S P  ACCEL G 
4.000 ACCEL G 
8 . 0 0 0  ACCEL G 
2.5UO S P  ACCEL G 
3.000 S P  ACCEL G 
0 .  S P  ACCEL. G 
2.000 FURCE/MUMT 
2, 500 FURCE/I IOMT 

0 .  S P  ACCEL G 
0 .  SP ACCEL G 
0 .  S P  ACCEL G 
0 .  S P  ACCEL G 
0 .  S P  ACCEL G 
0 .  S P  ACCEI- G 

4.000 SP ACCEL G 
6.000 SP ACCEL G 

3 .000 FORCE/MOMT 

120. nod SP ACCEL G 
4o.nno sp ACCEL G 
4 o . 0 0 0  SP ACCEL. G 
1 8 . 0 0 0  S P  ACCEL G 

F A 1  LIJRE O F  P I P E  SCIPPDRTS 
OVFRSTRITSS OF P I  P E  
MOTIMENT A T  N O 7 Z l  ES 

F A I L L I R E  OF F I  ELI )  WEILDS 
SMPLL L E A K  
Y I E L D I N G  
RIJPTURE A T  NOZZI E CONN. DUE T U  SUPPORT F A I L .  
F A I L U R E  OF P I P E  SUPPORTS 
OVERSTRESS O F  P I P E  
F A  1 L U R E  O F  CBNNFC r 1 ON A T  B U I  L.D I NG I NTERFACE 
F A I L C I R E  O F  F I E L D  \ I F L D S  

S M A L L  L E A K  I N  V t S Y E I .  A T  N O Z Z L E  ATrACHMENT 
RC1P.rURE O F  ANCHOR I ' O L T S  
B U C K L I N G  O F  SIJPI-'OIIT S K I R T  BR LEGS 
RUPTURE OF ANCHUR B O L T S  
B U C K L I N G  O F  TANK \JALL 
TENS1 L E  RUP'TURE O F  TANK WALL 
GROSS STRClC.TI IRAL RlII:I;L_ I NG 
L O C A L  STRUCTUIRAL B U C K L  I NG 
F A T  I GlJE 
SUPPORT S Y S T E M  F A  I L U R E  ( B O L T S  1 

RUPTURE UF ANCI-IOI? POI . T S  
Y I E L D  I NG OF SrJPPORT SADDLES 
Sl RIJCTURAL F A  I I.I.IRE 
SUPPORT F A  I L W E  
F A I L t l R E  A T  COCII4ECTIUN TO B U I  L D I  NQ I N T E R F A C E  
F A  I L.URE A T  CfJl I rL  I NG 
F A I L U R E  O F  COIII ' IECTION TU SUPPURT L E O S  
B U C K L I N G  OF SUI 'PORT L E G  
R?IPTURE O F  CONI~IECT IONS TO SUPPORT S T R U T S  
TENS I L E  F A  I L U R E  OF SUI'PORT STRUTS 
F A I L U R E  O F  HOLD DGlJPJ B O L T S  
O V E R S T F E S S  A T  N O Z Z L E  

RUPTURE O F  ANCI-IOR R0LT.S 
RUPTURE O F  V E R T I C A L  I N T P K E  COLUMN 
I NTERNAL ROTOR SC I ZURE 
F A 1  LLIRE O F  SUPI'OII I STRUCTURE UR B U L T I  NG 
I NTEIIPIAI.. SE I  ZIJRF: DUE I O  LOSS OF F L U 1  D 

F A  I L U R E  O F  IIR I V E  SI<? I-T COIIPL I NOS 

FAI LIJRE OF I:ONI.IEC r I ON A r BIJI LDI PIG I NTERFACE 

PILPST I c DEF or;i IAT I I-IFI OF VESSEL NEAR SIJPPORT I. 

S~JPPORT FA I LURE ( m x r s  

ROTOR .>E I Z U R E  

I NTERNAL SEI z u m  or; iio r o R  

BREAK 01- HCII-D mwri I:~I_TS-SI IEAR PI NS 
HBI-D DOWN BOLTS r:)i;r/l,i< 
O V F R S T R L S S  A T  N O Z Z L E  

T l O N  
ROYOR S E I  ZCIRE 
SYSTCM I N I - E T ,  O U T L E T  N O Z Z L E  CBNPJEC 
ANCHOR B O L T  LO@SEN I I4G 
MALFUNCT 1 ON O F  S Y S l  TM V A L V E S  
STRUCTURAL F A 1  L U R t  
S l R U C T U R A L  F A I L U R E  
F A l l  lJRF OF STRUCTURAL MEMBERS 

ROYOR S E I  ZCIRE 
SYSTCM I N I - E T ,  O U T L E T  N O Z Z L E  CBNPJEC 
ANCHOR B O L T  LO@SEN I I4G 
MALFUNCT 1 ON O F  S Y S l  TM V A L V E S  
STRUCTURAL F A 1  L U R t  
S l R U C T U R A L  F A I L U R E  
F A 1  L U R E  OF STRUCTURAL MEMBERS 
STEM AND BONNET F A I I - U H E  

_uc. 

, . . . --I_--- . .. . . ~  , , _- -. 
~~ 
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1 
MCJDE OPNC, I DENT CAT \ . IEIGI iT T E N  F I F T Y  1'11 NETY PARAM 

117 
118 
119 
1 2n 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
13-1 
135 
132 
13 /  
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I. O P N O T E S  

Table OPNOTES contains additional information related to various expert 
opinions, such as the predominant frequencies related to the estimated 
spectral accelerations, Limitations in the application of the estimates, etc. 
It consists of four columns as follows: 

Column N o .  Column name X Y E  Con tents E 

1 L I N E  Integer A reference line number. 

4 

? I DENT Character A ten character code identifying the 
particular expert (see Table OPINION). 

CAT Integer An integer identifying the generic 
category of component (see Table 
CATEGORY) . 

NOTE Character The notes pertinent to the identified 
expert opinion. 

25 0 



BPNOTES 

L I N E  I D E N T  

1 3201031916 

10 4101022009 

13 3201 041 907 

21 3201012005 

26 3202002004 

32 320205 1 909 

38 320204 1 908 

42 3202071 91 3 

48 3202061 91 0 

54 3202022002 

60 320201 1108 

66 1303022601 

CAT NOTE 

1 

2 

2 

2 

2 

2 

PREDUM I NANT FREQUENC I ES l l t3DE # 1 ,3HZ; 
MODE #2,3 H Z ;  AND MODE 83, 5 H Z .  

PWR, A L L  MODES. 
F U N C T I O N A L  F A  I LURE 
A L L  MODES. F R A G I L I T Y  PARAMETER A C C E L E R A T I O N  
A T  CORE SUPPi3RT ATTACI-IPIENT 
TO REACTOR V i - S S E L .  

BWR, FUNCT I ONAL F A  I L U R E .  

MODES # l  , 3  H Z ;  r1013ES #2,3 H Z ;  EODES 8 

PRECENTILES I r i c L u n E  LOCA.  

PRED01.I I NANT FREQUENCY, 3 - 5  H Z ;  

ALL MOUES : P R E o w  1 PIANT FIEOIJENCY 

3,5 I i Z .  
A L L  MOD€S PRECEIJT I I.Z.5 I NCLUDE L O C A  
BWR,  ALL[_ l l G O E S ,  F l I l ' lC l -  I <:iP!b,l. F A  I L IJRE 
' A L L  MOUES 
k C E I - E R A T I  91'1 I t'lDlJCEn D I  SPIL\CFMENTS 
P R E I X M  I N.2t.IT FVFQl . l i~ : i~ lCY G I  \ / C i  I FOI-: MOi3E 
81 ONLY AND I T  IS ,?-IO H Z .  
BWR, A L L  I.lODES, 
FUNCT I B N A L  F/? I LIJRE A L L  MODES,  
POOL TYPE I?EP.CTr)? \I FL ( I - l n .  S O D I U M )  
PREDOMI PIANT FREOULI'I S,  ? l t lD i .  :i 1 - I +IZ 
MOUE #2-7.5 H Z  
MC3CIES #3  - - - 
P R E S S .  BOUND F A I L ;  A L L  MODES. 
A L L  MODES : PREII:IOM I NANT FREULIENC I E S ,  
MAHK I 1  9-15 HZ,MA?K I l l  3 - 5  H Z .  
MARK I I 8 I I I REFER TP, GE BWR C('IPITA1 N -  
MENTS PRESS BOUi-ID F A 1  L .  
A L L  MODES. 
PERCENT I L E S  I NCLIJDE E F F E C T S  OF A L L  LOCA , 
PREDOM I NANT FREOIICNCY 1 3 H Z  . 
P R E S S .  BOUND. F A  I L lJRE.  
PRESSUR I Z E R .  
B 9 T H  MODES PREDf lMlPIANT FREQUENCY, 
7 . 0  H Z .  
P E R C E N T I L E S  I N C L U D E  L d C A .  
PRESS,  BOCII'ID. F A I L ;  A L L  MODES. 
STEAM GENERA TOR 
A L L  MODES : FREDOM I I W N T  FREQIJENCY 7 .  5 HZ 
ALL MODES: V L R T I C A L  
D I R E C T I  ON ACCELERAT I ON 
P R E S S .  BOUPl9, F A I L ;  A L L  MBTIES. 

p i ? E m M  1 NINT rl?ErzuE!\li: I IIS : I~~,rni?.s # 1 1 o - 30 
MOPES # 2 t 7 I G l P  
MODES # 3 20-100 H Z .  
P R E S S .  F30IJiN. FA I L ; - A L L  
STEAFI GEFIERA-TOR. IA I :i MFI 

MODE # l  F4CTi)ES T l i f t  i Y  (S': FRbl.1 

A L L  MODES: , F~E~.l':~ll i 
A L L  PERCEN' I  I I-ES \ I  

STEAM GENERATOR ,ZLL MODES: 

PI?EDI)K I P I ? \ P l  r l:-rF,-l! IC:; i l ; , ( ,  1 

P R E S S .  R O C I I 4 ~ .  F,4 1 I 
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L I N E  I DENT 

70 3203032006 

77 130301 0502 

83 32040320 1 3 

86 3204041 91 5 

89 320401 1 109 

94 3204020302 

98 320505 1 91 6 

101 320501 1 1  10 

105 3205020303 

109 3205051916 

1 12 320601 0304 

116 3207012010 

119 3207021918 
121 3208021917 
123 323901 1 1  12 

126 
128 

131 

134 

137 

140 

143 
145 

3209011111 
3209021 91 9 

3210021 118 

3210031 119 

3211010301 

321201 191 1 

324901 191 2 
3215011302 

149 321301 1920 

C A T  

3 

3 

4 

4 

4 

4 

5 

5 

5 

6 

6 

7 

7 
8 
9 

9 
10 

10 

10 

1 1  

NOTE 

. 
12 BOTH llOl3ES, PREDOM I W N T  FREi l l  IENC I ES : 4, 5 H Z ,  

14 PERCENTILE:  50% O F  Y .  S .  
PERCENT1 L E :  50% OF Y ,  S .  
PERCENT I L E  : FACTO!? T I VIES SSE 

14 B0TH MODES : PREDG;? I iNP.idT FrF.1 II.IEPiCY, 3 H Z .  

PERCENTILES INCLUDE L U C A .  
13 PREDOM I IPIANT FRE:OII.-,.II:Y 4 . 5 H 7 , A L L  l ldDES,  
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t 

L I N E  

152 

158 

162 

168 

172 

175 
177 
179 

184 

189 

192 

195 

200 

205 

208 

21 3 

21 6 

22 1 

I DENT 

124802 

121 504 

32 

12 

32 

403 

40 1 

501 1302 

703200 1 

6031 116 

321701 1 1  16 
3 2 1 6 0 4 1  117 
1 1 16050201 

1316022602 

3216031922 

1216091804 

3216011102 

1117020202 

31 18021 106 

1118050203 

32 

32 

31 

8041 115 

801 1101 

8070403 

CAT 

14 

15 

15 

16 

16 

16 
16 
16 

16 

18 

18 

18 

NOTE 

P E R C E N T I L E  90 IS T E N T A T I V E  
P E R C E N T I L E :  FACTOR T I M E S  S S E  
PREDOMl NANT FREQUENCY > 3 3  H Z .  
FUR MODES # 1  .4ND #2. 
F A 1  LURE I N T H I S  MODE DEPENDS ON 
A S S O C I A T E D  P I P I N G  SYSTEM 
A L L  MODES: PREDOMINANT FREQUENCY R I G I D .  
P E R C E N T I L E S :  FACTOR T I M E S  S S E  
SPEC I F I ED LOADS 
A L L  MODES: FPEQUENCIES,  H B R I Z U N T A L  33 H Z .  
V E R T I C A L  1-33 H Z .  
PERCENTAGES PERCENT OF NOZZLE L O A D S .  
P E R C E N T I L E S  FOR MODE #3: FACTBR T I M E S  
S S E  L O A D S .  
A L L  MODES. PREDBMINANT FREQUENCY R I G I D .  
B A L L  V A L V E  W I T H  ACT!JP.TOR AND 
LOG I C CAB I NET 
PREDOM I NANT FREQUENCY > 1 5 H Z .  
TO R I G I D .  
PREDOMINANT FREQUENCY, R I G I D .  
PREDOMINANT FIIEQUENZY > 20 H Z .  
GATE AND GLOBE V A L V E S ,  
PREDOM I NANT FREQUENCY : MODE 
* l  ABOVE 33 HZ: MODE #2 8-20 H Z .  
MODE #3 ABOVE 2? H Z .  
PREDOMINANT FREQUENCY: 
MODE # l ,  10-20 HZ.  
MODE #2, 30-50 H Z .  
MBDE #3, 30-50HZ. 
A L L  MODES: PREDOMINANT 
FREQUENCIES 2-10 H Z .  
B U T T E R F L Y  V A L V E  PREDOMINANT FREQUENCY: 
R I G I D .  
PREDBMINANT FREQUENCY: 
MODE # l  V A L V E  ACTUATOR 27.7 H Z .  
MBDE " S P R I N G  MECHANISM 10-12 H Z .  
RUGGI-ES K L  I NGEMAN TR I P V A L V E .  
PREDBMINANT FREOUENCIES 
BOTH MBDES: R I G I D  
PREDOM I NANT FREQUENC I E S  ARE 20-30 HZ 
DAMPING IS 596 

AVERAGE 
CAPACITY 8 - 1 0  G ' S .  

P R E D ~ M I N A N T  FREQUENC 

PREDOMINANT FREQUENC 
GATE GLONE AND CHEC 

T 0  R I G I D  
PREDOMINANT FREQUENC 
MODE # l  25-50 H Z .  
MODE #2 > 50 H Z .  
MODE #3 > 50 H Z .  
PREDOM I NANT FREQCIENC 
FIBDE # 1  12 T B  15 HZ 
MODE #2 17 TO 21 HZ 
MODE # S  27 TO 35 HZ 

: R I G I D  A L L  MODES 

E S  ARE >20 H Z .  
V A L V E S .  

ES ARE 

E S  
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L I N E  

226 

I DENT 

1218081802 

CAT 

18 

NUTE 

PREDUMINANT FREQUENCY 1s 
> 40 H Z .  TU 140 H Z .  
GLUBE V A L U E  
PREDUMINANT F R E Q U E N C I E S  ARE 

n 
230 

233 

32 1904 192 1 

41 20042009 

19 

20 
> 33 H Z .  
PREDOMINANT RESPONSE F R E Q U E N C I E S :  
1ST M6DE 7 . 0  TU 2 0 . 6  H Z .  
2ND MUDE 8 . 3  TU 1 3 . 8  HZ.  
D I E S E L  GENERATURS. 
PREDUMINANT RESPONSE F R E Q U E N C I E S :  
D I E S E L  GENERATURS. 
PREDOM I NANT RESPONSE FREQlJEFlC I ES : 
D I E S E L  GENERATORS. 
PREDOMINANT FREQUENCY 1s >25 H Z .  
BATTERY RACKS 
PREDUMINANT FREQUENCY >15 H Z .  
DC POWER B A T T E R I E S .  
F R E Q U E N C I E S :  
S I D E  TU S l D E  6 -11  H Z .  
FRONT T U  BACK = 16-20 H Z .  
V E R T I C A L  = >OO H Z .  
26" W I D E  M E T A L C L A D  S W I T C H G E A R .  
FREQUENCY: 
H U R I Z U N A L  5 . 6  H Z .  1 0 . 6  H Z .  
1 6 . 5  H Z .  ( X I  AND 7 . 8  H Z .  2 2 . 9  H Z .  
( Y )  V E R T I C A L  = R I G I D .  
36" W I D E  M E T A L C L A D  SW 1,TCHGEAR. 
FREQUENC I ES : 
1ST MODE = 1 . 5 - 4 . 0  H Z .  
2ND MODE = 4 . 5 - 8 . 0  H Z .  
PREDUMINANT F R E Q U E N C I E S  FUR A L L  

RESPUNSE IS W I T H  D A M P I N G  UF 5 % 
POWER VAC M E T A L C L A D  S W I T C H G E A R .  
PREDOM I NANT FREQUENC I ES 
S I D E  TO S I D E  6 - 1 1  H Z .  
FRONT TO BACK = 16 - 20 H Z .  
V E R T I C A L  = > 30 HZ. 
FRAG I L I TY PARAMETER A T  F L U U R  
T B  TRANSFORMER I N T E R F A C E  
PREDBMINANT F R E Q U E N C I E S :  
CBOLER U N I T :  7 . 5 ,  7 . 7  H Z .  
I N T E R N A L  STRUCTURE:  7 . 2 ,  7 . 6  H Z  
HV P O R C E L A I N :  8 . 1  1 0 . 8  H Z .  

MODES' > 10 H Z .  
PREDOMINANT RESPUNSE FREQUENCY 
IS 21 HZ HVAC F A N S .  
PREDOMINANT F R E Q U E N C I E S :  
MPlDE #l R l G l D  

MODES >15  H Z .  

PREDUM I PI ~ N T  F R E O U ~ N C Y  FUR ALL 

>15 H Z .  

15 H Z .  

238 

24 1 

244 

247 

250 

3220051923 

3 2 z D O 1  1 1  1 4  

3221 04 1 923 

31 21 01 1902 

1322050602 

20 

20 

21 

21 

22 

41 22082008 22 0 

5 
7 

1322040601 
3222011103 

22 
39 

22 31 2203 1904 10 

1 4  22 1322060602 

20 3223021 105 39 

27 3223051 924 23 

30 321 9021 1 13 24 

33 3226022003 26 

M6DE X2 1 1  H Z .  
P E R C E N T I L E S  ,qRE FACTURS T I M E S  
S S E ,  I NSSRUM5NT R A C K S .  
PREDBM I NANT I<ESPONSE FREOCIENCY 39 1327O22001 27 
20-TB 33 H Z  

E 
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b 

t 

L I N E  1 DENT 

42 31 2601 1903 

50  

54 

59 

65 

69 

77 

82 

87 

90 

95 

98 

101 

107 

1 1 1  

3 127031 90 1 

313001 1107 

3130020401 

31 22031 904 

31 31 01 1904 

3236010305 

3237020306 

3236021 925 

21 37051 404 

323706 

323702 

6 1 3704 

926 

119 

20 1 

133701 0501 

3222021 104 

CAT 

27 

27 

30 

30 

31 

31 

36 

36 

36 

37 

37 

37 

37 

38 

39 

NUTE 
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L I NE I DENT CAT 

1 2 1 1 205040404 48 

127 415001 1120 50 

131 BLANK 1 

NOTE 

n 
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Table PIPE contains load scale factors for various pipe elements other than 
branches. , (See Table BRANCH for branch elements.) It consists of nine 
columns as 

4 Column No. 

1 

t 

5 

9 

follows: 

Column name 

LINE 

SIZE 

SCHED 

MAT 

TEMP 

ELBOW 

MITER 

RUN 

WELD 

E Y E  

Integer 

Floating 

Character 

Character 

Floating 

Floating 

Floating 

Floating 

Floating 

Contents 

A reference line number. 

The nominal pipe diameter (in.). 

The pipe schedule. 

Material: SS = Stainless Steel, 
CS = Carbon Steel. 

Temperature (OF). 

Scale factor for elbow. 

Scale factor for miter joint. 

Scale factor for pipe run. 

Scale factor for butt weld. 

6 
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P I P E  

L I N E  S I Z E  SCHED MAT TEMP ELBBW MITER RUN WELD 

1 
2 
3 

0.50 
0.75 
1.00 

8 
9 
10 
1 1  
12 
13 
14 
15 

2.00 
2.00 
3.00 
3.00 
3.00 
3.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

160 
160 
160 
160 
40 
160 
160 

40s 
140 
140 
140 

16 4.00 160 
17 4.00 160 
18 6.00 120 
19 6.00 40 
20 6.00 120 
21 6.00 160 
22 8.00 40 
23 8.00 40s 

300. 
300. 
300. 
300, 
500. 

492.00 
259.00 
138.00 
27.70 
107.00 
4.80 
4.93 
9.85 
6.24 
15.81 
17.65 
20.54 
3.35 
6.47 
7.72 
4.87 
5.97 
1 .27 
3.77 

0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0 .  
0 .  
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0 .  
0 .  

298 I 00 480.00 
157.00 254.00 
83.50 135.00 
43.50 27.00 
37.50 60.40 
3.85 6.19 
3.96 6.39 
5.95 9.62 
4.93 8.05 

5.69 9. 19 
6.60 10.63 
2.26 3.63 
3.27 5.27 
3.90 6.31 
2.83 4.57 
3.47 5.60 
0.76 1.24 
1.40 2.26 

5.12 8.25 

ss 
ss 
ss 
ss 
ss 
cs 
cs 
ss 
cs , 
ss 
ss 
ss 
cs 
ss 
ss 
ss 
ss 
cs cs 
CS 140. 1.30 0. 0.79 1.27 
cs 100. 0.86 0. 0.63 1.00 cs 100. 2.09 0. 0.71 1.15 ss 200. 3.92 0. 0.99 1.60 

24 8.00 405 SS 300. 4.36 0. 1 . 1 1  1.78 
25 8.00 40s SS 350. 4.47 0. 1.13 1.73 
26 8.00 40s SS 400. 4.58 0. 1.16 1.87 
27 8.00 40s SS 500. 5.04 0 .  1.28 2.05 
28 8.00 140 ss 535. 1.16 0. 0.57 0.92 
29 8.00 160 ss 535. 0.99 0. 0.54 0.87 
30 8.00 160 ss 595. 1.03 0. 0.56 0.91 
31 10.00 40 cs 100. 1.26 2.21 0 40 0.6s 
32 10.00 40s SS 400. 2.74 0. 0.65 1 .05 
33 10.00 160 ss 535. 0.51 0 .  0.27 0.44 
34 12.00 sw cs 100. 0.95 0. 0.27 0.44 
35 12.00 40s ss 200. 1 .78 0. 0.38 0.62 
36 12.00 40s SS 300. 1 .98 0. 0.43 0.69 
37 12.00 40s SS 500. 2.30 0. 0.50 0.80 
38 12.00 40 SS 400. 1.83 0. 0.42 0.67 
39 14.00 TN=.375 cs 100. 0.84 1.47 0.23 0.37 
40 14.00 40 cs 100. 0.64 0. 0.20 0.31 
41 114.00 40 SS 400. 1.42 0. 0.32 0.52 
42 14.00 160 SS 400. 0.23 0. 0.12 0.19 
43 14.00 160 ss 595. 0.26 0. 0.13 0.21 
44 16.00 120 CS 140. 0.11 0. 0.06 0.10 
45 16.00 120 CS 556. 0.14 0. 0.08 0.12 
46 18.00 SW cs 100. 0.59 0. 0.14 0.22 
47 18.00 SW ss 200. 1 . 1 1  0. 0. 19 0.30 
48 18.00 SW SS 300. 1.24 0. 0.21 0.34 
49 18.00 SW SS 500. 1.43 0. 0.24 0.39 
50 18 00 40 SS 400. 0.67 0. 0.15 0.24 
51 20.00 sw cs 100. 0.52 0. 0.11 0.18 
52 20 00 sw ss 200.  0.97 0 .  0.15 0 25 
53  20 00 sw SS 300. 1.07 0. 0.17 0.27 
54  20.00 sw SS 500. 1.24 0. 0.20 0.32 
55 20.00 TN = .5 cs 100. 0.32 0. 0.08 0.13 
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I 

4 

_- f'i 

LINE S I Z E  SCHED MAT TEMP ELBUW MITER RUN WELD 

56 2 4 . 0 0  SW cs 100. 0.40 0. 0.08 0.12 
57 27.50 TN =2.38 ss 535. 0.03 0. 0.01 0.02 
58 29.00 TN = 2.5 ss 595. 0.03 0. 0.01 0.02 

0.04 0.06 59 30.00 TN = . 5  cs 100. 0 . 1 8  0 .  
0.01 0.02 60 31 . O O  T N 1 2 . 6 6  SS 530. 0 . 0 2  0. 

61 36.00 TN = 5 cs 100. 0. 0.26 0.03 0.04 
62 4 8 . 0 0  TN=.625 cs 100. 0. 0.12 0.01 0.02 
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K. RESULTS 

Table RESULTS contains the descriptions of the fragility data for generic 
categories which result from certain groupings and subsequent reduction of 
expert opinions and other data as computed by program FRAGSTAT. It consists 
of eight columns of data as 

Column No. Column name 

1 RESNO 

2 CATNO 

WEAN 

NS IGMA 

LNMEAN 

6 LNS IGMA 

MEDIAN 

BETA 

- 

follows : 

2Y.E 

Character 

Floating 

Floating 

Floating 

Floating 

Floating 

Floating 

Floating 

;I Con tents 

An identifying code unique to this 
particular set of data. 

A floating point number unique to a 
particular description of generic 
category or component description 
(see Table CATEGORY). 

The statistical mean of the data 
assuming normal distribution. 

The standard deviation of the data 
assuming normal distribution. 

The statistical mean of t h e  natural 
logs of the data ( i . e . ,  assuming 
lognormal distribution). 

The standard deviation of the natural 
logs of the data (i.e., assuming 
lognormal distribution). 

The median of the data assuming 
lognormal distributions. 

Same as LNSIGMA, repeated for 
convenience in data extraction. 
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RESNU 

RES0 1 A 
RES02A 
RES02B 
RES02C 
RES02D 
RESO2E 
RES03A 
RES04A 
RES 05A 
RES 06A 
RES O7A 
RES 0 8A 
RES09A 
RES 1 OA 
RES1 1 A  
RES 1 2A 
RES 1 3A 
RES 14A 
RES 1 5A 
RES 198 
RES 1 6A 
RES 16R 
RES 1 7A 
RES 1 8A 
RES 1 9A 
RES20A 
RES2 1 A 
RES22A 
RES23A 
RES 2 4 A 
RES ;?(SA 
RES27A 
RES :3 0 A 
RES3 1 A 
RES :3 3 A 
RES :3 13 A 
RES37A 
R z :; :3 9A 
RES4OA 
R E S 4  1 A 
R c:s 4 3: ,, 
RES.49A 
RES 5 0 A 

CATNB 

1 . o  
2 . 1  
2 . 2  
2 . 3  
2 . 3  
2 . 3  
3 . 0  
4 . 0  
5 . 0  
6 . 0  
7 . 0  
8 . 0  
9 . 0  

1 0 . 0  
1 1  . o  
1 2 . 0  
1 3 . 0  
1 4 . 0  
1 5 . 0  
1 5 . 0  
1 6 . 0  
1 6 . 0  
1 7 . 0  
1 8 . 0  
19 .0  
2 0 . 0  
21 . o  
2 2 . 0  
2 3 . 0  
2 4 . 0  
2 6 . 0  
2 7 . 0  
30- 0 
31 .O 
3 3 . 0  
3 6 . 0  
3 7 . 0  
3 9 . 0  
4 0 . 0  
41 . o  
48.0  
49 .0  
5 0 . 0  

RESULTS 

NMEAN 

1.578 
3 . 8 3 5  
3 .197 
1 . 9 3 3  
5 . 0 0 0  

220.000 
1 . 5 1 5  
2 .038 
4 . 3 7 0  
1.908 

220.000 
2 . 6 2 6  
2 . 9 9 5  
2 .300 
4.464 
3 . 1 0 6  
4 . 8 3 2  
8 . 0 0 0  
8 .960 

11,193 
12 .598 
0 . 6 5 8  
2.486 
2 .61  0 
2 . 8 0 0  
2 . 2 8 8  
1 .631 

13.550 
7.747 
15.226 

9 . 4 0 0  
2 . 2 9 0  
4 . 3 2 2  
0 . 2 8 5  
5 . 7 0 0  
8 . 5 0 0  
8 .333 
0 . 3 9 5  
0.310 

NS I GMA 

2 .848 
1 .168 
1 .176 
0 . 4 2 3  
1 .562 
0.991 

89 .140 
89 .140 
89.140 
89 .140 

0 . 9 2 8  
0.619 
2 .645 
0 .668 

89.140 
1 .150 
0 .766 
1.154 
1.369 
0 .886 

2.347 
1 .200 

16.768 
4.613 
0 .228 
1.169 
1 .240 
1 .480 
0 .766 
1.107 
6 .430 
1.937 
S .  105 
1.938 
1.014 
2.578 
0 .214 
5 .770 
4.950 
1.241 
0 .282 
0 .142 

2.081 

LNMEAN 

0 . 7 2 1  
1 I344 
1 . 1 0 6  
0 . 6 3 7  
1 .551 
0 . 8 9 4  
5 . 3 1 0  
5 . 3 1 0  
5 . 3 1 0  
5 . 3 1 0  
0 . 3 7 8  
0 .700 
1.364 

5 . 3 1 0  
0 .971 
1 .054 
0 . 7 9 2  
1.462 
1 .  158 
1 .575 
2.029 
2 .190 
2 .523 
2 . 4 7 2  

- 0 . 4 3 0  
0 . 8 2 7  
0 . 8 4 6  
1.020 
0 . 8 0 6  
0 .  141 
2 .440 
2 .039 
2 . 6 6 2  
2 .219 
0 . 8 0 2  
1.378 

- 1 . 2 1 0  
1 .380 
2 . 0 3 0  
2 .109 

- 1 , 1 0 2  
- 1  , 2 8 8  

0 .  61-0 

LNS I GMA 

0 . 3 9 6  
0 . 2 3 0  
0 . 3 3 3  
0 . 2 0 8  
0 . 3 3 9  
0 , 2 6 3  
0 . 4 0 6  
0 . 4 0 6  
0 . 4 0 6  
0 . 4 0 6  
0 , 3 9 9  
0 . 2 5 4  
0 , 6 0 9  
0 . 2 7 5  
0 .406 
0 . 3 3 6  
0 . 2 6 9  
0 .307 
0 .340 
0 .337 
0.317 
0 .315 
0 .130 
0 .544 
0 .325 
0 .330 
0 . 4 1 8  
0 . 4 0 6  
0 . 3 2 7  
0 . 3 3 7  
0 . 7 5 9  
0 . 4 9 9  
0 . 2 0 3  
0 .291 
0 .201 
0 . 3 9 2  
0 .407 
0.416 
0 . 8 9 3  
0 . 7 1 0  
0 .  144 
0 . 8 0 7  
0 .471 

MED I AN 

2 . 0 5 6  
3 . 8 3 3  
3 . 0 2 2  
1 . 8 9 0  
4 . 7 1 8  
2 . 4 4 5  

201.000 
201.000 
201. OGO 
201.000 

1 . 4 5 9  
2 .013 
3 . 9 1 0  
1 . 8 4 1  

201.000 
2 . 6 4 0  
2 . 8 6 8  
2 . 2 0 7  
4 . 3 1 5  
3 . 1 8 5  
4 . 8 2 9  
7 .606 
8 . 9 0 0  

12 .466 
12 .078 
0 . 6 5 1  
2 .287 
2 .330 
2 .780 
2 . 2 3 8  
1 .  151 

1 1 . 4 6 0  
7 . 6 8 3  

14.331 
9 .  196 
2 . 2 2 9  
3 . 9 6 6  
0 . 2 9 8  
3 .990 
7 . 6 3 0  
8 . 2 4 3  
0 . 3 3 2  
0 . 2 7 6  

Y 

BETA 

0 . 3 9 6  
0 . 3 3 3  0 . 2 3 0  

0 . 2 0 8  
0 . 3 3 9  
0 . 2 6 3  
0 . 4 0 6  
0 . 1 0 6  
0 . 4 0 6  
0 . 4 0 6  
0 . 3 9 9  
0 . 2 5 4  
0 , 6 0 9  
0 . 2 7 5  
0 , 4 0 6  
0 . 3 3 6  
0 . 2 6 9  
0 . 3 8 7  
0 , 3 4 0  
0 . 3 3 7  
0 . 3 1  7 
0 . 3 1  5 
0 .  130 
0 . 5 4 4  
0 . 3 2 5  
0 . 3 3 0  0 . 4 1  8 

0 . 4 8 6  
0 . 3 2 7  
0 . 3 3 7  
0 . 7 5 9  
0 . 4 9 9  
0 . 2 0 3  
0 . 2 9 1  
0 . 2 0 1  
0 . 4 0 7  0 . 3 9 2  

0 . 4 1  6 
0 . 8 9 3  
0 . 7 1  0 
0 .  144 
0 . 8 0 7  
0 . 4 7 1  



L. SMADATA 

Table SMADATA contains fragility information derived from data presented in 
Ref. 4 .  The calculation of the values in this table is discussed in 
Sec. 3.2. It consists of eight columns as follows: 

Column No. Column name 

1 GRPNO 

2 CATNO 

3 

7 

8 

CAT 

NMEAN 

NSIGMA 

LNEAN 

LNS IGMA 

P A W  

Type 

Integer 

Floating 

Integer 

Floating 

Floating 

Floating 

Floating 

Character 

Con tents 
P 

A unique number assigned to each set 
of data in the table. 

A floating point number unique to a i 
particular category of component (see 
Table CATEGORY 1 . 
An integer unique to a Class Of 
generic components (see Table 
CATEGORY) . 
The statistical mean of the data 
assuming normal distribution. 

The standard deviation of the data 
assuming normal distribution. 

The statistical mean of the natural 
logs of the data (i.e.f assuming 
lognormal distribution). 

The standard deviation of the natural 
logs of the data (i.e.f assuming 
lognormal distribution) . 
The fragility parameter. 
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GRPNCI 

SMAO 1 
SMA02 
SMA04 
SMA05 
SMAO6 
SMA07 
SMAO8 
SMAO9 
SMA 10 
SMAl 1 
SMAl2 
SMA 1 3 
SMA 1 4 
SMA 1 5 
SMAl6 
SMAl7 
SMAl8 
SMA 19 
SMA20 
SMA2 1 
SMA22 
SMA23 
SMA24 
SMA25 
SMA26 
SMA27 
SMA28 
SMA29 
SMA30 
SMA3 1 
SMA32 
SMA33 

SMA35 
SMA36 
SMA37 
SMA38 
SMA39 
SMA40 
SMA4 1 
SMA42 
SMA43 
SMA44 
SMA45 
SMA46 
SMA47 
SMA 4 8 
SMA49 
SMA5O 
SMA5 1 
SMA52 
SMA 5 3 
SMA 5 4 
SMA55 
SMA56 

S M A ~  

CATNB C A T  

1 . o  
1 . 1  
2 . 3  
2 . 2  
7 . 0  
7 . 0  
8 . 0  
8 . 0  

1 0 . 0  
1 0 . 0  
1 1 . 0  
1 1 . 0  
1 2 . 0  
1 3 . 0  
1 5 . 0  
1 5 . 0  
1 5 . 0  
1 5 . 0  
1 5 . 0  

l d . 0  
1 6 . 0  
16 .  1 
1 6 . 0  
1 7 . 0  
1 8 . 2  
2 0 . 0  
2 0 . 0  
2 0 . 0  
2 0 . 0  
21 . o  
21 . o  
2 2 . 0  
2 2 . 0  
2 2 . 0  
2 3 . 0  
2 4 . 0  
2 4 . 0  
2 4 . 0  
2 6 . 0  
2 6 . 0  
2 6 . 0  
2 7 . 0  
4 0 . 0  
2 7 . 0  
2 7 . 0  
3 0 . 0  
31 . O  
31 . O  
31 . O  
3 5 . 0  
3 6 . 0  
41 . O  
41 . O  
41 . O  

1 2 , o  

1 
1 
2 
2 
7 
7 
8 
8 

10 
10 
1 1  
1 1  
12 
13 
15 
15 
15 
15 
15 
15 
15 
16 
16 
16 
17 
18 
20 
20 
20 
20 
21 
21 
22 
22 
22 
23 
24 
24 
24 
26 
26 
26 
27 
40 
27 
27 
30 
31 
31 
31 
35 
36 
41 
41 
41 

FIMEAN 

2 . 7 5  
6 . 0 0  
3 . 3 0  
2 . 0 0  

2 1 . 9 0  
7 . 9 0  
8 .  28 
3 . 6 0  
7 . 9 5  
7 . 2 0  
1 . 4 0  
1 . 4 0  
3 . 3 0  
3 .  48 
3 . 2 0  

11  . 7 0  
4 . 6 6  
7 . 1 9  
8 . 2 2  

3 9 . 6 0  
3 2 . 5 0  

7 . 5 6  
7 .  30 

4 3 . 8 0  
47 .  50 
4 7 , 5 0  

0 . 9 3  
1 . 9 6  
0 . 7 4  
8 . 9 1  

17 .  10 
5 . 2 5  

- 2 . 5 9  
9 . 6 3  

18.  30 
1 3 . 4 0  
2 . 7 4  
2 . 9 3  

1 1 . 9 0  
2 . 5 9  
9 . 6 3  

1 8 . 3 0  
1 5 . 7 0  
2 . 5 9  
9 . 6 3  

1 8 . 3 0  
4 7 . 3 0  

2 . 5 9  
9 . 6 3  

1 8 . 3 0  
1 5 . 7 0  
2 . 8 2  
2 . 5 9  
9 . 6 3  

18.  30 

SMADA TA 

NS I GMA 

0 . 8 1  
1 . 6 5  
1 . 7 5  
0 . 6 2  
6 . 9 5  
3 . 0 0  
0 .  25 
1 . 2 0  
3 . 3 2  
2 .  72 
0 . 5 9  
0 . 5 9  
1 . 1 1  
0 .  96 
0 . 8 8  
3 . 7 9  
1 . 5 0  
1 . 6 8  
2 .  15 
9 . 9 7  

1 0 . 3 3  
3 . 3 2  
2 .  06 

1 5 . 4 0  
1 6 . 9 0  
16.  70 
0 . 2 7  
0 . 5 7  
0 . 2 3  
3 . 5 0  
6 .  18 
1 . 6 0  
1 . 7 3  
4 . 8 8  
9 . 6 4  
4 . 2 5  
0 . 8 8  
0 . 9 5  
3 . 8 9  
1 . 7 3  
4 .  88 
9 . 6 4  
5 . 2 4  
1 . 7 3  
4 . 8 8  
9 . 6 4  

1 6 . 8 0  
1 . 7 3  
4 . 8 8  
9 . 6 4  
5 . 2 4  
1 .  1 4  
1 . 7 3  
4 .  88 
9 . 6 4  

LFIMEAN LNS I GMA PARAM 

1 . 0 1  
1 . 7 9  
1 . 1 9  
0 . 6 9  
3 . 0 9  
2 .  07 

- 0 . 1 9  
1 . 2 8  
2 . 0 7  
1 . 9 7  
0 . 3 4  
0 . 3 4  
1 . 1 9  
1 . 2 5  
1 .  16 
2 .  46 
1 . 5 4  
1 . 9 7  
2 .11  
3 . 6 8  
3 . 4 8  
2 . 0 2  
1 . 9 9  
3 . 7 8  
3 . 8 6  
3 . 8 6  

- 0 . 0 7  
0 . 6 7  

- 0 . 3 1  
2 . 1 9  
2 . 8 4  
1 . 6 6  
0 . 9 5  
2 . 2 6  
2 . 9 0  
2 . 5 9  
1 . 0 1  
1 . 0 8  
2 . 4 7  
0 . 9 5  
2 . 2 6  
2 . 9 0  
2 . 7 5  
0 . 9 5  
2 .  26 
2 . 9 0  
3 . 8 6  
0 . 9 5  
2 . 2 6  
2 . 9 0  
2 . 7 5  
1 . 0 4  
0 . 9 5  
2 .  26 
2 . 9 0  

0 . 3 7  
0 . 3 4  
0 . 4 4  
0 .  40  
0 .  41 
0 . 5 2  
0 . 3 9  
0 . 4 4  
0 .  60 
0 . 5 2  
0 . 6 0  
0 .  60 
0 . 4 4  
0 . 3 4  
0 . 3 4  
0 .  42 
0 .  41 
0 .  28 
0 .  32 
0 .  30 
0 . 4 1  
0 .  65 
0 . 3 5  
0 . 4 7  
0 . 4 7  
0 . 4 7  
0 . 3 5  
0 .  36 
0 . 4 0  
0 . 5 5  
0 .  48 
0 . 3 9  
1 . 5 1  
0 .  82 
0 . 8 8  
0 . 4 1  
0 . 4 1  
0 . 4 2  
0 .  42 
1 . 5 1  
0 . 8 2  
0 . 8 8  
0 . 4 4  
1 . 5 1  
0 .  82 
0 .  88 
0 . 4 7  
1 . 5 1  
0 . 8 2  
0 . 8 8  
0 . 4 4  
0 . 5 7  
1 . 5 1  
0 . 8 2  
0 . 8 8  

SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
PK GD A C  G 
PK GD A C  G 
SP ACCEL G 
PK ACCEL G 
PK GD A C  G 
PK OD A C  G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 

Z PEI7 A C  G 
Z PRU A C  G 
Z PED A C  G 

PK ACCEL G 
Z PD PK A C  
Z PD PK A C  
Z PD PK A C  
Z PD PK A C  
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP A C C E L  G 
SP ACCEL G 
SP ACCEL G 
SP .ACCEL r, 
SP Ar:C:EL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
Z PRD A C  G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
SP ACCEL G 
Z PD PK A C  
SP ACCEL G 
SP ACCEL C; 
SP ACCEL G 

z pix)  A C  G 

Z PRD A C  G 
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GRPNd CATNd CAT NMEAN N S I G M A  LNMEAN L N S  

41 . O  41 9 . 6 3  4 . 8 8  2 . 2 6  0 
1 8 . 3 0  9 . 6 4  2 . 9 0  0 S M A 5 7  

41 . O  41 
0 . 2 0  0 . 0 6  1 . 6 1  0 S M A 5 8  
9 . 8 4  5 . 5 6  2 . 2 9  0 

SMA59 4 9 . 0  49 
1 7 . 0  17 

8 . 5 0  4 . 9 5  2 . 0 3  0 SMASO 
8 . 5 0  4 . 9 5  2 . 0 3  0 

SMA6 1 2 8 . 0  28 
31 . O  31 

0 . 2 0  0 . 0 6  - 1 . 6 1  0 SMA62 
SMAG3 4 9 . 0  49  

GMA PARAM 

82 
88 
35 
65 
71 
71 
35 

SP ACCEL 0 
SP ACCEL G 
PK GD AC G 
Z PD PK AC 
S P  ACCEL G 
SP ACCEL G 
PK GD AC G 

i 
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7.0 COMPUTER FILES 

All of the files used in the data base and several useful data reduction and 
manipulation files have been grouped together into a file library in the LLNL 
Computer Center. This library permits easy storage, access, and maintenance 
of the files, and reduction or analysis of the data. Access information and 

the SSMRP at LLNL. 
3 explanations of the functions of the files in the library can be obtained from 

r 
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APPENDIX F 
DESCRIPTIONS OF CONTRIBUTORS TO FINAL 

ZION COMPONENT FRAGILITIES 

The f llowing documents the component fragilities as developed for -..e final 
Zion analysis and describes specifically the contributing data used to develop 
them. Not all of the fragilities presented here were actually used in the 
final analysis. The information presented here can be determined (except for 
the separation of random and modeling variability) from the Equipment 
Fragility Data Base Report (UCRL-53038, Rev. 1) (Appendix E in this report) 
but the process is rather cumbersome. The process used in making the 
separation of variability is documented in the final Zion report,* and it is 
not repeated here. 

In the actual development, whenever expert opinion was used it was in the form 
of percentile data, and whenever expert opinions and other data were combined 
using the program FRAGSTAT** the non-expert opinion data were converted to 
equivalent percentiles for input to the program. To avoid the confusion of 
mixing loth, 50th, and 90th percentile data with median and beta data, the 
equivalent median and beta are shown in each case. 

d 

4 

* M .  P. Bohn, et al., Application of the SSMRP Methodology to the Seismic 
Probabilistic Risk Analysis at the Zion Nuclear Power Plant, UCRL-53483 (1983). 

Fragility Data, Lawrence Livermore National Laboratory, Livermore, CA, 
** L. E. Cover, FRAGSTAT - A Computer Code for Analysis of Expert Opinion 

UCID-19146 (1982). 
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Component Fragilities Developed by the 
Seismic Safety Margins Research Program 

n 

Reactor Core Assembly 

Median = 2.06 
Beta (T) = .40 
Beta (R) = .24 
Beta (U) = .32 

Parameter = spectral acceleration (9) 
Frequency = 6 Hz 
Damping = 5% 

Predominant failure mode = deformation of guide tubes 

Five individual fragilities were combined for this category. 

source* Median Beta 

E.0. 3.92 .71 
5.65 .76 

E.O. 6.69 .82 
6.00 .24 

D.D. 2.75 .24 

E.O. 

D.D. 

Reference** 
OPNO GRPNO - 

1 
2 
3 

SMAO 1 
SMAO 2 

Reactor Pressure Vessel 

Median = 3.83 
Beta (T) = .45 
Beta (R) = .23 
Beta (U) = .39 

Parameter = spectral acceleration (4) 
Frequency = 5 Hz 
Damping = 5% 

Predominant failure mode = fracture of W V  outlet nozzle 

* E.O. = expert opinion 
D.D. = design data from NUReGICR-2405 
SG = SAFEGARD data from NUREGlCR-2405 

** These identifiers can be used to locate the specific data entries in the 
Equipment Fragility Data Base report (UCRL-53038, Rev. 1) (Appendix E ) .  Where 
more than one value of OPNO is given for one source, it means that expert 
opinions were combined as one failure mode. 
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Three individual fragilities were combined for this category. 

Source Beta - Median 

E.O. 4.16 .27 
E.O. 5.43 .29 
E.O. 6.46 .32 

Reference 
OPNO GRPNO 

20 
19 
17 

'i Pressurizer 

Median = 2.00 
Beta (T) = .40 
Beta (R) = .21 
Beta (U) = .34 

Parameter = spectral acceleration (9) 
Frequency = 18-22 Hz 
Damping = 5% 

Predominant failure mode = failure of support skirt bolting 

The source of this fragility is design data and it was calculated from 
capacities in NUREG/CR-2405 (GRPNO = SMA05). 

Steam Generator 

Median = 2.45 
Beta (T) = .44 
Beta (R) = .24 
Beta (U) = .37 

Parameter = spectral acceleration (9) 
Frequency = 5-8 Hz 
Damping = 5% 

Predominant failure mode = support failure 

Four individual fragilities were combined for this category. 

c 

0 

Source Median Beta - 
E.O. 3.91 .20 
E.O. 2.88 .28 
E.O. 8.20 .42 
D.D. 3.30 .44 

Ref e r ence 
OPNO GRPNO - 
14 
13 
26 & 28 

SMAO 4 
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Piping (Master Fragility) 

Median = 2.44 x lo6 
Beta (T) = .38 
Beta (R) = .18 
Beta (U) = .33 

parameter = Moment (in.-lb) 

Predominant failure mode = plastic collapse 

This fragility was derived from test data and analysis and was calculated from 
capacities in NUREG/CR-2405 (GRPNO = GRP03A). 

Large Vertical Vessels with Formed Heads 

Median = 1.46 
Beta (T) = . 4 0  
Beta (R) = .20 
Beta (U) = .35 

Parameter = zero period accleration (9) 
Frequency = assumed rigid with slosh 

Predominant failure mode = failure of anchor bolts 

Two individual fragilities were combined for this category. 

Ref e r ence 
' Source Median Beta OPNO GRPNO 

E .O. 1.65 .44 
E.O. 2.46 .54 

Large Vertical Tanks with Flat Bottoms 

Median = 2.01 
Beta (T) = .38 
Beta (R) = .25 
Beta (U) = .29  

Reference 
OPNO GRPNO Source Median - Beta - 

E.O. 2.08 .28 
E.O. 3.26 .31 
E.O. 5.31 .31 

77 
78 
79 

c. 
-3 

(" 

75 
76 

Parameter = zero period acceleration (9) 
Frequency = assumed rigid with slosh 

Predominant failure mode = fracture of anchor bolts 

Three individual fragilities were combined for this category. 
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Large Horizontal Vessels 

Median = 3.91 
Beta (T) = . 6 1  
Beta (R) = .30  
Beta (U) = .53 

Parameter = spectral acceleration (9) 
Frequency = 12-20 Hz 
Damping = 5% 

b 

Predominant failure mode = failure of anchor bolts 

TWO expert opinions were combined as one failure mode to develop this 
fragility (OPNO’s = 8 3  & 8 4 ) .  

Small Medium Vessels and Heat Exchangers 

Median = 1 . 8 4  
Beta (T) = .51 
Beta (R) = . 2 5  
Beta (U) = . 4 5  

Parameter = spectral acceleration (9) 
Frequency = 10-30 Hz 
Damping = 5% 

Predominant failure mode = failure of anchor bolts 

Four individual fragilities were combined in this category. 

Beta - Source Median 

E.O. 2.08 . 2 8  
E.O. 12 .77  . 3 6  
E.O. 2.60 . 4 5  
D.D. 7.92 .60 

Reactor Coolant Pump 

3 

Median = 2 .64  
Beta (T) = . 4 4  
Beta (R) = . 24  
Beta (U) = .37 

Parameter = spectral acceleration (9) 
Frequency = 5 Hz 
Damping = 5 %  

Predominant failure mode = support failure 
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OPNO GRPNO 

8 5  
a7 
86 & 89  

SMAl 0 



Three individual fragilities were combined for this category. 

Beta 

E.O. 3.56 .40 
E.O. 5.78 .41 
E.O. 3.29 .44 

source Median - 
Reference 

OPNO GRPNO - 
92  
93 

Large Vertical Pumps 

Median = 2.21 
Beta (T) = .39 
Beta (R) = -22 
Beta (U) = .32 

Parameter = spectral acceleration (9) 
Frequency = 5 Hz 
Damping = 5% 

Predominant failure mode = failure of support connections 

Two individual fragilities were combined €OK this category. 

SMAl4 

Beta source Median 

E.O. 2.29 .42 
E.O. 4.58 .42 

- 
Reference 

OPNO GRPNO - 
99 

100 

Motor Driven Pumps and Compressors 

Median = 3.19 
Beta (T) = .34 
Beta (R) = .21 
Beta (U) = .27 

Parameter = spectral acceleration (4) 
Frequency = 7 Hz 
Damping = 5% 

Predominant failure mode = impeller deflection 

Two individual fragilities were combined for this category. 

Source Median Beta 
_c_ 

D.D. 3.19 .34 
D.D. 11.70 .42 
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Reference 
OPNO GRPNO - 

SMA16 
SMA17 

n 



Large Motor Operated Valves (>4 in.) 

Median = 4.83 
Beta (T) = .65 
Beta (R) = .26 
Beta (U) = .60 

Parameter = piping peak acceleration (9) 
Frequency = rigid 

-2 

Predominant failure mode = distortion of extended operator t 

For a failure mode of "distortion of extended operator," seven individual 
fragilities were combined. 

c 

4 

Beta - Source Median 

E.O. 17.29 .28 
E.O. 10.59 .26 
E.O. 11.19 . 3 6  
E.O. 10.59 .48 
E.O. 7.03 .27 
S . G .  7.54 - 6 5  
D.D. 7.31 .35 

Large Motor Operated Valves (>4 in.) 

Median = 14.40 
Beta (T) = .63 
Beta (R) = .28 
Beta (U) = .56 

Parameter = piping peak acceleration (9) 
Frequency = 15 Hz 

Predominant failure mode = structural failure 

Reference 
OPNO GRPNO - 
12 4 
12 3 
125 & 121 
128 
12 9 

sMA2 3 
SMA2 4 

For a failure mode of "structural failure" one expert opinion was used 
(OPNO=114). This was the lowest (i.e., most conservative) structural failure 
estimate given by the experts. 

Large Hydraulic and Air Actuated Valves 

Median = 7.61 
Beta (T) = .46 
Beta (R) = .31 
Beta (U) = .34 

Parameter = piping peak acceleration (4) 
Frequency = rigid 

Predominant failure mode = loss of control air 
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One expert opinion (OPN0=122) was used for this category. 

Large Relief, Manual, and Check Valves 

Median = 8 .90  
Beta (T) = . 4 0  
Beta (R) = .20 
Beta (VI = -35 

Parameter = piping peak acceleration (9) 
Frequency = rigid 

Predominant failure mode = internal damage 

Three individual fragilities were combined for t h i s  category. 

Beta - Source Median 

E.O. 8 . 9 2  .13 
E.O. 12.70 .13 
S.G. 47.50 .47 

;, 

Ref e r ence 
OPNO GRPNO 

130 
131 

SMA2 6 

Misc. Small Valves 

Median = 12.50 
Beta (T) = .54 

Beta (U) = .43 
Beta (R)  = .33 

Parameter = piping peak acceleration (9) 
Frequency = rigid 

Predominant failure mode = internal damage 

Two individual fragilities were combined for this category. 
these utilized four different expert opinions in their development. 

Note that each of 

Beta Source Median - 
E.O. 16.00 .62 
E.O. 21.60 .71 

Small Motor Operated Valves (<4 in.) 

Median = 9 .84  
Beta (T) = .65 
Beta (R) = .26 
Beta (U) = .60 
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OPNO GRPNO - 

133, 135, 136, 137 
138, 139, 140, 141 



Parameter = piping peak acceleration (9) 
/ \  Frequency = rigid w Predominant failure mode = distortion of extended operator 

The source of this fragility is SAFEGARD data and it was calculated from 

fragility data base after publication of UCRL-53038, Rev. 1 (Appendix E ) .  
3 capacities in NUREG/CR-2405 (GRPNO=SMA60). Note: This GRPNO was added to the 

3 Horizontal Motors 

Median = 12.10 
Beta (T) = .41 
Beta (R) = .27 
Beta (U) = .31 

Parameter = zero period acceleration (9) 
Frequency = rigid 

Predominant failure mode = binding of rotating parts 

Two individual fragilities were combined for this category. 

4 

Beta - Source Median 

E.O. 12.40 .36 
E.O. 20.80 .28 

Generators 

Median = .65 
Beta (T) = .40 
Beta (R) = .25 
Beta (U) = .31 

Parameter = spectral acceleration (9) 
Frequency = 22 Hz 
Damping = 5% 

Reference 
OPNO GRPNO - 

Predominant failure mode = shutdown valve trip 

Eight individual fragilities were combined for this category. 

' \  

147 
148 

I 

Source Beta - 
E .O. 5.95 .44 
E.O. 5.95 .44 

E.O. 10.40 .28 

S.G. 1.96 .36 

E.O. 5.65 .4a 

S.G. .93 .35 

Reference 
- OPNO GRPNO 

149 & 150 
151 & 155 
153 
154 

SMA28 
SMA29 
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S.G. .74 
S .G. 8.94 

.40 

.55 

Battery Racks 

Median = 2.29 
Beta (T) = .SO 
Beta (R)  = .31 
Beta (U) = .39 

Parameter = zero period acceleration (9) 
Frequency = rigid 

Predominant failure mode = failure of battens 

Three individual fragilities were combined for this category. 

Beta - Source Median 

E .O. 2.30 .42 
E.O. 20.80 .28 
D.D. 17.10 .48 

sMA3 0 
SMA31 

n 

Ref e r enc e 
OPNO GRPNO 
I_ 

156 
159 

SMA3 2 

Switchgear 

Median = 2 . 3 3  
Beta (T) = .81 
Beta (R) = .47 
Beta (U) = .66 

parameter = spectral acceleration (9) 
Frequency = 5-10 Hz 
Damping = 5% 

Predominant failure mode = spurious operation of a protective relay 

Three expert opinions (OPNO's = 161, 165, 171) of the same failure mode were 
combined for this category. 

Dry Transformers 

Median = 2.78 
Beta (T) = .41 
Beta (R) = .28 
Beta (U) = .30 

Parameter = spectral acceleration (9) 
Frequency = 10 Hz 
Damping = 5% 
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predominant failure mode = failure of anchor bolts 

Three individual fragilities were combined for this category. 

i 

Source Median Beta 

E .O. 4.66 .50 
E.O. 9.53 .68 
E.O. 3.11 .35 

Ref e r ence 
OPNO GRPNO - 
178 
177 & 225 
176 

Air Handling Units 

Median = 2.24 
Beta (T) = .41 
Beta (R) = .27 
Beta (U) = .31 

Parameter = spectral acceleration (9) 
Frequency = 5 Hz 
Damping = 5% 

Predominant failure mode = rubbing of fan on housing 

Four individual fragilities were combined for this category. 

Beta - Source Median 

E.O. 6.22 .36 
S . G .  2.75 .41 
S .G. 2.94 .42 
S . G .  11.80 .42 

Instrument Racks and Panels 

Median = 1.15 
Beta (T) = .82 
Beta (R) = .48 
Beta (U) = .66 

L 

Parameter = spectral acceleration (9) 
Frequency = 5-10 Hz 
.Damping = 5% 

Predominant failure mode = relay chatter 

277 

Reference 
- OPNO GRPNO 

179 
SMA3 8 
5ma39 
SMA4 0 



Predominant f a i l u r e  mode = dislodging of components 

One expert opinion was used for t h i s  fragility (OPNO = 201). 

Communication Equipment 

Median = 5.00 
Beta (T) = .48 
Beta (R)  = . 3 3  
Beta (U) = .35 

Parameter = spectral acceleration (4) 
Frequency = 10-50 Hz 
Damping = 5% 

Predominant failure mode = dislodging of components 

Source: expert opinion. 

I nver ter s 

Median = 15.60 
Beta (T) = . 4 4  
Beta ( R )  = .26 
Beta (U) = . 3 5  

Parameter = spectral acceleration (9) 
Frequency = 5-10 Hz 
Damping = 5% 

Predominant failure mode = relay trip 

The source of this fragility is SAFEGARD data and it was calculated from 
capacities in NUREG/CR-2405 (GRPNO = SMA52). 

Cable Trays 

Median = 2.23 
Beta (T) = .39 
Beta (R) = . 3 4  
Beta (U) = .19 

Parameter = zero period acceleration (4) 
Frequency = rigid 

Predominant failure mode = support system failure 



9 

Three individual fragilities were combined for this category. 
f-, -1 

Beta - Source Median 

.36 
5.85 .41 

.57 

E.O. 3.11 

S.G. & D.D. 2.83 
3 E.O. 

Reference 
- OPNO GRPNO 

206 
207 

5ma53 

9 Ducting 

Median = 3.97 
Beta (T) = . 5 4  
Beta ( R )  = .29 
Beta (U) = . 4 6  

Parameter = spectral acceleration (9) 
Frequency = 5-10 Hz 
Damping = 7% 

Predominant failure mode = structural failure 

Five individual fragilities were combined for this category. 

Source Median Beta - 
E.O. 7.05 .27 
E.O. 7.14 .68 
E.O. 7.98 .81 
E.O. 6.79 .30 

9.09 . 4 4  E.O. 

Hydraulic Snubbers and Pipe Supports 

Median = 1.46 
Beta (T) = .54 
Beta (R) = .22 
Beta (U) = .49 

Parameter = rated load 

Predominant failure mode = weld failure 

Source: expert opinion. 

Relays 

Median = 4.00 
Beta (T) = .89 
Beta (R) = .48 
Beta (U) = .75 

Reference 
- OPNO GRPNO 

208 
209, 211, 214 
210, 213 

212 
215 

281 



Parameter = spectral acceleration (9) 
Frequency = 5-10 Hz 
Damping = 5% 

Predominant failure mode = relay chatter 

Two individual fragilities were combined for this category. 

Reference 
GRPNO 
L__ 

Beta OPNO Source Median - 
E.O. 5.67 1.16 
S.G. 2.59 1.51 

Circuit Breakers 

Median = 7.63 
Beta (T) = 
Beta (R) = 
Beta (VI = 

Parameter = 
Frequency = 
Damping = 

Predominant 

.88 

.48 

.74 

spectral acceleration (9) 
5-10 Hz 
5% 

failure mode = breaker trip 

182 
sMA4 5 

Two individual fragilities were combined for this category. 

Reference 
OPNO GRPNO Source Median - Beta - 

S .G. 9.58 .82 
S.G. 18.17 .88 

Ceramic Insulators 

Median = .20 
Beta (T) = .35 
Beta (R) = .25 
Beta (U) = .25 

Parameter = peak ground acceleration (9) 
Frequency = 2-8 Hz 
Damping = 5% 

sMA55 
SMA56 

Predominant failure mode = fracture of porcelain 

The source of this fragility is expert opinion verified by actual earthquake 
data (GRPNO = SMA63). 

mD/y h/d 1 k 
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