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APPENDIX 
QUALITY ASSURANCE 

L.1 BACKGROUND 

Embedded in the SSHAC PSHA process described in NUREG/CR-6372 (Recommendations for 
Probabilistic Seismic Hazard Analysis: Guidance on Uncertainty and Use of Experts) and 
ANSI/ANS-2.29-2008 (Probabilistic Seismic Hazard Analysis) is “participatory peer review,” 
defined as both process and technical review of the PSHA starting at an early stage and 
continuing through the life of a project. Participatory peer review is a fundamental element of 
ensuring the quality of the resulting PSHA product. Both ANSI/ANS-2.29-2008 and ANSI/ANS-
2.27-2008 (Criteria for Investigation of Nuclear Facility Sites for Seismic Hazard Assessments) 
were developed to be consistent with ANSI/ASME NQA-1-2008 (Quality Assurance 
Requirements for Nuclear Facility Applications). Hence, for a regional study such as the Central 
and Eastern United States (CEUS) Seismic Source Characterization (SSC) for Nuclear Facilities 
Project, following the guidance contained in NUREG/CR-6372, ANSI/ANS-2.29-2008, and 
ANSI/ANS-2.27-2008 will result in adequate products and output. Site-specific assessments that 
start with a Level 3 or 4 regional model and perform a Level 2 refinement for site-specific 
applications will also need to comply with specific requirements in ASME NQA-1-2008 Parts I 
and II.  

Within the SSHAC hazard assessment framework, a traditional verification and validation 
(V&V) program is limited to specific numerical tools, such as the software used to perform the 
PSHA calculations. A quality or “cross-check” protocol may also be used to ensure the accuracy 
of compiled tables, data sets, and other project products. However, it is not possible to apply a 
V&V program to the SSHAC process itself. Similarly, it does not make sense to impose a 
restriction on the use of data for cases where a formal quality assurance program for the 
collection of field data outside of the project cannot be verified (e.g., if a quality control program 
cannot be verified for a USGS or university data set). The rejection of data sets in these cases 
could seriously diminish, instead of enhance, the process. This is because a key part of a SSHAC 
Level 3 or 4 process is the evaluation of data by the evaluator experts. Therefore, the evaluator 
experts are able to make an informed assessment of the quality of various data sets, whether or 
not those data were gathered within a formal quality program. This does not mean, however, that 
nonqualified data used in a SSHAC process can be considered qualified after their use in the 
process. 
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Within the SSHAC hazard assessment framework, the collection and evaluation of existing 
scientific information is performed with the aim of ascertaining the current state of knowledge 
regarding a specific issue. The majority of existing information that may be used in a SSHAC 
Level 3 or 4 PSHA will have been published in some fashion previously. Moreover, the data, 
methods, and models considered and used will also undergo what effectively constitutes peer 
review by the TI Team, which is likely to be at least as rigorous as that conducted for journal 
publication. Thus, that information has been reviewed and “vetted” by the broad technical 
community. The systematic compilation of all pertinent information from the scientific literature 
(including specialized journals, technical reports, conference proceedings) or other relevant 
sources of information (e.g., databases of scientific data, historical or archival documents) is a 
vital element in a SSHAC PSHA study. In addition, in some cases, nontraditional types of data 
that may be beneficial to the project may be available. It is important that data not be dismissed 
without appropriate consideration, particularly in regions where data may be scarce. 

Beyond the assurance of quality arising from that external scientific review process, a 
fundamental component of the SSHAC process is the evaluation of the data, models, and 
methods by the evaluator experts as a means of establishing the quality, relevance, technical 
basis, and uncertainties. Further, in the integration stage of the SSHAC assessment process, the 
TI team or evaluator experts build models and apply weights to elements of the model based on 
due consideration of the technical support for various models and methods proposed by the 
technical community. Therefore, it is the collective, informed judgment of the TI Team (via the 
process of data evaluation and model integration) and the concurrence of the PPRP (via the 
process of participatory peer review), as well as adherence to the national standards described 
above, that ultimately lead to the assurance of quality in the process followed and in the products 
resulting from the SSHAC hazard assessment framework. 

L.2 CEUS SSC PROJECT 

L.2.1 Introduction 

The TI Team, Project Manager, and Sponsors determined the approach for quality control for the 
CEUS SSC Project in 2008, taking into account the SSHAC assessment process and national 
standards described above. The approach was documented in the CEUS SSC Project Plan, dated 
June 2008. The technical assessments made as part of the CEUS SSC entailed the use of a wide 
range of databases, including those that have been subject to peer review in the professional 
literature, those that have been gathered for scholarly research, and those that have been 
developed for site-specific commercial application. In creating the CEUS SSC model, the TI 
Team had extensive interactions with the technical community about identifying data, evaluating 
alternative hypotheses, and collecting feedback regarding all assessments. These interactions 
helped ensure a high level of review for the TI Team’s technical assessments.  

A participatory peer review process was used for both the technical and process elements of the 
project. This process provides high confidence that the project assessments and results will be 
accepted by the technical community. The level of assurance exceeds that associated with 
publication in a peer-reviewed technical journal. In addition to the peer review process that is 
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afforded by the SSHAC Level 3 process, certain other activities were conducted as best business 
practices. These activities are described below. 

L.3 BEST BUSINESS PRACTICES 

L.3.1 General 

A hazard input document (HID) was developed that documents and summarizes the key 
elements of the SSC model, including logic trees, parameter distributions, and derived Mmax 
and recurrence parameters. The HID specifies the exact inputs provided by the SSC model to the 
hazard calculations and thus provides a clear record of how the SSC model is translated into 
hazard calculations. As discussed in Task 2 of the CEUS SSC Project Plan, “Develop a 
Database,” the management and documentation of the data were done in accordance with a data 
management procedure developed specifically for this project. As part of Task 7 of the Project 
Plan, “Construct a Preliminary SSC Model,” new computer codes were developed for estimating 
seismicity rates and b-values. These computer codes were documented and are available as part 
of project documentation on the CEUS SSC Project website. All hazard calculations were 
conducted using software that had been previously qualified in accordance with 10 CFR 50, 
Appendix B (Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing 
Plants) requirements. Also, an internal documentation package was prepared to archive the 
hazard calculations. The results for seven test sites were documented as example calculations in 
Chapter 8 of the main project report. 

L.4 CEUS SSC EARTHQUAKE CATALOG DEVELOPMENT 

L.4.1 External Review of Earthquake Catalog 

The initial earthquake catalog assembled for the project was submitted for external review by 
seismologists familiar with compiling and analyzing earthquake data in the CEUS. The 
reviewers are listed as follows: 

� Charles Mueller and Margaret Hopper (U.S. Geological Survey) 

� John Ebel (Boston College) 

� Martin Chapman (Virginia Tech) 

� Pradeep Talwani (University of South Carolina) 

� Don Stevenson (Savannah River Nuclear Solutions, LLC) 

� James Marrone (Bechtel) 

These reviewers provided recommendations for additional sources of data and for treatment of 
the data from various catalog sources; they also provided specific recommendations on 
individual earthquakes. These recommendations were considered in developing the final project 
catalog. 
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L.4.2 Simulation Testing 

A series of simulation tests were performed to verify a number of processes used in the 
development of the earthquake catalog, including the following: 

� Verifying no adverse effect from rounding magnitudes reported in various catalogs to one 
decimal place when testing for differences in magnitudes from separate sources. 

� Verifying the relationships developed by EPRI (1988) for developing uniform magnitude 
estimates, adjusting for bias in earthquake recurrence parameters due to magnitude 
uncertainty. 

� Assessing the impact of catalog incompleteness on estimating earthquake recurrence 
parameters from uncertain magnitudes. 

� Developing an improved method of correcting for bias in earthquake recurrence parameters 
from uncertain magnitudes and partially complete earthquake catalogs. 

L.4.3 Checks for Consistency in Magnitude Conversion from Intensity 

Because a large part of the earthquake catalog contains pre-instrumental earthquakes, 
relationships are needed to estimate earthquake magnitude from the reported level of shaking 
intensity. In past studies, the body-wave-magnitude scale has been used, and relationships have 
been developed to estimate body-wave magnitude from maximum shaking intensity in order to 
use the pre-instrumental earthquake data. However, the CEUS SSC Project earthquake catalog 
uses the moment magnitude scale as the uniform measure of earthquake size. As part of the 
catalog development, assessments were performed to ensure consistency between conversions 
from intensity to moment magnitude and conversions from intensity to body-wave magnitude, 
and consistency between body-wave magnitude and moment magnitude. 

L.4.4 Use of Verified Computer Programs 

Two principal computer programs were used in the development of the earthquake catalog: 
EQCLUST, which was used to identify dependent earthquakes, and EQPARAM, which was 
used to estimate earthquake catalog completeness. Both programs were checked as part of the 
verification process of the EPRI-SOG set of computer programs (EPRI, 1988). 

L.5 RECURRENCE ANALYSIS AND SPATIAL SMOOTHING 

L.5.1 Introduction 

The recurrence parameters (i.e., rate and b-value) were calculated using penalized-likelihood 
formulation that allows for spatial variation in the rate and b-value and also quantifies the 
uncertainty in these parameters. The methodology divides the source zones into cells of 
dimensions a quarter- or half-degree and then calculates the rate and b-value in each cell using 
the likelihood function of the data in that cell, together with penalty functions that tend to smooth 

L-4



the cell-to-cell variation in the rate or the b-value. In addition, this procedure characterizes 
epistemic uncertainty in the recurrence parameters by generating eight alternative maps of the 
recurrence parameters. The following is a partial list of the tests and confirmation steps that were 
performed to ensure that the methodology was adequate for the desired purpose and that it was 
properly implemented in the software.  

L.5.2 Recurrence Comparisons at the Source-Zone Level 

The recurrence comparisons presented in Sections 6.4.2 and 7.5.2 compare the cumulative 
earthquake counts over an entire source zone, as predicted by the methodology, to the 
corresponding counts as observed in the catalog. These comparisons provide a consistency check 
for the methodology and its implementation in the software because the penalized-likelihood 
formulation operates at the level of each individual cell without explicitly considering the total 
rates. These comparisons indicate a good match to the catalog, after taking into account the error 
bars introduced by the size of the catalog. 

L.5.3 Recurrence Comparisons for Portions of a Source Zone 

Similar comparisons were performed for interesting portions of certain source zones, as 
presented in Section 5.3.2.3. These comparisons also indicate a good match to the catalog at 
these smaller spatial scales, after taking into account the error bars introduced by the size of the 
catalog. 

L.5.4 Examination of Recurrence Maps 

Maps were generated for the mean rates and b-values and associated uncertainties, as well as for 
the eight realizations of the recurrence parameters for each zone. These maps are presented in 
Sections 6.4.2 and 7.5.2 and Appendix J. All maps were examined to verify that the recurrence 
parameters were reasonable. 

L.5.5 Test with a Synthetic Catalog Homogeneous Seismicity 

The purpose of this test was to confirm that the methodology does not interpret chance variations 
in activity as spatial variations in rate and/or b-value. A synthetic catalog was generated, under 
the assumption of a spatially homogeneous rate, a b-value of 1, Poisson occurrences, and 
independent earthquake locations. The rate and duration were selected so that the mean number 
of earthquakes per cell was comparable to that of the Midcontinent source zone (approximately 
one event for every three cells). Calculations were performed for one rectangular source zone of 
dimensions 5 degrees by 5 degrees (containing 100 half-degree cells), using objective smoothing 
and unit weights for all magnitude bins. The methodology produced homogeneous rates and b-
values, and these values were consistent with those used to generate the synthetic catalog. This 
confirms that the spatial variations detected by the program are not due to chance variations 
resulting from the limited duration of the catalog. 
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L.5.6 Test for the Adequacy of Eight Maps to Represent Epistemic Uncertainty 

The purpose of this test was to verify that the eight alternative maps provide an adequate 
representation of the epistemic uncertainty in recurrence parameters. Two separate sets of eight 
alternative maps were generated for the Northern Appalachian source zone using different values 
of the seed for the Latin hypercube randomization algorithm, and then hazard calculations were 
performed. The two sets of hazard calculations produced consistent results, demonstrating that 
the eight alternative maps provide an adequate representation of epistemic uncertainty in hazard. 

L.6 HAZARD CALCULATION SOFTWARE 

L.6.1 Introduction 

Modifications were required to the software that had been previously qualified in accordance 
with Appendix B of 10 CFR 50; these modifications were necessary to accommodate new 
elements in the source characterization. The modifications were checked by performing a 
number of tests that exercise the modified features of the software. This was done by comparing 
the results obtained with the new feature to either the equivalent results obtained with the 
qualified features of the software or the results from independent calculations. A brief summary 
of these tests is provided below. 

L.6.2 Test for the Treatment of Variable b 

Calculations were performed for a source zone with variable b and for an equivalent problem 
where each cell is modeled as a separate source zone with constant rate and b. This test showed 
consistent results. 

L.6.3 Test for the Treatment of Dipping Ruptures Within a Source Zone 

Calculations were performed for a number of options regarding dip, orientation, and behavior at 
boundaries. These tests showed consistent results. 

L.6.4 Tests for Treatment of Epistemic Uncertainty from Sources that Make Small 
Contribution to Hazard 

For the sake of efficiency, a new approach was developed to introduce “pinch points” in the 
portion of the logic tree associated with sources that make small contributions to total hazard. 
This approach was tested by comparing fractiles hazard curves with and without this pinch point, 
showing consistent results. 
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