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2.6.2.2 Seismic Source Zones

Geologic, tectonic, and seismic evidence indicates that three seismic source zones may be used
to adequately characterize the region. These are well approximated by the Basin and Range
subregion, the Permian Basin subregion exclusive of the Central Basin Platform, and the Central
Basin Platform itself. Specific boundaries are taken from a 1976 study by Algermissen and
Perkins (1976) of earthquake risks throughout the United States. Additional details on this study
are in CCA Appendix GCR, Section 5.3.2.

Site region seismic source zones are shown in Figure 2-4858. Superposed on these zones are the
earthquake epicenters of Figure 2-4757. The zonation presented generally conforms with
historical seismicity. The source zonation of Figure 2-4858 has no explicit analog to the Permian
Basin subregion exclusive of the Central Basin Platform. This is considered part of the broad
background region.

For the purposes of this study, some minor modifications of the Algermissen and Perkins (71976)
source zones were made. Geologic and tectonic evidence suggests that the physiographic
boundary between the Basin and Range and Great Plains provinces provides a good and
conservative approximation of the source zones (CCA Appendix GCR). In addition, information
from the Kermit seismic array (Appendix to Rogers and Malkiel 1979) indicates that the
geometry used to model the limits of the Central Basin Platform source zone may be modified
somewhat from the original analogous Algermissen and Perkins (1976) zone. These
modifications are shown in Figure 2-4959 and constitute the preferred model for the WIPP site
region seismic source zones in this study. This model is preferred because it more completely
considers geologic and tectonic information, as well as seismic data, and because it results in a
more realistic development of risks at the WIPP facility.

With regard to earthquake focal depth, there is little doubt that the focal depths of earthquakes in
the WIPP facility region should be considered shallow. Early instrumental locations were
achieved using an arc intersection method employing travel-time-distance curves calculated from
a given crustal model, and the assumption of focal depths of 5 km (3.1 mi), 10 km (6.2 mi), or,
for later calculations, 8 km (5 mi). Good epicentral locations could generally be obtained under
these assumptions. For conservatism, a focal depth of 5 km (3.1 mi) is used in all source zones
of this study including that of the site. For smaller hypocentral distances, the form of the

attenuation law adopted here severely exaggerates the importance of small, close shocks in the
estimation of probabilistic acceleration at the WIPP site. Additional discussion is included

this-applieation in ChapterS-of CCA Appendix GCR, Chapter 5.

2.6.2.3 Source Zone Recurrence Formulas and Maximum Magnitudes

The risk calculation procedure used in this study requires that earthquake recurrence rates for
each seismic source zone be specified. This is done formally by computing the constants a and b
in the equation

logN=a-bM, (2.4)
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Figure 2-4858. Seismic Source Zones

where N is the number of earthquakes of magnitude greater than or equal to M within a specified
area occurring during a specified period.

For the WIPP facility region, three formulas of this type are needed: one for the province west
and southwest of the site (the Basin and Range subregion or Rio Grande Rift source zone),
another for the province of the WIPP facility exclusive of the Central Basin Platform (the
Permian Basin subregion or background source zone), and a final one for the Central Basin
Platform. In practice, the difficulties in finding meaningful recurrence formulas for such small
areas in a region of low historical earthquake activity are formidable.
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The formulas have been determined to be

e log N=12.43-Mcorr Site source zone (background) (2.5)
e log N =3.25- Mcorr Basin and Range subregion (2.6)
e log N=3.19-0.9 Mcorr Central Basin Platform (2.7)

The rationale for their development and the relationship used to determine Mcogrr can be found
in CCA Appendix GCR, Section 5.3.

2.6.2.4 Design Basis Earthquake

The term Design Basis Earthquake (DBE) is used for the design of surface confinement
structures and components at the WIPP facility. As used here, the DBE is equivalent to the
design earthquake used in Regulatory Guide 3.24 (Nuclear Regulatory Commission [NRC]
1974). That is, in view of the limited consequences of seismic events in excess of those used as
the basis, the DBE is such that it produces ground motion at the WIPP facility with a recurrence
interval of 1,000 years. In practice, the DBE is defined in terms of the 1,000-year acceleration
and design response spectra.

The generation of curves expressing probability of occurrence or risk as a function of peak WIPP
facility ground acceleration is discussed in detail in CCA Appendix GCR, Section 5.3, for a
number of possible characterizations of WIPP facility region source zones and source zone
earthquake parameters. The most conservative (and the least conservative) risk curves are shown
in Figure 2-5660.

From this figure, the most conservative calculated estimate of the 1,000-year acceleration at the
WIPP facility is approximately 0.075 g. The geologic and seismic assumptions leading to this
1,000-year peak acceleration include the consideration of a Richter magnitude 5.5 earthquake at
the site, a 6.0 magnitude earthquake on the Central Basin Platform, and a 7.8 magnitude
earthquake in the Basin and Range subregion. These values, especially the first two, are
considered quite conservative, as are the other parameters used in the 0.075-g derivation. For
additional conservatism, a peak design acceleration of 0.1 g is selected for the WIPP facility
DBE. The design response spectra for vertical and horizontal motions are taken from Regulatory
Guide 1.60 (NRC 1973) with the high-frequency asymptote scaled to this 0.1-g peak acceleration
value.

This DBE and the risk analysis that serves an important role in its definition are directly
applicable to surface confinement structures and components at the WIPP facility. Underground
structures and components are not subject to DBE design requirements because according to
Pratt et al. (1979), mine experience and studies on earthquake damage to underground facilities
show that tunnels are not damaged at sites having peak surface accelerations below 0.2 g.
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Curve 3 ———— Risk from the site source zone assuming a maximum magnitude of 5.0.
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Note: Risk curves generated by using worst and best case assumption
from the parameter variation considered for site region source
zones. See Appendix GCR, Figure 5.3-7 for further details.
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Figure 2-5060. Total WIPP Facility Risk Curve Extrema
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