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Bechtel Power Corporation Comments on
Draft Regulatory Guide DG-1146, "A Performance-Based Approach to Define

the Site-Specific Earthquake Ground Motion," October 2006

Summary Comments

1. The single most important change between RG 1.165 and DG-1 146 is the change from
the reference probability approach to the performance-based approach. This change,
principally by reference to ASCE 43-05, is well defined and easy to follow. There are,
however, a number of fundamental issues within NRC regulations and their CFR
antecedents that neither RG 1.165 nor DG-1 146 address. Principle among these is:

a. Lack of distinction between the SSE and the DRS (design response spectra).

b. Definition of a computationally useful horizon at which to define the SSE.

c. Clear definition of an acceptable method to analyze site-specific amplification.

d. Definition of spectra for frequencies both much higher and lower than the 1-10
Hz frequency range used for the development of the SSE.

It is recommended that that draft guide and/or NUREG-0800 explicitly address these
items.

2. The draft guide does not identify the issue that current ground motion estimates at rock
sites in the CEUS result in high spectral accelerations in the high frequency range. This
is an important issue for the analysis of new nuclear power plants in the CEUS region,
although it is recognized that high frequency content is not generally damaging to typical
plant structures, systems and components except for certain high frequency sensitive
devices. It is recommended that the draft guide and/or NUREG-0800 explicitly address
this issue, provide some discussion, and describe acceptable methods of resolution.

3. The draft guide does not explicitly mention that the new nuclear plants designed in
accordance with this draft guide will provide lesser seismic risk. The wording on Page 4
which reads, "Setting the performance goal to be equivalent to the FOSID of SSCs is
conservative, since the seismic demand resulting in the onset of significant inelastic
deformation is less than that for failure of the SSCs," implies that new nuclear power
plants will be, on average, safer. The draft guide should include wording that explicitly
recognizes this fact.

4. Paragraph IV(a)(1)(i), of Appendix S to 10 CFR Part 50, requires that "the SSE must be
characterized by free-field ground motion response spectra at the free ground surface."
And that "...it will usually be appropriate that the design response spectra be smoothed
spectra." This language seems to imply that the motion is to be defined in the absence
of any modification by the presence of the nuclear island ("free-field ground motion"), is
unclear as to whether the "free ground surface" is in-situ at the undisturbed site or
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should include consideration of as-constructed modification of shallow soils between
some at-depth competent material horizon and finished grade, and obscures the
possibly important distinction between a point estimate of ground motion and an
estimate of ground motion integrated over the area or the depth of a mat foundation,
which motion will act on the structures, systems, and components (SSCs) of the nuclear
island,

a. It is recommended that the draft guide, NUREG-0800, and DG-1 145 address
these issues by more carefully defining the SSE and the DRS as potentially
separate motions to be defined, respectively, in FSAR/SSAR Sections 2.5.2 and
3.7.1. Issues of modification of point ground motions by the foundation mat, such
as may be addressed in soil-structure interaction or incoherency analyses, are
better left to the engineering design sections of the FSAR. FSAR Section 2.5.2
may introduce these topics in general terms, then refer to FSAR Section 3.7.1...
as appropriate.

b. It is recommended that "free-field" and "free-ground surface" be defined to
remove the above-noted ambiguities.

5. Although subsurface material properties may vary widely at undisturbed sites, it is
inconceivable that a nuclear power plant would be founded on materials with inadequate
competence to support the foundation mat. The definition of the SSE at the "free ground
surface," if by this is meant the undisturbed ground surface could, therefore, imply that
the adequacy of earthquake design calculations would be related to completely
irrelevant ground motions. Recognizing this, Section C.5.3 of the draft guide states that,
"For sites with one or more thin soil layers near the surface that will be excavated, the
SSE is specified on an outcrop or a hypothetical outcrop of competent material (Vs >
1000 fps) at a free surface."

a. It is recommended that the SSE be defined on an outcrop of competent material
(Vs > 1000 fps) at any site (not only those with "thin soil layers... that will be
excavated") at the discretion of the applicant so long as the subsurface between
this horizon and the Vs > 9200 fps "hard rock" horizon is adequately
characterized.

b. It is recommended that the wording "at a free surface" after "outcrop" be deleted.
It is redundant.

6. RG 1.165 gave few details concerning computing of site-specific amplification factors.
DG-1 146, benefiting from experience beginning to be gained from work on recent ESP
and COL applications, attempts to do more to help applicants in this regard. However,
further changes and clarifications to the wording are needed. A few specific examples of
topics needing clarification or correction are:

a. Confusion over the number of frequencies for which UHRS can be computed
directly (the 7 for which EPRI attenuation relations are defined) and the number
for which UHRS are to be specified (variously 25 or 30 between 0.1 and 100 Hz).
The seven-point UHRS can be interpolated/extrapolated for additional points but
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additional assumptions/choices must be made to allow this. The draft guide
would be improved by giving clear detailed examples of acceptable methods by
which this could be done.

b. Confusion over the need for involving 1 E-06 motions in guidelines for the SSE
that, under ASCE 43-05, requires only 1 E-04 and 1 E-05 UHRS.

c. Silence on the matter of adoption of revised "sigma" estimates for EPRI (2004)
attenuation relations developed as part of the New Plant Seismic Issues
Resolution Program.

d. Silence on (or implied exclusion of) RVT rather than SHAKE, and Approach 4
rather than Approach 2 (NUREG/CR-6728), analysis of site-specific amplification
factors.

7. Finally, the most fundamental problem with RG 1.165 was that it developed criteria
based on a reference probability defined in terms of existing nuclear power plant SSE
response spectra for frequencies between 1 and 10 Hz, then required that new nuclear
power plants be designed for ground motions at frequencies outside this range (and.for
higher frequencies, in particular) for which the SSE response spectra of existing nuclear
power plants would have predicted a much higher reference probability. The SSE
response spectra for existing nuclear power plants are not based on UHRS concepts
and the 1-10 Hz window used as a benchmark is within a relatively conservative part of
the UHRS. Migration to performance-based criteria within the same frequency range
does not appear to directly address this issue.

If, indeed, it may eventually be shown that high frequency (> 10 Hz) motions are less
likely to damage SSCs for a given amplitude than lower frequency motions, this would
introduce an additional way to modify the ASCE 43-05 approach in such a way as to
reduce the high-frequency component of a performance-based SSE. It is recommended
that this eventuality be acknowledged in the draft guide.

Detailed Comments

These comments provide alternative expressions of the summary comments and specific
detailed comments.

8. General.

For consistency of analysis 'and meeting the ASCE target performance goal, the draft
guide should provide a discussion of the application of the SSE motion and its
associated strain-compatible soil properties for soil-structure interaction (SSI) analysis.
Specifically, when randomized soil profiles are used, guidance for selection of limited
soil columns and associated input motion for SSI analysis should be provided.
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10. General.

In a number of locations, the draft guide assumes the soil column analysis is limited only
to time history analysis. Currently, soil column analyses are also performed using the
random vibration theory (RVT) along with randomized soil profiles and strain-dependent
soil properties. For RVT analysis, guidance is needed on the input motion in terms of
the acceleration response spectrum and its associated damping and duration.

11. General.

The report just completed by EPRI on Task S2.1 has shown that incoherency of ground
motion significantly affects the responses of structures on large foundations, reducing
the structural response to the high frequency ground motions. It is also known that
ground motion estimates for the CEUS at rock sites contain significant high frequency
content as mentioned earlier. It is recommended that the draft guide include a
discussion on the incoherency of ground motion and how it might affect the seismic
design basis for the site. In fact, one option would be to apply the incoherency reduction
during the process of determining the SSE. Options that are acceptable to the NRC in
determining the incoherency effects should be discussed in the draft guide to help the
industry focus on approaches that may be instrumental in resolving the high frequency
content issues.

12. General.

The new standard reactor designs have sizable embedment depth. Unless a shoring
system is used, sites are likely to be subjected to a large excavation and backfill. In this
context, the meaning of "free-field" should be carefully defined.

On the other hand, poor surficial soil layers at some sites will require over-excavation
and backfilling. Sampling and testing and site response analysis involving such poor soil
layers is not productive for design and may amount to unstable solutions in site
responses analysis. In this context also, the meaning of "free-field ground surface"
should be clearly stated.

13. General.

The SSE is required to be developed at the ground surface level. This implies a
deconvolution analysis of the motion for embedded structures. Since the SSE is the
result of a soil amplification for a wide range of soil columns developed by a
randomization process, deconvolution in limited soil columns, particularly with the lower
'bound properties, would result in unrealistically high ground motions at the foundation
level in the free-field. A similar problem exists if the SSE motion is defined in the free-
field as "outcrop" at any specific depth, e.g., foundation depth. The soil column analysis
using limited soil columns, e.g., upper, mean, and lower bounds, is likely to develop
motions at the ground surface level that would exceed the SSE if the SSE were to be
developed at the ground surface using the mean results of all randomized profiles. This
observation suggests that for application of the SSE to SSI, a consistent pair of high
frequency and low frequency motions with their soil columns should be identified.
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It is recommended that the draft guide address this issue.

14. General.

At times, the draft guide is very specific [explicit formulas for Mbar and Dbar; 60
convolution analyses for site response analyses] while, at other times, the wording in the
draft guide is somewhat vague about certain issues [site response methods, e.g. Method
2A/3; number of time histories to be used in site response analysis]. As a result, a
number of issues are not resolved in the draft guide:

* NRC-acceptable approaches -on site response: 2A, 2B, 2A/3
* Use of RVT
* Sigma: not just truncation of epsilon, but what of limiting sigma itself

It is recommended that these issues be addressed in the draft guide.

15. Page 7, "Choice of Epsilon in Probabilistic Seismic Hazard Analyses."

It is stated that large epsilon values should. be used to capture low probability events. It
is recommended that the discussion be expanded to include consideration of the
limitations of the source and transmissibility of the motion to the site.

16. Page 7, "Deaggregation of Mean Hazard," and Appendix E.

It is not clear why motion at 1 E-06 is needed if the ASCE performance based approach
is used. See also the comment for Page 14, Section C.3.4.

17. Page 7, "Lower Bound Magnitude Cutoff."

This section states that, "An empirical model for estimating CAV in terms of magnitude,
peak ground acceleration (PGA), and duration is needed because the PSHA calculation
does not use time histories directly." This statement leaves the impression that the
industry needs to develop a new model before the CAV method can be used. Is this the
intent?

18. Page 7, "Deaggregation of Mean Hazard."

This section defines the high frequency range as between 5 to 10 Hz. This definition
appears to be inconsistent with many studies which define the high frequency motion as
greater than 10 Hz. This discrepancy should be addressed.

19. Page 8.

The ground motion models for CEUS currently are limited to less than 10 frequency
points. The required minimum values of 30 frequencies can only be met by interpolation
of the motion in between the frequency points. Is this the intent?
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20. Page 8, footnote.

a. The footnote at the bottom of the page is more stringent than SECY-93-87 which
requires the 1.67 factor above the SSE for plant damage state, not for individual
components. The draft guide will add more conservatism to the design of new
nuclear power plants. Is this the intent?

b. If a margin study or PRA will be required, as noted in this footnote, specific
guidelines are needed to develop the motion and soil properties for the higher
level motions.

21. Page 11, 4 th paragraph.

The draft guide states, "A commitment should be made, in documents (Safety Analysis
Reports) supporting the license application, to geologically map all excavations and to
notify the NRC staff when excavations are open for inspection." It is recommended that
this wording be revised to be consistent with SRP 2.5.1 to "geologically map all
excavations for Seismic Category I structures, as a minimum ......

22. Page 14, Section C.3.4, "Hazard Assessment."

The draft guide describes that the PSHA is to be computed at a minimum of 30
frequencies equal spaced in log-space between 100 Hz and 0.1 Hz. In addition, fractile
hazard curves should be computed for fractile levels of: 0.05, 0.16, 0.50, 0.84 and 0.95
as well as the mean. Uniform hazard spectra should be developed for annual probability
levels of: 1E-04, 1E-05, and 1 E-06.

The requirement for computing hazard curves at 30 frequencies between 100 Hz and
0.1 Hz is not possible due to the limitation of the number of spectral periods contained in
the current attenuation ground motion models. In addition, even ground motion
attenuation models for the WUS do not typically go out to 10.0 second spectral period
(i.e., 0.1Hz). The computation of the additional fractile levels and three AEP levels is not
technically difficult or laborious, however, it is noted that this computation is not being
performed for the current ESP and COL applications. No later discussion was found in
the draft guide where the 1 E-06 level ground motions are used. In fact, at the end of
Section C.4.3 on Page 16, the draft guide states, "The surface 1E-04 and 1E-05 UHRS
are used to determine the performance-based SSE."

23. Page 15, Section C.4.2, "Dynamic Site Response."

The draft guide describes that, based on the high and low frequency target spectra from
the deaggregation analysis, the site response is performed on a suite of randomized soil
profiles and dynamic properties. Generally, at least 60 randomized cases should be
performed to define the mean and standard deviation of the site response. Time
histories can be selected from the NUREG/CR-6728 database or developed separately
for the controlling earthquake and corresponding spectra (i.e., high and low frequency).
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It is noted in the draft guide that the library of time histories provided in NUREG/CR-
6728 is currently being updated and should be completed in the summer of 2007. The
draft guide does not, however, present any information on the changes being made. It
could be updating the time history libraries based on the collection of additional strong
motion data (e.g., PEER NGA) since the original database was compiled. The
discussion presented in the draft guide indicates that only SHAKE analysis would be
acceptable for the site response analysis since the draft guide discusses the use of time
histories which would not be needed in an RVT site response analysis. Although the
draft guide suggests a suite of 60 randomized soil profiles, the draft guide does not
discuss the use of multiple time histories matched to the same target spectrum. The
draft guide states that 60 cases should be used to develop the mean and standard
deviation of the site response; however, the standard deviation is not needed for the
approach presented later in the document (i.e., approach 2 not approach 3 or
NUREG/CR-6728).

It is recommended that the wording on these issues in the draft guide be revised for
clarity.

24. Page 16, Section C.4.3, "Site Amplification Function."

This section of the draft guide states that "1 E-04 and 1 E-05 UHRS are used to
determine the performance-based SSE." On Page 15, Section C.3.5, consideration of
1 E-06 annual frequency is also required. If the first two are adequate to define the
performance-based seismic design criteria, why is the higher level of ground motion
considered? See also the comment for Page 14, Section C.3.4.

25. Page 18, Section C.5.3, "Location of the Site Safe Shutdown Earthquake Ground
Motion."

A definition of "thin soil layer" should be added.

26. Page 18, Section C.5.4, "Determination of Safe Shutdown Earthquake."

It is recommended that the wording on the following issues in this section of the draft
guide be revised for clarity.

a. Is the free-field motion at the foundation level discussed an "outcrop" or "within"
motion?

b. Development of composite spectrum in the free-field at the foundation level and
subsequent computation of the SSE at the ground surface level would cause
numerous anomalies, several are identified below:

0 For plants with structures having multiple embedment depths, this would
amount to more than one SSE at the ground surface level.

N There is a penalty for deeper embedment since the 0.1Og motion is fixed
at the foundation level in the free-field.
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* If soil amplification were to be performed for the composite foundation
level motion as stated, it is not clear what soil properties from the set of
randomized soil properties should be used.

" Is the composite spectra at the foundation motion a UHRS or DRS? If it
is a UHRS and it is amplified to the surface, should the same procedure
be used to develop the DRS based on the slope of the hazard curve that
did not include the 0.10g motion?

" When composite motion is amplified, how is the vertical
motion computed?

c. It may be best to apply the requirement of 0.1Og motion as a separate
deterministic type motion to check the design once the analysis is completed
using the SSE motion without the 0.10g. In this case, limiting the amplification of
motion in the free-field should be permitted.

d. There is wording in this section on where the SSE is to be defined, as distinct
from the ground motions at the "free field foundation depth." It is noted in this
section that it is the motions at the foundation level -- not the SSE [free field
surface spectrum]--where the comparison "against appropriate response
spectrum with a peak ground acceleration of at least 0.1g". This wording
appears to be in conflict with Appendix S to 10 CFR Part 50, which states that
the comparison is to be made against the SSE. Consideration should be given to
clarifying this wording.

e. It is stated in this section that development of SSE will be more fully described in
NUREG-0800. However, an acceptable approach is shown in Figure 3, although
sufficient detail is not provided. Would it be better if options for the development
of the SSE were more fully described and regulatory positions established in this
draft guide?

f. (Page 18 and also Figure 3 on page 19) Once the foundation motion is
determined from free field motion through deconvolution or amplification factors,
"the motions at foundation level are compared against appropriate response
spectrum with a peak ground acceleration of at least 0.1g." What is the
appropriate response spectrum here? How will it be determined?

27. Page 19, Figure 3.

a. This figure is not clear. Is the first box about developing a procedure or site-
specific ground motion?

b. It appears that there should be a box between the first and second boxes that
could read, "Develop spectra amplification factors or deconvolution studies," or
something similar.
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28. Appendix D, General.

Appendix D is specific about the method of determining controlling earthquakes. In a
couple of locations, however, the wording could be more explicit in description:

" Step 2(b) says to "calculate the average of the ground motion level... ". So as not
to cause confusion, this wording could explicitly say "linear average . . . "or even
"simple linear average. . .

" Appendix D mentions that there may be situations where "alternative binning
schemes as well as a study of contributions from various bins will be necessary to
identify controlling earthquakes consistent with the distribution of the seismicity."
One of the different binning schemes could be a re-defining of the distance bins, the
center value being the "centroid of the ring area." It would be most helpful to
explicitly define this or give a reference for its calculation. Also, a definition of the
"centroid of the ring area" should be included.

29. Page D-3, Table D.1.

The entries to the cells of the table should be stated.

30. Pages D-4 and D-5, Step 7.

a. There is explanation of the calculation required if the contribution to the hazard
calculated in Step 5 [1 - 2.5 Hz] for distances of 100 km or greater is less than
5%. (sb. greaterthan)

b. Revise the last subscript in Equation 7 from "I" to "2."

31. Page D-5, Step 9.

a. The draft guide states that the controlling spectra should be based on the
magnitude and distance values taken from the deaggregation and appropriate
ground motion models. Later in Section D.3, which gives an example for a
CEUS site, the draft guide comments that an appropriate ground motion model
would be the EPRI attenuation ground motion models.

It is noted that, for current ESP and COL applications, controlling spectra have
been/are being developed based on the CEUS spectral shapes given in
NUREG/CR-6728 rather than the EPRI ground motion model. This was
performed based on the ease of use and also because the CEUS spectral
shapes are defined for additional spectral periods over the range of 100 Hz to 0.1
,Hz. It is recommended that the draft guide identify this alternate acceptable
approach.

b. This step describes where the high- and low-frequency spectra are scaled to
match the "site rock accelerations at 5 and 10 Hz (high-frequency) and 1 and 2.5
Hz (low-frequency)." Does this mean at 7.5 and 1.75 Hz, respectively? What
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about the remaining 26 spectral ordinates that were required to be calculated in
the PSHA? Also, note the following wording from Section C.4.3:

"Based on the suite of site response analyses described in Regulatory
Position 4.2, site amplification functions are calculated. To determine the
UHRS at the free-field ground surface for a specific annual probability of
exceedance, multiply the rock-based UHRS by the high-frequency and
low-frequency site amplification functions separately, and envelop the two
results. If the two controlling earthquake response spectral shapes cover
a broad range of frequencies such that when scaled and enveloped they
approximate the UHRS, then it is also acceptable to multiply the high- and
low-frequency controlling earthquake spectra by the appropriate site
amplification function and envelope the results. The surface 1 E-04 and 1
E-05 UHRS are used to determine the performance-based SSE."

The typical scaling to the 7.5 and 1.75 Hz often causes the high frequency
spectral shape to sometimes notably exceed the available high frequency PSHA
values -- e.g., 25 Hz and PGA PSHA value. Similarly, the low-frequency spectral
shape scaled typically to 1.75 Hz under-represents the available low frequency
PSHA values -- e.g., 0.5 Hz. It is recommended that Appendix D provide a
discussion about the spectral scaling and the actual PSHA values, as does
ASCE 43-05. Also, it is recommended that Appendix D continue with the
example to completion, performing the spectral scaling and enveloping.

32. Page E-2, 4 th paragraph of Section E.3, "Site Response Analysis."

a. The draft guide states that the spectra from the controlling earthquakes (i.e., high
and low frequency cases) must be checked against the uniform hazard spectrum
at the natural period of the soil column. The controlling earthquake must envelop
the UHS at this spectral period. It is noted that, to our knowledge, this additional
check has not been/is not being performed for the current ESP and COL
applications, although it is not expected to be violated.

b. The guide states that it is common practice to provide plots of PGA as a function
of depth. It is noted that this may not have been done for the past ESP
applications.

c. The methodology presented in this Appendix follows Approach 2 given in
NUREG/CR-6728. There is no discussion of other approaches (e.g., Approach 3
or 4). Consideration should be given to including Approaches 3 and 4.

33. Page E-2, 5 th paragraph of Section E.3, "Site Response Analysis."

It is suggested that the word "within" be revised to "outcrop."
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34. Pages E-2 and E-3, 6 th and 7 th paragraphs of Section E.3, "Site Response Analysis."

The 6 th paragraph states, "The strain-dependent shear modulus and damping curves are
developed based on site-specific testing results and supplemented as appropriate by
published data for similar soils." The second sentence on the 7 th paragraph states
"When site-specific laboratory data is used ." Is there a conflict between these two
statements?

35. Page E-3, last paragraph on the page.

This paragraph includes the following wording:

"Once the soil amplification functions are developed, they are applied to the free-
field rock UHRS to develop two free-field soil spectra. To determine the soil
UHRS at the free-field ground surface, for each of the annual exceedance
frequencies (1 E-04, 1 E-05 and 1 E-06), multiply the rock-based UHRS at all 25
points and the natural frequency of the site soil column by the site amplification
functions, and envelop the results. These two curves are enveloped to determine
the final free-field soil UHRS. If the two controlling earthquake response spectral
shapes cover a broad range of frequencies such that when scaled and
enveloped they approximate the UHRS, then it is also acceptable to multiply the
high- and low-frequency controlling earthquake spectra by the appropriate site
amplification function and envelope the results."

Two potential problems are identified with this wording. First, the wording states "25
points" when it appears it should state "30 points", despite the problem with having 30-
point rock UHRS, discussed previously. More importantly, two approaches are
discussed. The first describes that the high- and low-frequency developed amplification
factors are applied to the entire rock UHRS spectrum, and the results enveloped to get
the corresponding soil UHRS. This approach does not appear to be correct. Even as
shown in the example in the draft guide, the high-frequency rock spectrum used as input
for site response analysis has higher spectral values at high frequencies than the low-
frequency rock spectrum at those high frequencies. Due to nonlinear site response, it
may be expected that the low-frequency amplification factors at those high frequencies
will be higher than the corresponding high-frequency amplification factors at those high
frequencies; however, this real possibility is reversed in Figure E.2. Given nonlinear
response as expected, the low-frequency amplification factors will give higher soil UHRS
values at high frequencies than the application of the high-frequency amp factors at
those high frequencies. This conclusion appears counter-intuitive however. The
application of the second "acceptable" method appears more reasonable and what the
industry has usually followed. Note that this same methodology is again repeated in
Section E.4.

36. Page E-3.

De-aggregated scaled rock spectra may exceed the rock UHRS as shown in Figure E.1.
The soil amplifications are computed using the de-aggregated motion. This may
"overdrive" the soil column when compared to the rock UHRS motion and, depending on
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the site and its degree of soil nonlinearity, may reduce the soil amplification. It may best
to "conform" the scaled de-aggregated to the rock UHRS before it is used for soil column
analysis. The resultant soil amplifications can be applied to the rock UHRS to obtain soil
UHRS.

37. Pages E-4 through E-6.

It would be preferable if Figures E.1, E.2, and E.3 were based on the same example to
provide a sense of the effects of various variables.

38. Pages F-1 and F-2.

Appendix F provides the necessary criteria when developing spectrum compatible time
histories.

These criteria are very similar to the spectral matching criteria given in both NUREG/CR-
6728 and ASCE 43-05. One additional check that is contained in these criteria is that
the mean ratio (match to target spectrum) be greater than 1.0 over the frequency range
of 0.2 - 25.0 Hz. It is noted that, although this specific criterion may not have been
explicitly checked for some of the spectral matches for the previous ESP applications, it
is not expected to be violated based on meeting the other matching criteria (e.g., no
more than 9 consecutive points below the target).


