
TOPIC #1:   Seismic Hazard (SPID Sections 2.1, 2.2, and 2.3) 

Robinson Nuclear Power Plant (RNPP) evaluated seismically induced liquefaction hazards at 
the HB Robinson plant area in Section 3.1.5 of the SPRA submittal report (ML19346E204, non-
public) and addressed three major areas in their evaluations: (i) liquefaction triggering and site 
wide continuity of liquefaction, (ii) liquefaction induced settlement; and (iii) liquefaction induced 
lateral spreading. In order to complete SPRA Review Checklist Topic #1, staff requests 
response to the following clarification questions with regards to the methodology and 
conclusions associated with each of these evaluations.

A) For evaluation of liquefaction triggering and site-wide continuity of liquefaction, the SPRA
submittal report refers to References [40], [41], and [42]. In Section 3.1.5 of the SPRA
submittal report, RNPP concluded that “While liquefaction could potentially occur at a single
exploration, not every sample in the exploration may indicate liquefaction triggering, and in
adjacent explorations, liquefaction triggering may not be indicated at the same elevations.
As shown in [42], there is not an indication at any of the four hazard levels of a liquefiable
soil layer that is continuous across the protected area.”  Regarding this conclusion, please
address the following questions.

1) Sections 3.3.1 and 3.3.2 of Reference [40] state that the cyclic stress ratio (CSR) was
computed using estimates of maximum shear stress (τmax) directly from site response

analyses.  Section 4.3.3 of the liquefaction sensitivity analysis (Reference [41])
acknowledges that using estimates of τmax from site response analyses to compute CSR

leads to an unconservative bias in the resulting factor of safety against liquefaction
(FSL).  Section 4.3.3 also shows that for a single boring at a single level of hazard the
“factor of safety is increased by about 10-14% on average” with respect to values of FSL

computed using the semi-empirical method proposed by Boulanger and Idriss (2012) to
estimate τmax.  Despite this unconservativism, the decision in Section 6.0 is to use site-

specific estimates of τmax to compute CSR.

a. How does this decision to use τmax directly from site response analyses affect the

continuity of a liquefiable layer [42], settlement [43], and lateral spreading [46],
which are dependent on FSL computed using Boulanger and Idriss (2012)?

2) Regarding the evaluation of continuity of a liquefiable soil layer, Section 6.2 of Reference
[42] states that “for purposes of this calculation, site-wide liquefaction is taken to be
present if a stratigraphic layer is present that is continuous across the site and within
which the liquefaction triggering factor of safety for the evaluated explorations is
consistently equal to or less than 1.00.”

a. Please clarify the definition of a layer that is “continuous.”  For example, must the
stratigraphic layer be present in all boreholes, a high percentage, or some other
qualitative/quantitative measurement?  Must the stratigraphic layer be of a
minimum thickness?

b. Was the uncertainty in the evaluated continuity (or lack thereof) of potentially
liquefiable soils considered? If so, how was this uncertainty characterized (e.g.,
given the horizontal spacing between boreholes and the vertical spacing between
samples or standard penetration tests within the boreholes)?
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B) For evaluation of settlement due to liquefaction, the SPRA submittal report refers to
Reference [43].  The settlements computed as described in Reference [43] contributed to
the seismic fragilities as discussed in Section 4 and summarized in Table 5.4-2 and Table
5.5-2 of the SPRA submittal report.  Based on the information provided in the settlement
evaluations as referenced, staff requests clarification to the following questions:

1) As stated in Section 6.1 of Reference [43], the equation used to compute settlement is a

function of corrected SPT blow-count (N1,60cs) and FSL.  This equation is based on the

method proposed by Ishihara and Yoshimine (1992), slightly modified by Yoshimine et

al. (2006) and Idriss and Boulanger (2008).  According to Ishihara and Yoshimine

(1992), FSL is defined by laboratory tests where FSL = 1.0 is associated with initial

liquefaction, which in Yoshimine and Ishihara (1992) is interpreted as the point where

the soil in the lab test reaches a threshold strain (e.g., 2.5% single-amplitude axial strain

in triaxial tests or 3.5% single-amplitude shear strain in simple shear tests).  In the

methodology described in Section 6.1 of Reference [43], FSL is computed as cyclic

resistance ratio (CRR) divided by CSR where CRR is computed using the Boulanger

and Idriss (2012) equation with randomized values of the error, εln(CRR) (mean = 0,

standard deviation = 0.13).

a. Is the FSL inherent in the Ishihara and Yoshimine (1992) method compatible with

the FSL computed using randomized values of CRR as described in Section 6.1

of Reference [43]?

2) As stated in Section 6.1.2.3 of Reference [43], N1,60cs was computed using an equation

for the overburden correction factor (CN) that was given by Youd et al. (2001). This is not

the same equation for CN that is given by Idriss and Boulanger (2008, 2010) and

Boulanger and Idriss (2012).

a. What effect does Youd et al. (2001) CN have on N1,60cs?  Are the N1,60cs values

computed with this CN compatible with the Boulanger and Idriss (2012) equation

for CRR = f(N1,60cs)?

3) Estimates of FSL are often modified to correct for overburden stress.  In the Boulanger

and Idriss (2012) method, FSL is multiplied by the overburden correction factor, Kσ.  As

discussed in Section 6.1.2.7 of Reference [43], the FSL computations ignored the upper

limit on Kσ recommended by Idriss and Boulanger (2008, 2010).  Ignoring this upper limit

could increase the values of FSL, particularly for shallow soils with medium to high

values of N1,60cs.

a. Please clarify why the upper limit on Kσ was not included.  If possible, describe

the impact of excluding the upper limit on Kσ with regards to settlement.

4) The failure of the Deepwell Pump D (SF-WP-DPW-PMP-D-SETTLE, Table 5.5.-2, SPRA

submittal) is caused by liquefaction-induced settlement.

a. Please provide calculation RNP-C/FLEX-0053 “Seismic Fragility Evaluation of

the Deep Well Pump D Piping for the Effects of Liquefaction-Induced Soil
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Settlement” to review the methodology used in estimating the fragility of the Deep 

Well Pump D. 

C) For evaluation of lateral spreading (or lateral displacement) due to liquefaction, the SPRA
submittal report refers to Reference [46].  The results of the lateral spreading analysis were
used to evaluate fragility estimates as described in Section 4 of the SPRA submittal report.
Based on the information provided in lateral spreading evaluations as referenced, staff
requests clarification to the following questions:

1) As stated in Section 4.5 of Reference [45], “because lateral spreading can only occur
when there is a continuous liquefying layer… the probability of a continuous layer
occurring becomes one of the most important factors for LD [lateral displacement]
accumulation.  Calculation 4150-GEO-023 (AMEC, 2016a) determined those
probabilities.”

a. Please provide “Calculation 4150-GEO-023” (AMEC, 2016a) so that the staff can
review the methodology used in these calculations and the results.

2) As stated in Section 4.3 of Reference [46], “The occurrences of continuous layer of
liquefying soils were evaluated in Calc 4150-GEO-023 (AMEC, 2016a) and the results
are used in this calculation. If a continuous layer occurred, a value of 1 was assigned for
that layer; if a continuous layer did not occur, a value of 0 was assigned.”

a. What probability of a continuous layer indicates that “a continuous layer
occurred?”  For example, is the presence of a continuous layer associated with a
threshold probability (e.g., 50%)?

b. Please explain why the discrete values of 0 and 1 were selected.  Why not
multiply by a continuous variable between 0 and 1 (e.g., the probability of a
continuous liquefying layer)?

D) Questions about FLEX Area

1) Section 14 of Reference [16] says that the liquefaction evaluation at the location of the

FLEX storage building was performed similarly to the evaluation of the main plant area.

Table 14-2 shows the values of FSL with depth for the borings in the area around the

FLEX storage building, but it is not clear to the staff whether settlement or lateral

spreading were evaluated.

a. Clarify whether settlement and lateral spreading calculations were performed

using the SPT blow counts from the boreholes around the FLEX area.  If they

were, what were the results of these calculations? The staff believes that these

answers may be contained in the reference document 4150-GEO-031, “Flex

Building Liquefaction Potential at Flex-C GMRS.”  If so, please post the

document for review:
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