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Outline

= What is liguefaction?
* What is the Next-Generation Liquefaction (NGL) project?
* What has NGL accomplished?

= Why does the NGL Project matter for nuclear applications?




What is Liquefaction?

Supports
construction

Buildings can
tilt, sink, and fail

Shaking (usually from earthquakes) causes saturated, contractive, coarse-
grained soils to generate excess pore pressures that lead to loss of shear
strength and liquid-like behavior
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NGL Background

The Next-Generation Liquefaction (NGL) project was launched in 2014 by the Pacific Earthquake

Engineering Research (PEER) center following the devastating earthquakes during 2011 in Japan
and New Zealand.

The goals of NGL are to:

Substantially improve the quality, transparency, and accessibility of case history data
related to ground failure.

Provide a coordinated framework for supporting studies to augment case history data for
conditions important for applications but poorly represented in empirical databases

Provide an open, collaborative process for model development in which developer teams
have access to common resources and share ideas and results during model development
= reduce the potential for mistakes and mutually benefit from best practices.




CONSENSUS 5TUDY REPORT

State of the Art and Practice in the Assessment of

Earthquake-Induced
Soil Liquefaction and
Its Consequences

National Academies
Report’

* Establish curated, publicly accessible databases of
liquefaction case history data

* In model development:
* Incorporate unbiased estimates for input parameters

e Consider all relevant data (screening requires
justification)

* Use soil mechanics principles and experimental data
to extrapolate beyond ranges in which field data
constrain the empirical relationships

* Models should be unbiased relative to available data,
guantify variability, and capture epistemic
uncertainties

1 NASEM. “State of the Art and Practice in the Assessment of Earthquake-Induced Soil Liquefaction and Its
Consequences.” Washington, DC: National Academies of Sciences, Engineering, and Medicine The National
Academies Press. doi: 1017226/23474. 2021. 6



NGL Progress

= Completed two large technical projects for the Nuclear Regulatory
Commission and Bureau of Reclamation in support of developing
technical bases for updated regulatory guidance

= Developed and grew the NGL database

" Launched a community-wide collaborative research effort

" |nitiated a new technical research project for Federal Highway
Administration (FHWA)




NGL Partners

= Research organizations:
= Pacific Earthquake Engineering Research HiiI“ﬂJﬁ-

Center (PEER) PEER
= Southwest Research Institute (SwRI) @,
= Natural Hazards Risk and Resiliency o
Research Center (NHR3) at UCLA ]

= Sponsors: Caltrans, NRC, PEER, USBR, E5 moor s USNRC
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FHWA, DOT “Pooled fund” study e P
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Views expressed in this presentation do not necessarily reflect the view or regulatory positions of NGL sponsors




NGL Project Structure
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Next-Generation Liquefaction Project

Project innovations

= |nteractive tools
= New classes of case histories

= Focused studies to constrain critical
effects that cannot be captured

through case histories alone NGL _—
ocuse
= Model formulation NEXT Studies

LIQUEFACTION




NGL Database — GUI
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https://nextgenerationliquefaction.org/

Database Contents
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Database Contents
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Why does the NGL Project matter
for nuclear applications?




Current NRC Guidance

= Reg. Guide 1.198, Procedures and Criteria for Assessing Seismic Soil Liquefaction at Nuclear
Power Plant Sites

= Based on NUREG CR-5741, Technical Bases for Regulatory Guide for Soil Liguefaction

= NUREG 0800, Standard Review Plan = (2.5.4) Stability of Subsurface Materials and
Foundations = (2.5.4.8) Liquefaction Potential

= Supporting documentation:
= Reg. Guide 1.208, A Performance-based Approach to Define the Site-Specific Earthquake

Ground Motion



https://www.nrc.gov/docs/ML0332/ML033280143.pdf
https://www.nrc.gov/docs/ML0037/ML003701612.pdf
https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0800/ch2/
https://www.nrc.gov/docs/ML1331/ML13311B744.pdf
https://www.nrc.gov/docs/ML0703/ML070310619.pdf

Regulatory Guide 1.198 (2003)

= Provides guidance to the NRC on acceptable methods to evaluate the potential for
earthquake-induced instability of soils resulting from liquefaction and strength
degradation.

= Generally based on the 1996 NCEER and 1998 NCEER/NSF workshops (Youd et al.
2001).

= Focuses on deterministic, semi-empirical methods.

= Factor of safety (FS) used to recommend next steps (e.g., use conservative undrained
residual strengths for stability and deformation analyses).

= Analytical methods permitted (e.g., nonlinear site response analysis).

= Probabilistic approach can be used if sufficiently formulated.




Updating Guidance

" |n the last two decades, liquefaction research has continued to advance the state-of-
the-art

= Several focus areas of improvement, discussed in subsequent slides

= Not just for NRC guidance (other organizations as well)

= Extends to general engineering practice for evaluating liquefaction hazards for nuclear
facilities

= The NGL project is well-suited to help
= Recent projects have already provided support in some focus areas

= Current and future work could provide support in additional focus areas
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Focus Areas for Improvement

= Parameter space

= Semi-empirical triggering models are constrained
by the case history database from which they are
derived

= What to do for conditions that are not well
represented in the case history database?

Database

>

Expanded and
continually growing
database

Completed study on
effects of overburden
pressure

Opportunity for
additional focused
studies where needed

18




Focus Areas for Improvement

= Aging

= Older soils are generally more resistant to pore-
pressure generation than younger soils are

= Most case histories in current databases are
man-made fills or relatively young deposits Studies

Focused

= For some nuclear power plants in the
Central/Eastern United States (CEUS), aging may
significantly affect liquefaction evaluations (but
how?)

NGL
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Opportunity for
additional focused
studies where needed

19
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Focus Areas for Improvement

= Probabilistic approach

= Needs a more prominent place in the guidance,
consistent with a risk-informed and
performance-based regulatory framework

= Needs more direction about what is a sufficient
approach

= Epistemic uncertainty

= Even with multiple triggering models available,
epistemic uncertainty needs to be better
guantified

SMT models
developed using
probabilistic
approach

Future collaborations
with other NGL teams
could address

epistemic uncertainty

20



Conclusions

* The NGL project aims to advance the state-of-the-art in liquefaction research
through database development, focused studies, and model development.

" The expanded case history database is available and actively being used.

= Recent work by the SMT yielded a suite of models for liquefaction
susceptibility, triggering, and manifestation (discussed in next presentation).

= Research efforts in coordination with the NGL project aim to resolve issues and
provide technical bases for future liquefaction guidance that is consistent with
a risk-informed and performance-based framework.




NGL

NEXT
GENERATION
LIQUEFACTION

Questions

Email: kulmer@swri.org
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