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Background
In December, 2012, a Nuclear Regulation Authority (NRA) research
team concluded that the F-3 and F-9 shatter zones beneath the
Higashidori nuclear power plant in Aomori Prefecture are likely to be
active, seismogenic faults.

Again in January, 2013 panels from the NRA concluded that the
fractures ‘K’, ‘G’ and ‘D-1’ at the Tsuruga nuclear power plant, that lie
close to or pass beneath Unit 2, could also be active faults.

An active fault in the new Japan regulations is defined as a seismogenic
fault which has moved in the last 120,000 to 130,000 years. Before
restart applications can be made for Higashidori and Tsuruga, the active
fault issues must be addressed.

The NRA said that 4 other NPPs might also have active faults: Ohi and
Mihama (Kansai), Shika (Hokuriku), and Monju (JAEA).

Both the Tōhoku Electric Power Company and the Japan Atomic Power
Company, the operators of the Higashidori NPP and the Tsuruga NPP,
respectively, decided to form independent investigation teams to review
and to ascertain the scientific validity of the NRA’s claims.



New Regulatory Requirements for Light-Water Nuclear Power Plants
Nuclear Regulation Authority

from a presentation in August, 2013 --- Taguchi-san
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The Independent Investigation and Review
We assembled an expert team of geologists, seismologists,
earthquake engineers, and risk assessment professionals.
This team visited both sites a total of eight times.  Our
investigations included:

• field investigations of all excavation trenches
• examinations of the drilling cores
• field investigations of the surrounding geographic areas
• interviews with utility geologists
• review of aerial reconnaissance and 3-D maps
• reviews of NRA and utility reports
• interviews with outside experts and university researchers
• studies of near field earthquake sources
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Our Technical Conclusions
Our investigation confirms that at the Tsuruga NPP, JAPC
has provided adequate, clear, and convincing evidence that
the fractures of concern to the NRA are not ‘active faults’ and
have not moved at the site during at least the last 120,000 to
130,000 years.
Similarly, at the Higashidori NPP, there is absolutely no
positive evidence that there are active faults traversing the
Higashidori NPP site.
We thus consider that the presence of an ‘active fault’ at
both plants has been resolved and is not a basis for action
by the NRA.  We urge the NRA and the utilities to enter into
a dialog based on scientific evidence.
We will present the key conclusions from our investigations.



Tsuruga NPP
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Investigation Conclusions from the Tsuruga
NPP

1. Detailed field studies show that neither the G/D-1 shatter
zone, nor the K fault can be classified as active faults.

2. There is no evidence that the G/D-1 shatter zone or K fault
have had sympathetic movement in association with fault
movement of the Urasoko fault for at least the past 130
thousand years.



Higashidori NPP



West-facing slope (right side green arrow)
• pro-fault: Terrace surface altitude should
always decrease toward the sea.
• con-fault: Channels may run along coast line.
Boulders and gravel are evidence.

East-facing slope (left side green arrows)
• pro-fault: ...
• con-fault:  West-facing and east-facing are
channel walls on both sides.

NNE-dipping of the surface between slopes
(blue arrow)
• pro fault: ...
• con-fault: Evidence of north-flowing channel











1.  In our opinion, there is no positive evidence that there are active faults traversing the
Higashidori NPS site.
2.  Experts advising the Japanese Nuclear Regulatory Agency (NRA) interpreted the
existence of several (10 active faults) based on somewhat aligned, topographic features
that were interpreted by them to represent the existence of active faults at depth
traversing the Higashidori site.
3.  Trenches excavated across these interpreted faults documents that, in fact, no positive
evidence for faults exists traversing beneath or across the site.
4.  Most of the deformed Quaternary sedimentary deposits overlie Miocene Tomari
formation bedrock. Compelling evidence is exposed in the walls of the trenches that the
interpreted deformation in the overlying Quaternary deposits, was formed by the
depositional process of marine and terrestrial Quaternary alluvial deposits that form at and
on a wave-cut platform, or terrace surface. The ocean wave action erodes the underlying
almost flat wave-cut bedrock surface, and especially along and into eroded crevices in the
bedrock surface; then the wave action deposits the alluvial boulders, sands, and clay
deposits on the wave-cut platform terrace as well as into the eroded crevices.
5  At various places there exists, at depths of a few meters, clay-rich seams that are
steeply inclined, in the underlying bedrock; the overlying well bedded Quaternary deposits
are gently uplifted and deformed due to the water-induced expansion caused by swelling
of the clay-rich deposits that heave (uplift) and bend (deform) with attendant small
fractures and steps that displace the overlying Quaternary deposits (nearly horizontal
overlying Quaternary boulder, sand, and gravel deposits) by minor amounts. The NRA
experts have incorrectly interpreted this apparent deformation as evidence for active
faulting deformation.

Investigation Conclusions from the Higashidori NPP
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Good translations from one language to another language cannot be
done word-by-word.  Good translations take into account the context
and the story which the words tell.  Professor Okumura points out that
the geological record is a story which must be put in context to be
successfully translated into a scientific theory.

The NRA has focused on small geological structures within a limited
area.  To understand the potential earthquake vulnerabilities to a NPP,
it is necessary to put these focused investigations into larger contexts:
geographical, tectonic, climactic, and the safety impact to the nuclear
power plants.

Each piece of information is important, but this is only effective when
they are arranged within a firm framework.

The work reported to date concentrates on very localized issues, not
stressing the overall regional geology, which in fact controls local
issues. Both JAPC and Tohoku EPCo have made strong cases by
emphasizing the overall effect of the regional geology.

We urge the NRA to do the same.

Putting data and results in context



Fault check: Investigators from the Nuclear Regulation Authority
inspect strata at Kansai Electric Power Co.'s Oi nuclear plant in Oi,
Fukui Prefecture, on Dec 29, 2012. | KYODO News Service

Regulator and Utility
Communitcations
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Our selection of independent review members
was made on the basis of previous field
experience and previous work in Japan.  We
found the best practioners available.

In comparison, the NRA was very careful to
exclude experts who might be considered to
have ties to the “nuclear village”.



“Independence is not isolation”
-- Dr. Richard Meserve

During our investigations, we suggested that the NRA
experts join us in field excursions.  We invited them to our
public presentations.  But to no avail.

We believe that discussions between the NRA, the utilities,
and specialists in geology and safety issues are necessary
to reach reasonable conclusions.

From the Diablo Canyon seismic discussions between
PG&E, the NRC, the public, and third party specialists, we
can learn that open scientific discussions lead to
understanding and appropriate policy.
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This roadmap is deterministic in the sense that the
utility must show with 100% certainty that there is no
active fault.

It is probabilistic in the sense the regulator only has
to show that maybe there is an active fault.

In any case, it is a regulation which avoids being
wrong and avoids taking responsibility.



Probabilistic and Deterministic
Risk Assessment

Nothing occurs at random, but everything for a reason and by necessity.

οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης
Democritus

It is quite possible that Nature's laws are of thoroughly statistical character. The
demand for an absolute law in the background of the statistical law — a demand
which at the present day almost everybody considers imperative — goes beyond
the reach of experience.

Schrödinger



Probabilistic and Deterministic
Risk Assessment

Because of the extreme events which took place on 3/11, in
Japan there seems to be a mistrust of probabilistic risk
assessment methods.  And indeed, many earthquake scientists
are pointing out the lack of evidence for the characteristic
earthquake theory and the seismic gap theory used to justify
recurrence frequencies and their uncertainties.

To support informed policy decisions based on good science,
perhaps we need to use both methods to help decision makers.

We need to paint a picture of risk which policy makers can use
to inform the public and to lend transparency to decisions.



Moreover, the large uncertainties dictate that we try to consider
extreme case scenarios from the mitigation point of view, not
the likelihood point of view, “How would we recover from a 25m
tsunami?”
Remember, deterministic results are themselves uncertain.
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Probabilistic Fault Displacement
Hazard Analysis

from “Fault Displacement Hazard for Strike-Slip Faults”
by Petersen, Dawson, Chen, Cao, Wills, Schwartz, and Frankel



Probabilistic Fault Displacement Hazard Analysis Krško Site
-- Paul C. Rizzo Associates



Deterministic Ground Motion Studies at
Diablo Canyon



Probabilistic Ground Motion Studies
at Diablo Canyon



Conceptual example using Bayes’
Theorem to update an analytic fragility
curve with earthquake data.

Bayesian Update



Spectral Comparison Scaled to 0.246g per NRC RG 1.60
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Evidence driven seismic margin method: EdF’s St.-Alban NPP and
Onagawa NPP

We know that no critical SSCs were damaged at Onagawa.
Therefore, if the SSCs at St. Alban are like Onagawa, we have good evidence
that we have a safe seismic margin.



In 1985, PG&E was required by the US NRC to conduct a Long Term
Seismic Program (LTSP) study reevaluating the seismic design bases used
for DCPP as a basis for continuing operations.

The LTSP continues to this day.
There are two key points about this process:

1. DCPP continued operations during the initial stages of the LTSP.
2. DCPP was required to:

a. Identify, examine, and evaluate all  relevant geological data, seismic
data, information, and  interpretations developed since the 1979 ASLB
hearings;

b. Reevaluate the magnitude of the earthquake used  for the DCPP
seismic design basis;

c. Reevaluate the ground motion analyses;
d. Assess the significance of the conclusions from the above seismic

reevaluation studies, utilizing both probabilistic and deterministic risk
analyses, as necessary, to assure the adequacy of the seismic margins.

Diablo Canyon Power Plant’s LTSP as a Model
for Listening



The LTSP was deemed effective from the viewpoint of the US NRC. Here is an
excerpt from the US NRC evaluation in June, 1991:

“The NRC staff finds that the geological, seismological, and geophysical
investigation and analysis conducted by PG&E for the LTSP are the most
extensive, thorough, and complete ever conducted for a nuclear facility in the
United States.  PG&E has advanced the state of knowledge in these disciplines
significantly.”

We believe that the NRA should be open to a scientific conversation with the
utilities, should implement an LTSP, and should allow the plants under question
to continue operations during the evaluations.

An effective process of accurate and open scientific communication between the
utiltities and the NRA is essential before any reasonable progress can be
accomplished.

After an agreed upon scientific communication plan is finalized, then a sound
technical way forward can be developed for an LTSP

Diablo Canyon Power Plant’s LTSP as a Model
for Going Forward


