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1 Context
The Third Party Review Meeting (TRM) and Independent International Review Group (IRG) visited
Tsuruga in July 2013 and examined the evidence related to the activity of faults in the bedrock at
Tsuruga NPP. We submitted a report to JAPC on 28th August 2013 providing our views on the issue
of fault activity and making recommendations for how JAPC and NRA might proceed based upon
internationally recognised methodologies (the International Atomic Energy Agency, IAEA, an agency
of the United Nations) for resolving such issues. In simple terms, we agreed with JAPC’s finding that
the specific faults of concern to NRA (G/D-1 and K) are not active, according to NRA’s definition of
‘activity’. Our main recommendation was for JAPC and NRA to consider working together so that the
seismic hazard analysis of the NPP can be continually improved and updated with new data and
techniques, as they arise (‘living safety assessment’), based on the most up-to-date international
standards.
Subsequently, in January 2014, NRA has visited Tsuruga NPP with an expert group to evaluate the
2013 JAPC information but has not significantly changed its position from May 2013 (that the G/D-1
and K faults are ‘active’).
We have reviewed additional material supplied to us by JAPC on 26th May 2014, including:
•

Material presented by JAPC to NRA on 14th April 2014;

•

NRA presentations on 14th April 2014.

We have also revisited the Tsuruga site this week to examine the physical evidence again.
Our overall finding is that there is no need to change the conclusions in our international
review report dated 28th August 2013.

2 The G/D-1 Fault
The inactivity of the G/D-1 fault (based on NRA’s definition of activity) no longer seems to be a
disputed issue. The NRA experts have not raised any further issues about this fault since last year.
G/D-1 has completely different characteristics to the K fault and it is an old fault with no evidence of
activity since the oldest superficial sediments (Layer 1) were deposited. There is certainly no evidence
of activity in the last 130,000 years.
This means that there is no active fault beneath Tsuruga NPP Unit 2.

3 The K Fault
Assessment of the time of the last movement of the K-fault is based on information from volcanic ash
(tephra) layers in the sediments that overlie the fault (particularly in Layer 5) and from the structure of
the fault.

3.1 Age of the tephra
The tephra in Layer 5 (L5) is of low concentration, so a broad range of evidence is needed for robust
identification. The Mihama tephra has a distinctive chemical composition and is a particularly useful
time marker (age 127,600 years) in the sediments lying above the faults being studied. It is used to
bound the time of the last activity of the G/D-1 and K faults.
There is some scatter in the major element cross-plots, but overall the data are comprehensive and
show good correlation with the tephra in the Tsuruga Bay marine borehole core and the Mihama
tephra type locality. JAPC has studied Mihama tephra distribution and characteristics across a wide
regional area around Tsuruga (up to about 60 km away). JAPC has supplemented chemical analytical
data on hornblende phenocrysts (crystals that are part of the tephra) by evaluating the chemistry of
orthopyroxene phenocrysts.
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We note that JAPC has responded to our previous recommendation to carry out a statistical analysis
of hornblende chemistry, which provides convincing correlation of hornblende phenocrysts in lower L5
with the Mihama tephra. The concerns of NRA’s experts that the characteristics of the Mihama tephra
are different at different locations is not considered relevant, as such variations in thickness and
degree of weathering, for instance, are to be expected.

The phenocryst concentrations can be correlated with distinct silty sand/gravel sediment horizons in
lower L5 and are not mixed throughout L5. The absence of phenocrysts in the lowest part of L5 is
indicative that the sediments below the Mihama tephra are older and that there has not been upward
mixing of material into the Mihama tephra. This latter possibility seems to have been a major concern
of NRA’s experts. We deduce that the emplacement of Mihama tephra took place primarily by air-fall.
There has been some later re-working (for example, by rainfall), but this took place very early in the
deposition of the L5 sediments. The lowest part of L5 is thus older than the Mihama tephra and the
fact that it is not cut by the K fault establishes that the fault movement must be older than 127,600
years.
The sediments above and below the Mihama tephra have also been demonstrated to be the same
(terrestrial deposits) in both the Tsuruga D-1 trench and several borehole cores. They record the
transition from Pleistocene stage MIS 6 deposits, upward into MIS 5 deposits, approximately 130,000
years ago.
Pollen analysis provides independent evidence for a warm climate during the period in which the
Mihama tephra from Tsuruga Bay marine core and lower L5 was deposited and is thus well correlated
to MIS 5e age, which was the last interglacial warm period. The sedimentary transition from terrestrial
gravel to shallow marine deposits in the Tsuruga Bay marine core, in the section described by Yasuno
in 1991, illustrates the transgression of the sea across a former land area as the climate warmed.
Although this sedimentary transition is not so clear at the D-1 trench, multiple lines of evidence from
tephra, pollen, and stratigraphic correlations to other sites combine to provide a robust and confident
basis for assessment at the D-1 trench.

3.2 K-fault activity
We consider that it is possible that the K fault was caused by movement on the Urasoko Fault. The
same view is expressed by one of the NRA experts who suggested that it is a secondary fault,
resulting from movement on a primary seismogenic fault – here, the Urasoko Fault. We consider that
this probably occurred as a single event. We therefore consider that a rapid reduction in slip toward
the end of a secondary fault is to be expected, especially if it lies within the narrow ‘damage zone’ of a
primary seismogenic fault.
In this respect, a key observation is that the evidence indicates that the movement does not extend
more than about 60 metres from the Urasoko fault at any point and its last identified location with any
minor movement prior to the Late Pleistocene is about 270 metres from NPP Unit 2.
The K fault has an upper termination in L3. There is no evidence for activity during the Late
Pleistocene on any of the exposures in trench D-1.
Therefore the K fault cannot be classified as ‘active’ according to NRA’s definition.
We also note that JAPC has re-evaluated the displacement pattern on K using an updated and
improved geometrical approach. This has produced broadly similar values to those from their 2013
analysis. Regarding the upper termination of the K fault on the NW wall of the D-1 trench, a concern
of a NRA expert was that “displacement is bigger at the lower part of outcrop and it decreases or
vanishes at the top of L3.”. If this were true, the most recent rupture on the K fault might have taken
place at any time after the deposition of L3. However, JAPC analyses of displacement and
deformation clearly demonstrate that a similar amount of total displacement and deformation
terminates within L3, not at the upper surface of the layer. Therefore, the most recent rupture of the K
fault was within the age of L3.
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4 Looking forwards
There is clearly need for better dialogue between NRA and JAPC. We reiterate our key observations
from last year:
•

there is clear evidence that the K and G/D-1 faults at the Tsuruga NPP are not active:
they have not moved in at least the last 120,000 to 130,000 years;

•

there is a sound scientific basis for JAPC and NRA to enter a dialogue on continuing
and improving (kaizen) the seismic safety evaluation and management of the NPP.
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