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1 Each division of the NSCRGs is headed by a general guide, such as NSCRG:L-DS-1.0 appended to which are a series of more
detailed and/or topic specific guides such as NSCRG:L-DS-1.02 Reviewing Seismic Design of NPPs and, then, in greater
application Level II guides such as NSCRG:LDSIIL.05 Geological and Ground Safety Examination of NPPs

2 A listing of the NSCRGs is at http://www.nsr.go.jp/archive/nsc/NSCenglish/guides/nsc_rg lwr.htm
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3 Of course separating aleatory variability and epistemic uncertainty concerns the limits of what could be learned in the future. In
effect, there is no aleatory variability in the earthquake process because, in principle, earthquakes are responding to stresses and
strains in the earth so that, given enough time, sufficient data and understanding will become available to develop reliable and
detailed models of the earthquake process. In other words, since the earthquake process is in theory knowable, there is only
epistemic uncertainty due to our lack of knowledge that will be reduced in time

4" The shelving rate (ie the shallowing of seawater depth in the approach to the coastal beach) determines the run-up height of the
tsunami wave train

5 The earthwork bunds enclosing the southern section of the Fukushima Daiichi acted to reflect back and thereby heighten the
tsunami inundation amplitude over the site area.
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6 SSCs - Structures, Systems, and Components
7 The NRA was created by separating the functions of the former Nuclear and Industrial Safety Agency (NISA) industry watchdog
from the pro-nuclear Ministry of Economy, Trade and Industry (METI).
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8 Some, if not all of the Draft Guides were put out to public consultation and, it is believed, at this stage the Japan Nuclear Energy
Safety Orgamsatlon (JNES) may have contributed to revision and amendment — certainly this was the case for the seismic ground
motlons but JINES does not seem to have contributed directly to the Assessment Guide of Volcanic Effects of APPENDIX 1.

9 No such volcanic hazard specific guide existed prior the regulatory changes brought about by the accident at Fukushima Daiichi,
as noted by the Diet Investigation Commission comprehensive risk assessments addressing earthquake, tsunami, fire, volcano,
collapse of slope had not been conducted.

0" Act for the Establishment of the Nuclear Regulation Authority (No 47, June, 2012) and under the terms of Article 17 of the
Supplementary Provisions of the Act for Establishment of the Nuclear Regulatlon Authority. The revised Act introduced a new
regulation system based on the lessons learned from the Fukushima Daiichi accident, the latest technological findings, trends in
overseas regulations including regulatory requirement stipulated by the IAEA and other international organizations, as well as other
factors.
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11 APPENDIX I includes an unofficial translation of the Contents Listing of ‘The Assessment Guide of Volcanic Effects to the
Nuclear Power Plant (Draft)’ - APPENDIX II provides the (English) tentative titles of new and/or strengthened NRA Safety Guides.
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12 JAEA Specific Safety Guide No SSG-21, 2012 supersedes IAEA PSSS-01, Volcanoes and Associated Topics in Relation to
Nuclear Power Plant Siting, 1997
Proximal/Distal — near to and away from the centre of the eruption respectively
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14 Say where there occurs an atmospheric radioactive release from a whilst there is a volcanic tephra plume

dispersing overhead.

15 'FIGURE 8 is a diagrammatic representation of Figure 3-1 of [35].
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16 FIGURE 9 is a diagrammatic representation of Figure 2.9 of Tlling I R, ‘Volcanic Hazardsss Int Geological
Congress, Washington, 1989 — see Scott E W, Volcanic-Hazard Zonation and Long-Term Forecasts’p19
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17 Tt may be that the Sendai Jfi% building design adopted a higher superimposed load rating — the actual rating
is not known.

18 This calculation is based on the 100 year snowfall for the Kyushu Sendai area,
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FIGURE 12 FLASHOVER

19 Kyushu Electric state that the allowable superimposed load for the Sendai % nuclear island, emergency
generator and other essential services are higher within the range of 4.4 to 9.8kN/m?2.

20 When dry, ash typically has a low conductivity (high resistivity) to electrical current, but when wetted, the
soluble salts on the surface are mobilized and lower the resistivity. Many factors influence flashover potential from
volcanic ash contamination, including grain size, soluble salt content, ash fall thickness, shape and composition of
exposed components, network configurations and weather conditions before, during and after the event. Because
flashover is more prevalent with finer grained ash, failures of the electricity grid distribution and supply systems
may occur at distal locations. — see [43] for a detailed exposition on this and related infrastructure topics.

21 Experience from impacts of the 1980 eruption of Mount St Helens volcano on electrical networks [44] suggests
that transmission networks are generally less vulnerable to ash-induced flashover than distribution networks.
Transmission networks (110—500 kV) were able to withstand ash falls of 6-9 mm before serious flashovers occurred.
However, on smaller distribution networks (33 kV) and domestic supply voltages (400 V) which received the same
thickness of ash, flashovers were a more common problem, leading to sustained power outages of the higher order
transmission system for several hours or longer.
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22 Tephra particles vary greatly in size, ranging from a mixture of large to small particles near eruptive vents, to
very fine particles at long distances. Glass shards of about 2mm equivalent aerodynamic diameter ranging as small
as about one-tenth of a micrometer are common in downwind ash in the distal zones.

23 Of a typical tephra composition: Pumice is a highly voided, mainly of glass low density (0.7 to 1.2g/cm3)
composition of about the same hardness of glass at about 5 Moh, a little softer than the blade of a steel knife — Glass
shards are of higher density (~2.4g/cm?) at 5 Moh — Lithic fragments are dense (~5 to 7g/cm?) about 7 Moh,
equivalent to a high quality steel knife blade — Crystalline Fragments are typically coated with magma glass ((~2.5
to 5g/cms3) of about 5 to 7 Moh.

24 Tephra glass and crystalline minerals are relatively inert and decompose slowly under the normal climatic
conditions although fragments may be coated with soluble salts and liquid condensates from the eruption — when
moist these salts may mobilise to improve the adherence of tephra thin films to smooth surfaces, such as glass and
porcelain insulators.
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Holc. RRFEBHADOREIRR D 1 )LY—ERP. FIf T BReREERIARI I I
SF—[51] OERTHODEfFEE 2BEDEMMARER R (GEAY 2 EVWDSEEFE
FICET2ERTH D, ZIZL. CTTORELMGE, BIRICKDEEFTD &T 1)L —3HDIA
ETH3.

25 The Columbia PWR Ji% is about 220km and 165km to the east of the Mount St Helens and Mount Adams
volcanoes respectively.

26 Energy Northwest, Abnormal Condition Procedure ABN-ASH ME-02-87-95 — this is not a publicly accessible
document although details of which are cited in [51]
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27 But note this example does not show ventilation air intake filters — at Columbia the emergency generator room
air ventilation filters were in the flow path op the combustion air filters.
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FIGURE 15 RESUSPENSION OF TEPHRA SURFACE

LAYERS BY VEHICLES

28 Heating, ventilation and air conditioning (HVAC) systems are essential for a healthy working environment
inside inhabited buildings and, particularly, for maintaining critical components of infrastructure in working order.
Many electronic control systems cannot function without external cooling, due to the heat generated by internal
computers and electron processing — for example, most telecommunication exchange and mobile cell facilities
require constant air conditioning. Air conditioners are known to be vulnerable to ash blockage, corrosion and arcing
of electrical components, and air-filter and heat transfer coil blockage.
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FIGURE 16 SENDAINUCLEAR POWER PLANTS
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EHDEEZITOHE . TNSHIRESN CLDRERFEOMDEZEHREDLLTEMZIRIE(CTD
BDTH D TFRS/RN,

AMEBHICLD. FILWLWRFHRF LB THIRFHRHEESADREEZ (L. AERESH
FBHILTWLWBEDIC [55]. BERICHITDNULEBIOFZE(CEAL T, ARRIESNIZEIERR
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47. Section III-4.2.2 -about 8 pages of Japanese kanji writing characters.

48. Of course, VEI 7 and 8 events are so severe effects, being continental and global in scale, that the
radiological impact of one or more NPP failures might be considered relatively insignificant compared to the
widescale environmental and human loss likely to be encountered.

49, The Druitt, et al 2012 work[56] examines the pre-eruptive processes occurring in the magma reservoir of
a past (17th C) eruption of the Santorini Volcano in Greece. It evaluates the timing for changes in silicic
crystals in the magma reservoir of a volcano perched on the edge of a caldera-forming eruption. For the
Santorini volcano a recharge of and increase in volume (by at least a few km3) of the magma reservoir with a
silicic magma is shown to have occurred rapidly (at >0.05km3/y compared to typically ~0.01km3/y) during the
relatively short and transient volcanic timescale of about 100 years prior to eruption following an 18,000 year
gestation period since the previous major eruption. However, the authors of this innovative work
acknowledge that it is based on a limited study of a single volcano; that the high magma reservoir recharge rate
of 40 to 60km3 requires a low viscosity melt and very efficient mixing at a high convective Reynolds No; and,
amongst other things, that the addition of a few km3 of magma into the reservoir would require a significant
total uplift of tens of meters, at an average rate of ~1m/y over 100 years, compared to observed rates of
sustained uplift of 0.15 to 0.2m/y (Iwa Jima caldera), so the absence of such significant caldera uplift means
that the accommodation of the reservoir growth has to be by an equally rapid rate of subsidence or
downsagging, which is not readily detectable.
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