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5.12. As indicated in para. 2.7, in some States a value for the annual probability of

10—7 1s used in the hazard assessment for external events as one acceptable limit on the

probability value for interacting events having radiological consequences [2]. As

volcanism is an external hazard, an annual probability of renewed volcanism in the

region around the site (i.e. the occurrence of an eruption) at or below 10—7 could be

considered a reasonable criterion for initial screening. As there is some small likelihood

that a hazardous phenomenon could reach the site if an eruption occurred, the value of

10—7 i1s a reasonable basis for initially screening potential volcanic sources of initiating

events. However, the acceptable limit value of the annual probability of occurrence of a

specific hazardous volcanic phenomenon should be established by the regulatory body.

5.12, /X7 777 2. TITRINTWAH X HIZ, EIZL - T, IMBFEGOfEK
P& TN 2B, MR E 35 X 5 i A/ERZH T2 FR N4 U LR
DFRBEHRLE LT, 10 "OFEMERDMEE ATV D, KITEENIAE 722
VA7 ThDHI-H, PIHEEEICV T, FRSHEHTT o #Hilsk T o7z 72 K s
g (TRbbMEAkDIA) OEMBERNLO0 "HOINIFAUTTHD Z &1
AHEMREELEZOND, b UEAPEE 56, LR FRNFEREEHIC
T A/NERAEMENHDLDOT, 10 "W IHEITAKLIFESRE2S X ZTHK
IZOWTHIHIHEEZ T -0 GBI/ 5, Ll BIR 7GR
KILFEG DI A DF MR O AR IEIL, BHEERIC L > TSI H &
Thd,

21


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

6.11. Pyroclastic flows, surges and blasts, known collectively as pyroclastic density currents,
accompany not only explosive volcanic eruptions but also effusive volcanic eruptions that form lava
domes and thick lava flows. The impacts of pyroclastic density currents are very severe for obstacles
in their flow paths as these flows move at high velocities, and are commonly at high

temperatures (e.g. more than 300°C). In addition, they are destructive, owing to the momentum of
the massive terrain enveloping mixture of hot lava blocks, ash and volcanic gas. Deposits from
pyroclastic density currents can exceed tens of metres in thickness. The effects of pyroclastic density
currents may exceed many common design bases and, thus, they should be considered an
exclusion criterion for the site (see Table 1).
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6.12. Pyroclastic flows can be controlled topographically, but pyroclastic surges and blasts are less
constrained by topography and commonly overcome most topographic obstacles. All types of
pyroclastic density current are known to surmount topographic obstacles in some circumstances and

to flow across large bodies of water.
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6.13. The hazard assessment for pyroclastic density currents for each capable volcano should
consider:

(a) The potential sources of explosive volcanic events and lava domes and flows that may collapse;
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(b) The magnitudes of potential volcanic eruptions and the physical characteristics of eruptions that
result in pyroclastic density currents;

(c) The frequency of explosive volcanic eruptions or dome collapse events that lead to different
types of pyroclastic density current;

(d) The topography between source regions and the site that can affect the flow path and the extent
of pyroclastic density currents;

(e) The secondary effects of deposition from pyroclastic density currents, such as the increased
likelihood of lahars and debris flows.
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Deterministic assessment

6.14. A deterministic approach should consider the volume and energy of the pyroclastic density
current resulting from an eruption and hence should establish threshold values on the basis of the
potential maximum travel distance (runout).

Screening distance values for these phenomena can be determined on the basis of the volume and
nature of pyroclastic density current deposits exposed within the geographical region of concern or
by referring to flow events identified at analogous volcanoes. Potential runout can also be estimated
by using numerical models. The uncertainties in the various parameters should be properly taken
into account.

6.15. The threshold values specified for pyroclastic flows, surges and blasts are not necessarily the
same. Surges, for example, may also form from pyroclastic flows and may extend several
kilometres beyond the pyroclastic flow front. In this circumstance, the screening distance value for

pyroclastic surges will generally be greater than that for pyroclastic flows.
TR E i Y R A
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Probabilistic assessment

6.16. The probability of occurrence of pyroclastic density currents should be calculated as a
conditional probability of an eruption of a given intensity, multiplied by conditional probability
distributions for:

(a) Occurrence of pyroclastic density currents;

(b) Runouts of these phenomena;

(c) Directivity effects.

The value for conditional probability of pyroclastic density currents should be representative of the
physical properties of the magma, the dynamics of the eruption, including interaction with
hydrothermal and groundwater systems, and the physics of flow spreading and diffusion. In many
circumstances, the past frequency and nature of pyroclastic density currents from the capable
volcano, and from analogous volcanoes, can be used to refine the estimate. Uncertainty in the
resulting hazard curves should be expressed by confidence bounds and the basis for selection of the

reported confidence levels should be documented.
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Factors to consider in site selection, site evaluation and development of the design basis
6.17. As indicated in Table 1, the effects from pyroclastic density currents should be considered
one of the exclusion criteria for the site,  since these effects cannot be mitigated by appropriate
measures for design and operation.

For either deterministic or probabilistic assessments,  several additional factors should be
considered in making judgements on site suitability in relation to hazards posed by pyroclastic
density currents. Both threshold values and probability estimates relating to most pyroclastic density
currents could be evaluated using the energy cone model,  which is an empirical model commonly
used to estimate potential runout distances. More sophisticated numerical models of pyroclastic
density currents coupled with Monte Carlo simulations or other applicable simulation techniques can
generate probabilistic assessments of runout and the corresponding destructive effects. Although this
is an area of intense research in volcanology. comprehensive dynamic models of pyroclastic flows
and surges are not yet fully established. Consequently, a variety of observations and modeling
approaches should be considered in both deterministic and probabilistic assessments. Pyroclastic
density currents can give rise to secondary hazards, such as tephra fallout, debris flows and
tsunamis.
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TABLE 1. VOLCANIC FHENOMENA AND ASSOCIATED CHARACTERISTICS THAT COULD AFFECT NUCLEAR

INSTALLATIONS, WITH IMFLICATIONS FOR SITE SELECTION AND EVALUATION AND DESIGN

Considered an Can efects be mitizated
Phenomena Potentislly sdverse characteristics for muclesr installations  exclusion condition at by measures for design’
zite selection smze? and operation”
1. Tephra falloar Static physical loads, sbeasive mnd comrosive particles in it and No Tes
Water
2. Pyroclastic density cumrents:  Drynsmic physical loads, simosphernic overpressures, projectle ez Fo
pyroclastic flows, surges and  imipacts, temperatures =300°C, abrasive particles, toxic gases
blasts
3. Lava flows Drynzmic physical loads, floeds and water impommdments, Tes Ho
temperanmes =TT
4. Debnis avalanches, landslides Drynamic physical loads, stmospheric overpressures, projectle e e
and slope failures ingpacis, water impowmdments and floods
5. Volcanic debris flows, lahars  Dynamic physical loads, water inpoumdments and floods, Yes Tes
and floods suspended partioulates in water
6. Opening of new vents Drymamic physical loads, sround deformation volcanic Wi e
earthquakes
7. Volcano generated missiles Particle impacts, static phiysical loads, sbrasive particles in water Wes Tes
8. Volcanic gases and serosols  Toedc and corrosive gases, acid main, gas charged lakes, water o Tes

contEmination

TABLE 1. VOLCANIC FHENOMENA AND ASSOCIATED CHARACTERISTICS THAT COULD AFFECT NUCLEAR
INSTALLATIONS, WITH IMPLICATIONS FOF. SITE SELECTION AND EVALUATION AND DESIGN (cont.)

Comsidersd an Can effiects be mitigated
Phenomens Potentially adverse characteristics for nuclear instsllations  exclusion condition st by measures for desizn®
site selection stage? and aperation”
0. Tounamis, seiches, crater lske  Water inindation Tes Tas
10, Ammospheric phenomena Drynamic overpressimes, lizhming saikes downburst winds No Tes
11. Ground deformation Grommd displacements, subsidence or uplift. titine, landslides Wes ¥a
12. Volcanic earthquakes snd Contimous tremor, nmltiple shocks, usually earthquake No Tes
related hazards mazmitude M < 5
13. Hydrothermal systems and Therms] water, corrosive water, water confamination, Tes Tes
Eromndwater anomslies immdation or upwelling, hydrothermsl alteration, landslides,

modification of karst and thermokarst, sbrupt change in
hydraulic pressure

Note: 4 “Yes' i the site selection stage cohmmn indicates that the presence of & significant hazard from this phenomenon in the site vicinity generally
comstimates a site exchiion criterion, ie. the site is not saitsble for 3 nuclesr installadon. The design and operaton column indicates the general
practicality of mitizating the potentiz] harard associated with particular phenomena by either facility desizn or operations] planning. A “Yes" in both
columns indicates that, in principle, this phenomenon constitites a site exclusion criterion, althouzh for some cases a desizn basis may be achisvable.

* Desizn also inchades the design of site protection measures for some of the hazards,
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FIG II-1. Map showing the global distribution of subareal and submarine volcanoes, active

during the past 10 000 years, including major plate boundaries (dotted lines). Data courtesy of
the GVP [II-5].
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