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Abstract. The paper reports results of an assessment conducted, by special appointment
of the Regulator, on potential radiological consequences of a virtual sabotage attack on
a road transport of spent nuclear fuel (SNF), en-route for repatriation to the original
supplier for processing and final storage. The Operator in charge was 'Horia Hulubei'
National Institute of Physics and Nuclear Engineering, IFIN-HH, Bucharest and the
sensitive cargo originated in the domestic VVR-S nuclear research reactor currently in
decommissioning. The operation was conducted within the provisions of the Russian
Research Reactor Fuel Return Program (RRRFR), with assistance from the
International Atomic Energy and the U.S. Department of Energy. The analysis in the
sequel comes as a second essay in digesting and implementing the notion – nonorthodox from a conventional PRA standpoint - that the likelihood of an improbable,
yet consequential 'unplanned' radioactive release should be taken into account in the
authorization process, of such operations. The first 'black swan' [1] considered was a
case of SNF repatriation by air [2] and has postulated an early plane crash in the takeoff
phase; staying with the metaphor, this second case looks for 'black swans' crossing the
road to the airport, on the instigation of vicious goose-herders.
Key words: spent nuclear fuel, road transportation, terror hit, safety risk assessment.

1. INTRODUCTION
1.1. THE PRECEDENCE
In a preceding paper [2] these authors and colleagues went at some length
trying to justify and technically-substantiate a special request by the Regulator,
occurring on top of the original Safety Report required in the authorization process
of a spent nuclear fuel repatriation from the nuclear research reactor currently in
decommissioning on their institution premises. In essence, the request called for
going beyond the design basis PRA discipline of the standard report by assuming
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and verifying a credible scenario for an improbable yet consequential release of
radioactivity from the transportation containers during a repatriation shipment by
air. The scenario as designed rested on the following storyboard:
a) The radioactive environmental release occurred as a consequence of an
accidental plane crash.
b) The plane crash intervened shortly after take-off from the airport of origin,
with fuel tanks fully loaded (an event with, incidentally, had a dramatic precedence
in a high-toll civil airliner accident in 1995) and the impact took place on one of
the populated areas that abound nearby.
c) The ignition of ca. 200,000 L of fuel ensuing would result in a fire of
anything between 1 and 7 hour duration (assumed unattended), which would
entrain at heights ranging from a few hundred to more than a thousand metres the
radioactive material and the contaminated ashes, so that the consequent plume
dispersion and ground deposition would result in radiation doses that, over
significant areas, would have exceeded several regulatory, precautionary levels (in
the order of 10 µSv to 1 mSv); and would have even justified limited countermeasures
such as sheltering and/or evacuation (10 to 30 mSv and more).
Upon these, the unavoidable conclusion was that, while keeping in mind the
reassuring evidence (based on impact and fire resistance testing by the
manufacturers) on the transportation casks safety, the likelihood of a severe - in
terms of environmental contamination and public exposure - radiological accident
entailed by the airborne evacuation of the SNF cannot be entirely dismissed.
Pleading for the low probability of such an event is, essentially, the good
safety record of the air carriers in comparison with ground, single or multi-modal
solutions.
Pleading for a likelihood not-to-be-ignored was, on the other hand, (i) the
evident recurrence, over the past decades, of low-probability-high-consequence, or
even ‘unimaginable’ – ‘black swan’-class nuclear accidents; and, at grass-root level
(ii) the inherent and formally-identified limitations in regard with containment
structures resistance to extreme strain such as high accelerations, or fires of high
temperature and/or long durations, beyond design-basis assumptions.
1.2. THE CHALLENGE AT HAND
Following the delivery of the first Operator’s ‘minority report’ as described,
the bet was again raised by the Regulator, who asked for a similar exercise be
conducted in view with the possible consequences of a terror hit on the sensitive
SNF cargo, on its way from the onsite wet storage pond of origin to the airport of
departure. Talking a crime, the first thought was on motives. The issue was rather
easily expedited, in view of the sad evidence available, including 9/11; a
radioactive waste multi-million-dollar black-market [3]; the ‘dirty bombs’
temptation [4]; and the verified and persistent low chances in ‘winning over the
guerilla’, no matter what cause it fights for.
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In an attempt to reveal the safety and security deficiencies haunting the
transport of radioactive materials, on July 21, 2006 ‘The Daily Mirror’ reported
that one of their reporters was easily able to plant a fake bomb on a train carrying
nuclear waste. The reporter, “exploited security lapses to wander up to the
unattended wagons at a North West London depot. A terrorist could have blown up
the waste - sparking a vast toxic cloud that would have killed hundreds.” The
newspaper quoted nuclear transport expert Dr. John Large stating that an attack
on containers of radioactive waste “could kill over 8,000 people in an instant; and
release a poisonous cloud of up to 259 km2 across Britain.” It was also contended
that the train could have been hijacked by anyone with a basic knowledge of
driving trains [5].
Such findings have left the authors with a clear and present need to examine
the variables involved, including (a) likely methods of attack; (b) potential
locations for the hit; (c) the outcome of a successful attempt; and (d) the shipment
vulnerabilities, again directly related to transportation casks safety performance,
like with the early flight crash scenario [6].
The input offered by the Operator consisted in cask specifications and the
number of fuel assemblies envisaged, carrying a mix of 41 substances featuring
205 radioisotope and the respective activities. The assessment relied on runs of the
computing resources available with the IFIN-HH Department of Life- and
Environmental Physics, including the domestically-developed and maintained
software SAT (Situation Assessment Toolkit) and, for comparison and result
consolidation – HotSpot, developed under the auspices of the U.S. Lawrence
Livermore National Laboratory [7].
2. THE DIRECT-HIT MODEL SCENARIOS
Alternatives considered, the storyboard came to focus on two pieces:
I. The route of election, taken as the most direct track towards the airport of
departure that avoids the Nation’s Capital downtown area (the Beltway), yet which
cannot avoid crossing another town, of sizeable population and considerable assets
(extensive real estate and major transnational vendors) – Fig. 1.
II. The crime weapon – of a type and caliber that would meet the minimum
requirements for achieving the objective: to penetrate, or totally destructure, the
SNF container while also maximizing the radiological effects ensuing.
One likely candidate turned out to be the U.S. M9A1 hand-held rocket
launcher [8]. From among its features (see the box following) one has retained (i)
the convenience of use – a weapon relatively easy to dissimulate, assembly and
manipulate; and (ii) the comparatively low amount of explosive involved, which
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was important in assuring a low rise of the radioactive release resulting from either
container penetration or destructuring, meaning a more severe irradiation at ground
level, as appropriate in a conservative radiological assessment.

Fig. 1 – The road transport route and place of the event assumed.

M9/M9A1 [8]
• Length: 61 in (155 cm)
• Caliber: 2.36 in (57 mm)
• Weight: 14.3 lb (6.5 kg)
• Warhead: M6A3/C shaped charge (3.5 lb, 1.59 kg), pentolite
Range
• Maximum: 400–500 yards (370–460 m)
• Effective: (claimed) 120 yards (110 m)
Crew: 2, operator and loader (M9) or 1, operator and loader (M9A1)

In pointing at a possible weapon, the challenge was to elucidate the problem
of penetrating and/or destructuring a (streamlined) cylindrical container made of
highly resistant steel, with an outer diameter of 860 mm and an inner diameter of
680 mm, i.e. an effective thickness of 180 mm. As reference, the stainless steel
AISI type 403, known to be widely used in the nuclear industry was considered [9].
It was found that the order of magnitude of its tensile strength can only be dealt
with by a kinetic delivery or equivalent explosion on full impact, or in a close
proximity.
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The Sadovsky model [10]:
• Open space explosion:
dPo = 0.84 Ktm1/3/r + 2.7 Ktm2/3/r2 + 7 Ktm/r3
• Ground level explosion (maximal effect):
dPg = 0.95 Ktm1/3/r + 3.9Ktm2/3/r2 + 13 Ktm/r3
with Ktm = Kt.m;
r (m) – blast distance to target surface;
Kt = 1 for TNT, or
Kt = wTrueExplosive/wTNT – ratio of explosion yields in MJ/kg;
m (kg) – explosive mass.
One has:
- Total energy of explosion:
E =(0.230/2)*wTNT + (0.230/2)*wPETN = 1.14379
with wTNT = 4.19 MJ/kg
wPETN = 5.756 MJ/kg
- Equivalent masses:
TNT: mTNTeqv = E/wTNT = 0.27298091 kg
PETN: mPETNeqv = E/wPETN = 0.19871265 kg
For TNT one takes, in the Sadovsky equations,
Kt = 1,
m = mTNTeqv;
For the PETN equivalent:
Kt = wPETN/wTNT = 5.756/4.19 = 1.37374702,
m = mPETNeqv

The weapon’s penetrating power was assessed by first considering several
elements of guidance available in the public literature. Thus, it was found that:
• a minimal explosive charge – a shaped charge of 0.23 kg pentolite – the
explosive used in the M9A1 (bazooka) rockets, can penetrate up to 130 mm
of armor [11];
• the explosion overpressure as a function of the distance to the target (see
Table 1), obtained with the Sadovsky model may indeed fit the notion of
penetration/destructuring.
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Table 1
Overpressure as a function of blast distance to target, according to the Sadovsky model
Distance
(m)
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00

Overpressure
Open
(MPa)
194775.30
24492.88
7300.81
3098.62
1596.10
929.28
588.76
396.84
205.68
27.35
8.63
3.88
2.12
1.30
0.87
0.62
0.46
0.36

Ground
(MPa)
361246.43
45366.01
13504.52
5723.88
2944.38
1711.94
1083.15
729.06
376.83
49.41
15.37
6.81
3.66
2.23
1.47
1.04
0.76
0.58

In fact, it was determined that as much as a fraction of 0.230 kg from the total
1.590 kg pentolite load of a M9A1 rocket can develop, starting from 7–8
centimetres to the target, an overpressure of 756 MPa that would suffice to break
an assumed AISI-403 steel structure of a SNF container (which probably stands for
only a lower-rank sibling of an armored vehicle).
Admitting the possibility of an inadequate reasoning, especially considering
the difference between ‘breaking’ and ‘penetrating’, and the ‘kinetic delivery’ and
‘explosion’; as well as given the only indicative nature of data, the authors have
however retained the following as working hypotheses:
a) The B-type container can be penetrated, in principle, with only a fraction
of about 14% of the explosive energy of a M9A1 projectile, which makes such an
occurrence possible with a notable probability.
b) The excess energy, of 86% can go to:
– either propelling, chiefly by mere buoyancy, the hot gas fraction (tritium
and krypton) and volatiles (caesium) of the radioactive nuclide mixture that would
quasi-adiabatically be ejected through the punch-hole, elevating the exhaust to a
certain height above ground and favoring a relatively extensive dispersion; or to
– totally destructure the container, making available for dispersion the entire
mixture of radioactive nuclides (assumed to have been brought to an airbornegrade form), but leaving less energy (heat) available for cloud ascension, which in
turn would lead to a less extended air dispersion, mostly in the proximity of the
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incident area, naturally accompanied by a heavier ground contamination. Such a
far-fetched hypothesis was eventually considered unlikely, yet not impossible.
Of key interest for the amplitude and strength of the radiological effects of
breaching the casket containment structure appeared to be the explosive mass
balance involved in the afore-described processes (see the box following).
Explosive mass balance
---------------------Rocket explosive load: 1.590 kg pentolite
Wasted on target penetration: 0.230 kg pentolite
Available for plume rise: 1.590 - 0.230 = 1.360 kg pentolite,
i.e. 1.61415 kg TNT-equivalent
THE CURRENT APPROACH
Cf. 'NSR-23 Normele privind calculul dispersiei efluentilor radioactivi
evacuati in mediu de instalatiile nucleare.' Ordinul Presedintelui
CNCAN nr.360 din 20.10.2004. Monitorul Oficial al Romaniei, Partea I
nr.1.159 bis, 08.12.2004.
Height, top of cloud (m)
Effective height (m) 83
Cloud radius (m)
Sigma Horizontal (m)
Sigma Vertical (m)

104
20
10
20

Note: Top of cloud height, Hcld, in metres computed as:
Hcld = 76*(wexp^0.25) 'all stability classes
where wexp - explosive mass, in lb.
THE CONSERVATIVE APPROACH
Cf. 'HotSpot - Health Physics Codes Version 2.07.2 User’s Guide'
September 8, 2011

Height, top of cloud (m)
Effective height (m)
Cloud radius (m)
Sigma Horizontal (m)
Sigma Vertical (m)

Unstable
Stable or neutral
atmosphere
atmosphere
----------------------------------------50
40
40
32
10
8
5
4
10
8

Notes: Top of cloud height, Hcld1,2 , in metres computed as:
Hcld1 = 27.4*(wexp^0.48)
Hcld2 = 23.3*(wexp^0.44)

'unstable atmosphere
'stable/neutral atmosphere

where wexp - explosive mass, in lb.

The mass balance is, in effect, the factor determining the effective dispersion
plume height which, in turn, determines the extension of the exposure and

830

D. V. Vamanu, V. T. Acasandrei, B. I. Vamanu

8

contamination: the higher the plume, the larger the area affected, yet the lower the
exposure and contamination strength.
The reckoning shows a remarkable similitude with the situation encountered
in the early plane crash scenario assumed in the preceding paper [2], where the
driving role of the explosive was held by the plane fuel spilled out on the crash site.
The parallel is captured in Table 2.
Table 2
The meaning of the mass (energy) balance
Scenario

Driving Energy

Wasted for dispersion

Available for dispersion

Anti-armor hit

Explosive load

On kinetic/explosive
penetration

Remanent heat load

Early plane crash

Fuel load spilled

By fireball and cold spill

Fuel fire flow heat

Along with the thinking above, the following alternative scenarios were
examined (Fig. 2):
– S1 (technically possible, probable): the penetration of the B-class container
on the account of a fraction of the explosion energy, followed by the rise at a
stabilized height of 83 mAG and subsequent atmospheric dispersion of the hot gas
(tritium and krypton) and volatile fraction (caesium) of the nuclides mixture, on the
account of the energy remainder.
– S2 (still technically possible, yet unlikely): total destructure of the container
on the account of, virtually, the entire energy of the explosion, followed by a nearground dispersion. Given the complexities in modeling dispersion under the
barometric height of 10 mAG, a height of 32 m (close to the 30 m adopted by U.S.
NRC for a ‘ground release’ [12]) was adopted.
The direct irradiation, of special interest for intervention workers that would
be involved in close-range clean-up operations was also examined, using a
conventional point-source model.
The analysis has retained S1 as the most plausible scenario. The high severity
S2 scenario that would entail notable radiological consequences in terms of health
effects at source, interdiction of access, as well as precautionary evacuation,
sheltering and dose constraints breaches in a distance, while however evaluated
was eventually regarded as a rather academic hypothesis.
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Fig. 2 – The direct-hit alternative scenarios.

3. RESULTS
Taking into account the possible combinations of source term components –
nuclide mix effectively released; plume rise energy drivers; and the atmospheric
stability contributor to plume rise and dispersion, the following situations were
considered as bounding cases:
• gases and volatiles at high altitude (83 m);
• all radionuclides near ground (32 m).
3.1. SAT CODE RESULTS
The SAT code has provided the following result types:
• tables of variation with distance, downwind, for a variety of dose and
related physical quantities relevant in an atmospheric dispersion.
Reference distances from source of 5, 15 and 80 km were chosen so that
significant doses be properly emphasized in the dose-to-distance tables
(Table 3);
• maps of the circular contours of areas of special interest bounded by
regulatory intervention levels of Total Effective Dose Equivalent - TEDE,
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of prime importance in considering countermeasures - sheltering,
evacuation, interdiction (Figure 3);
• representative maps of the expected TEDE isodoses - anticipated on
specified atmospheric stability classes (Pasquill - A, D and F). (Figures 4,
5 and 6).
A summary of the results is given in Table 3.
In all cases, the following TEDE levels were given special attention:
• ≥ 100 mSv – interdiction area banning unauthorized/unattended access dose thresholds entailing acute health effects may be exceeded;
• ≥ 30 mSv – evacuation of persons from the general population;
• ≥ 3 mSv – sheltering of persons from the general population;
• ≥ 1 mSv – the maximum annual dose allowance for persons from the
general population, from all sources;
• ≥ 0.010 mSv – dose constraint for persons from the general population;
• Maximum downwind levels of TEDE and the respective distances.
Table 3
Attention areas, by radius and TEDE levels:
max. – maximum; (1) – interdiction; (2) – evacuation; (3) – sheltering
Source terms

Gases and
volatiles
(83 m)

Stability Class
(Pasquill)

Circular
area
(km)

D

15

F

80

A

All nuclides
(32 m)

D

5

15

Distance
(km)

TEDE
(mSv)

0.234

1.26

0.117

2.13 max.

8.750

0.14 max.

0.039

30.71(2) max.

0.195

2.88(3)

0.117

1075.36 max.

0.234

468.55

0.352

320.80

0.469

303.68

0.586

259.04

0.703

216.24

0.820

180.94
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Table 3 (continued)

F

A

80

5

0.937

152.86

1.055

130.62

1.172

112.88

1.289

98.59(1)

2.812

30.79(2)

15.00

3.02(3)

1.250

126.65

1.875

140.00 max.

2.500

124.89

3.125

107.06(1)

10.62

30.60(2)

80.00

3.88(3)

0.039

5005.08 max.

0.078

1673.08

0.117

829.59

0.156

496.05

0.195

330.709

0.234

236.70

0.273

178.12

0.313

139.11

0.352

113.63(1)

0.742

29.68(2)

2.656

3.00(3)

Following the table are a few graphic examples of severe cases, featuring a
plume rise of 32 m; the involvement of the full nuclide mix; and a class-A
atmosphere. Maps render in Fig. 3 render attention areas recommended for
interdiction (Fig. 3a); evacuation (Fig. 3b) and; sheltering (Fig. 3c). No specific
wind direction is assumed in such screening-grade evaluations.
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Circular areas of attention

Fig. 3 – Circular areas of interest: a) interdiction; b) evacuation; c) sheltering.
Emission at 32 m, all nuclides, stability class A (Pasquill).
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Exposure/Dose patterns

Fig. 4 – Dose to distance distribution of TEDE, emission at 32 m, all nuclides,
atmospheric stability classes A (Pasquill): a) interdiction; b) evacuation; c) sheltering.
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Fig. 5 – Dose to distance distribution of TEDE, emission at 83 m, gases and volatiles,
on atmospheric stability classes A, D and F (Pasquill).
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A more analytical, telling and also convenient manner of synoptic rendering
was to associate 2-D with 3-D interactive maps, allowing a point-wise interrogation
at grid knot level (Fig. 6). In this manner dose levels at spots nearing community
facilities of special interests like hospitals, daycare and educational units, public
arenas and malls, City Halls etc. can be identified and notified to whom it may
concern, while a color-coding reflects the general pattern of the exposed areas.

Fig. 6 – Emission at 32 m, all nuclides, stability class A (Pasquill):
a) source location, 3D view; b) maximum value of TEDE, 2D view.
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The Exposure/Dose patterns in Figs. 4 and 5 illustrate differences between
release scenarios essentially relating to plume rise as supported by the energy
(heat) content left available after the container being damaged. One can see that, as
a rule, in an unstable atmosphere (Pasquill A) evacuation and sheltering appear to
be warranted only close to the source. In a neutral atmosphere (Pasquill D) the dose
constraint and the annual dose allowance to persons of the general population are
both exceeded. In a stable atmosphere determining flat plumes (Pasquill F) the
dose constraint is exceeded only in a distance, at ca. 1.9 km from source, showing a
maximum of 0.1415 mSv at 8.75 km.
3.2. HOTSPOT CODE RESULTS
For comparison and findings consolidation, the ‘General Explosion’,
dedicated module of the HotSpot software package version 2.07.2 was called to
duty [7]. For both types of release (all nuclides, or gas and volatiles only), the
atmospheric stability classes A, D and F (Pasquill) were considered. Selective
results bearing on the dose-to-distance distribution are given in Tables 4 and 5, as
well as in Figs. 7 and 8, respectively.
Table 4
Total Effective Dose Equivalent (TEDE) as a function
of distance and atmospheric stability, cf. HotSpot
Stability
Class
(Pasquill)

A

D

F

All nuclides
Distance
TEDE
(km)
(mSv)
0.01
2800 – max.
0.1
300
0.2
110(1)
0.45
32.0
0.47
30.0(2)
1.0
7.7
1.7
2.90(3)
2.0
2.1
5.0
0.39
0.01
3700 – max.
0.5
130
0.6
110(1)
1.0
67
1.95
29(2)
11.0
3(3)
15.0
2
0.01
4000 – max.
1.0
100(1)
3.7
30(2)
35.0
3.1(3)
80.0
1.1

Gas and volatiles
Distance
TEDE
(km)
(mSv)
0.01
18 – max.
0.02
12
0.05
4.8
0.07
3.1(3)
0.15
1.1
0.25
0.52
0.35
0.32
3.5
0.0065
5.0
0.0026
0.01
24 – max.
0.12
2.9(3)
1.0
0.44
2.0
0.19
5.0
0.055
10.0
0.022
15.0
0.013
0.01
46 – max.
0.10
3.0(3)
0.25
1.9
0.50
1.1
80
0.0074

Note: TEDE levels: max. – maximum; (1) – interdiction; (2) – evacuation; (3) – sheltering
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Fig. 7 – HotSpot results: TEDE Exposure/Dose patterns:
S2-all nuclide emission, class-A, D and F (Pasquill) atmosphere, respectively.
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Fig. 8 – HotSpot results: TEDE Exposure/Dose patterns:
S1-emission of gas and volatiles only, class-A, D and F (Pasquill) atmosphere, respectively.
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HotSpot indicates maximum values for TEDE close to the source (~10 m), in
all atmospheric stability classes and both release types. In the scenario of all-out
nuclide emission (S2 – container destructuring) the interdiction, evacuation and
sheltering levels are reached or exceeded, while in case of an emission limited to
gases and volatiles (the S1 scenario of container puncturing) only the sheltering
threshold is in question.
Table 5
A comparison of SAT and HotSpot results
Source
terms

Stability
Class
(Pasquill)
A

Gases and
volatiles

D
F
A

All
nuclides

D

F

SAT
Distance
(km)
0.039
0.195
0.117
0.234
8.750
0.039
0.352
0.742
2.656
0.117
1.289
2.812
15.00
1.875
3.125
10.62
80.00

TEDE
(mSv)
30.71(2) – max.
2.88(3)
2.13 – max.
1.26
0.14 – max.
5005.08 – max.
113.63(1)
29.68(2)
3.00(3)
1075.36 – max.
98.59(1)
30.79(2)
3.02(3)
140.00 max.
107.06(1)
30.60(2)
3.88(3)

Distance
(km)
0.01
0.07
0.01
0.12
0.01
0.01
0.20
0.47
1.70
0.01
0.6
1.95
11.0
0.01
1.0
3.7
35.0

HotSpot
TEDE
(mSv)
18.00 – max.
3.10(3)
24.00 – max.
2.90(3)
46.00 – max.
2800 – max.
110.0(1)
30.0(2)
2.90(3)
3700 – max.
110.00(1)
29.00(2)
3.00(3)
4000 – max.
100(1)
30(2)
3.1(3)

Note: TEDE levels: max. – maximum; (1) – interdiction; (2) – evacuation; (3) – sheltering

Table 5 offers a comparison of the SAT and HotSpot results, indicating a
appreciable degree of convergence, yet also cases of discrepancy that are to be
expected in the trade of model-based radiological assessment.
4. CONCLUSION
When the unstoppable availability of a choice of portable, affordable and
high-power weaponry on the vast grey areas of the free markets meets the twisted
logics of the terrorism, the likelihood of a hit on a radioactive waste transport is
incremented beyond the common-sense expectations. From a mere puncture to a
total destructure of containers, the basic Physics of the processes involved would
place on the table quite a fan of scenarios for the analyst to consider.
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As with the case of the early flight crash scenario discussed in authors’
preceding paper [2], the physicist is naturally attracted towards the release
mechanics and thermodynamics handling the driving energies in the play, which
are found to determine the territorial extension and strength of the radiological
exposure of the potential victims via, essentially, plume rises favored by some
varieties of the circumstantial meteorology. Irrespective of the models employed,
in any scenario of loss of containment by either high impact, intense fire, explosive
hit, or any combination thereof one may expect that some fraction of the energy
involved be transferred to the radioactive contents of the container, transforming it
into a dispersible form and taking it to the atmosphere and the environment around,
with chances to reach out for the people and property nearby.
Granted, the devil is in the details, so that the truth value of modeling will
always remain debatable. And yet, the apparently over-precautionary posture
assumed by the Regulator in the cases discussed is found, by these authors,
warranted and consistent with what seems to be an irrepressible trend in the
Nuclear Safety and, generally, in the realm of critical infrastructures security: go
beyond the sedative design basis assumptions and consider the low-probabilityhigh-consequence occurrences with a renewed interest. For the steady-going and
comprehensible World of the WASH-1400 Report [13] is, by now, way behind us:
our World is that of 9/11. And Fukushima. The ‘black swans’ are for real.
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