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Abstract

This paper addresses one of the controversial issues in the current comparative studies of the environmental and health impacts of energy
systems, i.e. the treatment of severe accidents. The work covers technical aspects of severe accidents and thus primarily reflects an engineerin
perspective on the energy-related risk issues, though some social implications are also touched upon. The assessment concerns fossil energ
sources (coal, oil and gas), nuclear power and hydro power. The scope is not limited to the power production (conversion) step of these
energy chains but, whenever applicable, also includes exploration, extraction, transports, processing, storage and waste disposal. With the
exception of the nuclear chain the focus of the work has been on the evaluation of the historical experience of accidents. The basis used for this
evaluation is a comprehensive database ENSAD (Energy-related Severe Accident Database), established by the Paul Scherrer Institut (PSI)
For hypothetical nuclear accidents the probabilistic technique has also been employed and extended to cover the assessment of economit
consequences of such accidents. The broader picture obtained by coverage of full energy chains leads lolhvide basis to aggregated
immediate fatality rates being much higher for the fossil chains than what one would expect if only power plants were considered. Generally,
the immediate fatality rates are for all considered energy carriers significantly higher for the non-OECD countries than for OECD countries. In
the case of hydro and nuclear the difference is in fact dramatic. The presentation of results is not limited to the aggregated values specific for
each energy chain. Also frequency-consequence curves are provided. They reflect implicitly the ranking based on the aggregated values but
include also such information as the observed or predicted chain-specific maximum extents of damages. This perspective on severe accidents
may lead to different system rankings, depending on the individual risk aversion.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tics on accidents in the energy field and their correlation
with the quantity of electrical energy produced”. The work
The energy sector has been recognised as one of the maigummarised in this paper was carried out in response to
contributors to man-made disasters. According to the previ- this challenge; a wide variety of data sources has been em-
0US|y pUb'lShEd data on accidents that occurred world-wide p|oyed, much beyond pre\/ious ana|yses_ For the full report
since 1970 the second (after transportation) largest groupwe refer to[2]. The scope of the work is not limited to the
responsible for man-made disasters is the field of energyaccidents, which occurred in the past. In addition, proba-
production. Fritzsch¢l] concluded in an editorial in one pijlistic safety assessment (PSA) has been employed in some
of the issues of “Risk Analysis” that about 25% of the fa- cases where due to several reasons the past experience is
talities caused by severe accidents world-wide in the period not representative. Furthermore, completeness requires that
1970-1985 occurred in the energy field. These results were apart from power generation also other stages of the various
based on the statistics on the disasters, published by thefuel cycles are covered.
world’s second largest reinsurance company Swiss Re in The present study was performed as a part of an inte-
Zurich. In the same editorial Fritzscli#] recognised that  grated evaluation covering risk-related, environmental and
the level of completeness and the quality of the existing economic aspects associated with different energy systems.
data on severe accidents is not satisfactory. He urged theThe results of this work are intended to serve as a scientific
risk assessment Community to undertake an effort of “a Support to the decision-making process Concerning energy
systematic collection and analysis of the world-wide statis- supply options for Switzerland. For this reason, significant
effort has been directed towards the examination of the rel-
* Corresponding author. evance of the world-wide accident records to the Swiss- and
E-mail address: stefan.hirschberg@psi.ch (S. Hirschberg). OECD-specific conditions, particularly in the context of nu-
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Fig. 1. Severe energy-related accidents world-wide during the period 1945-1996, with different gravity indices for fatalities.

clear and hydro power. Consequently, the results and con-amounts to 42.6%. This number is, however, not fully
clusions applicable to OECD countries are emphasised. representative (i.e. the share of energy-related accidents

The accident database established by PSI in 12p& is overestimated) since at present ENSAD does not cover
currently being significantly extended within the EU Project transportation accidents unless they belong to a specific fuel
NewExt. This includes also implementation of accident data chain or the accident resulted due to an interaction with a
from recent years as well as a much improved knowledge fuel chain. As shown irFig. 1, in the period 19751996
on accidents in China, acquired by PSI within the China typically about 30 energy-related accidents with at least 5
Energy Technology Prograrii,4]. The evaluations based fatalities occurred each year world-wide. Among therbl
on this improved basis are in progress. accidents (per year) had consequences exceeding 100 fatal-

ities. Nearly 93% of the energy-related accidents collected
in ENSAD occurred in the time period 1948996. This
2. PSI’s energy-related severe accident database dominance is mainly due to the larger volume of activities;
(ENSAD) however, improved reporting coverage probably also plays
here an important role.

For the purpose of this work an accident is considered Various types of consequences are covered to different
to be severe if it is characterised by one or several of the extent, depending on the availability and quality of the data.
following consequences: (a) at least five fatalities; (b) at least These factors differ between the various energy sources.
10 injured persons; (c) at least 200 evacuees; (d) extensiveGenerally, the completeness and accuracy of the data con-
ban on consumption of food; (e) releases of hydrocarbonscerning fatalities resulting from accidents is superior to the
exceeding 10,000 tonnégf) enforced clean-up of land and  ones covering other types of consequences.

water over an area of at least 25%nig) economic loss of Fig. 2shows the content of ENSAD in terms of the num-

at least 5 million 1996 US$. ber of accidents of the different types and within specific
consequence categories.

2.1. ENSAD and its merits Applying the definition of a severe accident, established

in the present work, 1943 severe energy-related accidents are
The ENSAD (current extensions not included) covers stored in ENSAD. Accidents with at least five fatalities form

13,914 accidents, of which 4290 (30.8%) are energy-related;the largest group (846 events). There is also in descending
10,064 (72.3%) accidents were classified as man-madeCrder a large number of energy-related accidents involving
and the remaining 3850 (27.7%) as nat@rdlhe percent- majorre!eases of hydrocarbon§ and chemicals, injuries, large
age of energy-related accidents among the man-made one§conomic losses and evacuations. Nearly two-thirds of all
recorded energy-related severe accidents with at least five
fatalities occurred in OECD countries.
1 Other chemicals were also considered on a case-by-case basis with Due to the use of a variety of information sources, includ-
view 1o their toxicity. o ~ ing databases established in various countries, ENSAD has
The name of the database re_ﬂects t_he focus and priorities of_thls a balanced coverage with respect to countries and regions
work. A_Ithough the non-energy accidents in terms of numbers constitute where the accidents took place. This eliminates a problem
the major part of ENSAD, as opposed to the energy-related ones no . ; :
efforts were made to increase the completeness and examine the qualiyencountered in many other accident databases driven by the
of these data. local availability of information, which in turn is subject to



S Hirschberg et al./Journal of Hazardous Materials 111 (2004) 57-65 59

14000
12000 |-
10000

Number of 8000
Accidents goo00

4000
2000

'/ Natural
Man-made

Man-made Energy-related

Man-made Non-energy-related

Accident Type

Damage Category

A: No consequence threshold B:CorDorEorForGorH.

C: at least 5 fatalities. D: at least 10 injured. E: at least 200 evacuees.
F: more than 10,000 t of hydrocarbons released.

G: at least 25 km” area of enforced clean up of land+water.

H: at least 5 Million 1996 USS of economic loss.

Fig. 2. Content of ENSAD—number of accidents by type and damage category.

Table 1

Ten energy-related severe accidents with the highest number of immediate fatalities in the period 1969-1996

Energy carrier Date Country Energy chain stage Immediate fatalities Injured Evacuees CH4S$HL0996)
Oil 20.12.87 Philippines Transport to refinery 3000 26 0 -
oil 01.11.82 Afghanistan Regional distribution 2700 400 0 -
Hydro 11.08.79 India Power plant 2500 - 150000 1024
Hydro 27.08.93 China Power plant 1250 336 - 27
Hydro 18.09.80 India Power plant 1000 - - -
LPG 04.06.89 Russia Long distance transport 600 755 0 -
Oil 02.11.94 Egypt Regional distribution 580 - 0 140
oil 25.02.84 Brazil Regional distribution 508 150 2500 -
Oil 29.06.95 South Korea Regional distribution 500 952 0 -
LPG 19.11.84 Mexico Regional distribution 498 7231 200000 2.9

constraints due to language and other cultural barriers. Ac-1. Temporal changes such as technological advancements,

cess to and implementation of the very diversified input re-  more rigorous safety regulations, general improvements

sulted also in a much more extensive coverage of man-made in industrial risk management, increased hazard aware-

accidents in ENSAD in comparison with other databases. ness, etc.

2. Improved reporting completeness and quality. There are
clear indications that the situation has been improving
along with the growing societal interest in industrial risks.

Table 1provides a list of 10 worst accidents in the period Three sets of the results are provided: for the world,
1969-1996 within damage category “immediate fatalities”. OECD countries and non-OECD countrigShe generic re-
Similar lists exist also for categories “injured”, “evacuees” sults obtained for OECD are for the purpose of this report
and “costs”. While one specific indicator (shown in bold considered to be representative for Switzerland. For acci-
face) is in focus of the table, also other parameters char-dents involving fossil fuels allocation schemes were devel-
acterising the consequences are provided. “Latent fatal andoped, taking into account the flows of these carriers between
non-fatal cancers”, particularly relevant for the Chernobyl OECD and non-OECD countries.
accident, constitute a separate category not shovabie 1 An essential parameter used for the normalisation of the

results is the total energy produced by each energy source.
For comparison purposes the data in terms of number of

2.2. Most severe historical accidents

3. Compar ative assessment

3 Few countries currently being members of OECD were within this
Comparisons between the different energy sources, baseadvork notincluded among OECD countries. The most essential comparative
on the statistical evidence. were carried out for the period evaluations included in this report are based on the statistical material

. . . covering a period of nearly 30 years and stretching until the end of 1996.
1969-1996. The choice of the lower limit was gwded by For this reason, countries that acceded OECD between 1994 and 1996,

two factors, which imply that going too far back in time may e, mexico, Czech Republic, Hungary, Poland and Republic of Korea are
lead to results that lack relevance for the present situation: here not included among the OECD countries.
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Table 2

Experience-basedmmediate fatality rates associated with severe accidents within full energy chains based on the partial reallocation of damages to
OECD countrieq2]

Energy chain Number of severe accidents with Number of immediate fatalities (per GWear)

fatalities, world-wide (1969-1996) World-wide OECD Non-OECD
Coal 187 3.4x 101 1.4 x 1071 51x 107!
oil 334 42x 1071 3.9x 10! 4.6x 1071
Natural gas 86 8.5¢ 1072 6.6 x 102 1.1x 101
Nuclear 1 8.4x 103 0 5.3 x 1072
Hydro 9 8.8x 1071 4.0x 1073 2.2

accidents, various indicators for accident consequences andween the results obtained for OECD and non-OECD coun-
cumulative frequency distribution of consequences were nor-tries. This allocation procedure considers the trade-based
malised on the basis of the unit of electricity production for flows of fossil energy carriers between the non-OECD and
the different energy sources. For nuclear and hydro power OECD countries. The OECD countries are net importers of
the normalisation is straight-forward since in both cases the these energy carriers and the majority of accidents occur
generated product is electrical energy. In the case of coal,within the upstream stages of these chains. Consequently,
oil, natural gas, and liquefied petroleum gas (LPG) the ther- the reallocation to OECD countries of the appropriate

mal energy was converted to an equivalent output using ashares of accidents that physically occurred in non-OECD

factor of 0.35. countries leads to smaller differences between the corre-
sponding damage rates for these two groups of countries in
3.1. Aggregated indicators comparison with the straightforward evaluation. The effect

is particularly significant in the case of oikig. 3 shows

While a variety of damage categories were considered andthe set of results obtained for the normalised person-related
analysed the conclusions cited in this summary are primar-severe accident indicators; economic losses are shown in
ily based on fatality rates. First, the statistical records on fa- Fig. 4. For the full set of results we refer to the main
talities are most complete; second, the fatalities associatedreport[2].
with large accidents are regarded as the indicator attracting The present work shows that significant differences exist
most attention on the side of the society; third, the patterns between the aggregated, normalised damage rates assessed
for other indicators are in some (but definitely not all) cases for the various energy carriers. One should, however, keep
quite similar to that characteristic for the fatality rates. in mind that from the absolute point of view the fatality rates

Table 2shows the fatality rates for the various energy are in the case of fossil sources small when compared to
sources. The results presented in this paper are limited tothe corresponding rates associated with the health impacts
those utilising an allocation scheme when distinguishing be- of normal operation.
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Fig. 3. Comparison of aggregated, normalised, energy-related damage rates, based on severe accidents that occurred world-wide, in OECD and
non-OECD countries in the period 1962996;immediate fatalities, injured and evacuated persons per unit of energy were estimated based on the partial
reallocation of damages to OECD countr{@s.
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Fig. 4. Comparison of aggregated, normalised, energy-related economic losses, based on severe accidents that occurred world-wide, in OECD and in
non-OECD countries in the period 1969996; these results are based on the full reallocation of damages to OECD countries, taking into account
imports of fossil energy carriers from non-OECD countii2k

The broader picture obtained by coverage of full energy differences in design, operation and emergency procedures,
chains leads on the world-wide basis to aggregated imme-the Chernobyl-specific results are considered not relevant
diate fatality rates being much higher for the fossil fuels for OECD countries. In fact, this particular accident is not
than what one would expect if only power plants were representative for light water reactors in general, also in-
considered. The highest rates apply to LPG, followed by cluding the ones in hon-OECD countries. Given lack of
hydro, oil, coal, natural gas and nuclear. In the case of nu- statistical data, results of state-of-the-art probabilistic safety
clear, the estimatedelayed fatality rate solely associated assessments for representative plants in OECD countries
with the only severe (in terms of fatalities) nuclear acci- may be used as the reference values.
dent (Chernobyl), clearly exceeds all the above-mentioned Generally, the immediate failure rates are for all consid-
immediate fatality rates. However, in view of the drastic ered energy carriers significantly higher for tien-OECD
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Fig. 5. Frequency-consequence curves for full energy chainki-wide [2]. The curves for coal, oil, natural gas and hydro chains are based on historical
accidents world-wide in the period 1963996 and showimmediate fatalities. For the nuclear chain thenmediate fatalities are represented by one
point (Chernobyl); for the estimated Chernobyl-spediéient fatalities lower and upper bound are given. The results for the Swiss nuclear power plant
Muhleberg originate from the plant-specific probabilistic safety assessment (PSA) and |e¢daictatalities.
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countries than foOECD countries. In the case of hydro and serves this ranking when OECD countries are considered
nuclear the difference is in fact dramatic. The recent expe- but due to the Chernobyl accident nuclear compares un-
rience with hydro in OECD countries points to very low favourably to the other chains when the experience base is
fatality rates, comparable to the representative PSA-basedconsidered for non-OECD countries only. For comparison,
results obtained for nuclear power plants in Switzerland and the PSA-based estimate for the rate of latent fatalities as-
in USA. With the important exception of hydro in OECD sociated with the Swiss nuclear power plant Muhleberg is
countries, and coal and oil occasionally switching positions, 0.02 latent fatalities per G¥Wear.

the internal ranking based on thramediate fatality rates re- The comparison of economic damages is limited by in-
mains the same within OECD and non-OECD countries as completeness and some serious inconsistencies. First, the es-
the above-cited results based on the world-wide evidence.timates of monetary losses are not available for a major part
This is valid both for the straightforward assessment as well of non-nuclear accidents. Second, the cost elements covered,
as for the estimates employing allocation schemes. Account-i.e. the boundaries of the calculation, are normally not doc-
ing for delayed fatalities along with the immediate ones pre- umented and may vary widely from case to case. Third, the
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Fig. 7. Frequency-consequence curves for severe accidents in various energy chains that ocoorr€E@D countries using full reallocation; based
on historical data for the period 1969-1996. Latent Chernobyl fatalities estimated over a period of 70 years.
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nature of the reported costs may be different—there is nor- in the last two decades as opposed to non-OECD
mally a large discrepancy between the compensation paid countries.

by insurance companies, claimed damages, real damages?. The number of fatalities in OECD countries decreased
direct costs and indirect costs. In the nuclear case the costs significantly. While the coal production was increased
of two accidents have been included, namely Three Mile Is-  there has been a simultaneous reduction of severe ac-
land (TMI) and Chernobyl. They are dominated by the latter cidents due to legislation, research findings concerning
accident with more than one order of magnitude discrepancy the prevention of gas and coal-dust explosions, fires and
between the lower and higher bound of this estimate. Due to  inundations, as well as closure of old unsafe mines.

the devastating damages associated with the Chernobyl ac3. The coal chain stage with by far most fatalities is
cident the normalised monetary damages are clearly highest “Extraction”. The “Heating Plant” and “Power Plant”
for the nuclear chain, followed by LPG, oil, hydro, natural stages are currently relatively small contributors to severe
gas and coal. Consideration of the regional distribution of  accidents. In the industrialised world some smog catas-
accidents leads to a somewhat different ranking for OECD  trophes, which have features of severe accidents occurred

countries. in the 50s and 60s and have not been repeated since.
4. The main cause for world-wide severe coal accidents are
3.2. Frequency-consequence curves methane gas explosions in underground mining. Their

relative contribution in OECD countries is, however,
The comparison of results is not limited to the aggre- three times lower than in non-OECD countries.

gated values obtained for specific energy chains. Also
frequency-consequence curves are provided. They reflectd.2. Qil chain
implicitly the above ranking but provide also such informa-
tion as the observed or predicted chain-specific maximum 1. Along with higher oil consumption there has been a trend
extents of damages. This perspective on severe accidents of increasing number of severe accidents resulting in fa-
may lead to different system rankings, depending on the talities within the oil chain.
individual risk aversionFig. 5 shows the curves based on 2. The most risk prone stages in the oil chain are “Regional
the historical experience as represented in ENSAD and on  Distribution” and “Transport to Refinery”. Slightly more

PSA for the Swiss nuclear power plant Mihleberg. than 75% of all severe accidents in the oil chain occurred
Among the fossil chains natural gas has the lowest fre-  in these two stages.

quency of severe accidents involving fatalities. Apart from 3. Maritime accidents are the most frequent accidents dur-

LPG, coal and oil exhibit the highest frequencies of acci- ing the stage “Transport to Refinery” while road accidents

dents up to the level of about 70 fatalities while hydro has  are the most frequent accidents during the stage “Re-
the lowest. For higher levels of consequences the situation gional Distribution”. In the latter mentioned stage petrol
becomes reversed. is the primary oil product involved.

As with aggregated indicators reallocation of accidents 4. The North Sea is the most unfriendly environment for
was carried out to obtain frequency-consequence curves for offshore activities and consequently has a high share of
OECD and non-OECD countries. These curves are provided severe offshore accidents.
in Figs. 6 and 7 For the evaluation period used there is 5. In the period of 19691996 more than 40 refinery ac-
only one severe (with respect to fatalities) hydro accidentin  cidents occurred. None of them caused more than 40
OECD countries. fatalities per accident.

6. In terms of the quantities released oil spills as a con-
sequence of shipping and platform accidents are less
4. Conclusions significant than oil spills caused by industrial river runoff
discharges, tanker operational discharges, sewage dis-

As a result of recent efforts the basis for the technical posal, and non-tanker maritime transportation. However,
comparison of severe accident risks associated with different  factors other than the quantity released (distance from
energy chains has been significantly improved. This applies the coast, weather and current conditions, time profile of
in particular to the completeness of historical records, quality ~ the discharges and sensitivity of the areas exposed to ol
and consistency of the information, and coverage of various  pollution), contribute to and may in fact be decisive in
types of damages. the context of the ecological disasters caused by some

The following conclusions apply to the various energy tanker and platform accidents.
chains.

4.3. Gaschain
4.1. Coal chain
1. The yearly number of LPG and natural gas severe acci-
1. The overall number of severe-% fatalities) accidents dents significantly increased after 1970. However, since
in the coal chain decreased slightly in OECD countries 1985 there is a decreasing trend in the number of severe
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gas accidents. At the same time there is a large scatter in5. The results obtained for plants using predominantly

the number of accidents from year to year.

. The stages in which most of the sever® (fatalities) ac-

cidents occurred are “Long Distance Transport”, “Local
Distribution” and “Regional Distribution” for natural gas
and “Regional Distribution” for LPG.

. Nearly 72% of 288 natural gas accidents (not all are

severe ones), which are collected in ENSAD, occurred in
1969-1996 during the transport by pipelines, nearly 15%
in a process plant or in an area of a process plant and
only 6% in a storage plant. About 21% of all natural gas
accidents involving pipelines were caused by mechanical
failures and 24% by impact failures.

. Nearly 53% of 165 LPG accidents (not all are severe

ones), which are collected in ENSAD, occurred in
1969-1996 during the transport by road- or rail-tankers,
pipelines or by ship. The dominant cause was impact
failure.

4.4. Nuclear chain

1.

PSA-based approaches show low (quantifiable) contri-
butions of severe accidents to external costs of nuclear
power. This contrasts with some estimates based on
simplistic, limited in scope and arbitrary approaches
discussed in this work. Low (absolute) contributions are
to be expected as a reflection of the defence in depth
design philosophy. In the particular case of Mihleberg
the early offsite risks are negligible due to relatively low
radionuclide inventory and low population density in the
immediate proximity of the plant. The extensive back-
fitting has been generally efficient in terms of reduction
of the applicable risk measures. Generalisations should,
however, be avoided—the indication is applicable to
plants with good safety standards and within the lim-
ited boundaries of the analyses performed. The relative
differences between the various applications can still be
large since the risks are expected to be strongly plant-
and site-specific.

4.5. Hydro chain

In the historical experience of nuclear reactor accidents

two events are clearly dominant, namely the TMI-2 and 1. Depending on the evaluation time period and the related

Chernobyl accidents. While the first mentioned accident
had practically negligible health and environmental con-
sequences, the latter resulted in disastrous impacts. Pre-

liminary estimates of these impacts are provided in the 2.

present work. Having in mind their partially latent nature
the definite assessment cannot be made at this stage.

. Due to the radical differences in the plant design and op-

erational environment the Chernobyl accident is essen-
tially irrelevant for the evaluation of the safety level of
the Swiss (and most other) nuclear power plants.

. Use of a plant-specific PSA, if available, is the most ra-

tionale basis for the estimate of the hypothetical conse-

guences of severe accidents and the associated monetised
damages. The results obtained from such an approach are.

by definition representative for the case being studied. In
addition, it enables treatment of uncertainties in a trans-
parent and disciplined way. In case this approach is not
feasible, any extrapolation of results obtained for a spe-
cific plant in a specific environment must be done with
great care and the reference case should be carefully se-
lected with view to similarities in the design philosophy
and in the operating environment. Some earlier published
assessments do not exhibit such a care.

. Estimates of external costs (i.e. of monetised damages

not included in the price of electricity) of severe nuclear
accidents show the largest discrepancies in the past stud-

ies and are considered controversial. Use of the Cher-4.

nobyl accident as the only reference for the assessment
of environmental consequences is more than question-
able. Generally, state-of-the-art, rational and defensible

methodological approaches, such as the one based on
full scope PSAs, have not been used extensively in this

context.

boundary conditions the variation between the failure
rates (mean values) obtained for the different dam types
corresponds to a factor of 6-23.

With only few exceptions, the dam failure rates have de-
creased significantly in time. This is due to a combined
effect of technological developments (including replace-
ment of masonry by concrete as the primary construction
material around 1930 and on) and the impact of regula-
tory requirements. In most cases there is a significant de-
crease in failure rates when the first 5 years of operation
after filling the dam are excluded from the evaluation.
This observation is important since a majority of current
dams have long operating history, far beyond 5 years.
The Swiss dams exhibit a number of favourable
safety-related features. Of particular importance is the
typically relatively low capacity of earth dams, which is

a positive factor for the mitigation of accidents and for
the limitation of the extent of potential damages. The
failure rates (mean values) based on generic estimates
show a variation by a factor of at most 4.3 between the
various dam types. The lowest estimate was obtained
for gravity dams. For gravity, arch, buttress and rockfill
dams the mean values are close to the estimated upper
bounds, while lower bands are up to two orders of mag-
nitude lower. The available statistical material is most
comprehensive for earth dams.

Dam failure rates are not only subject to variation with
respect to the type of dam but depend also to some ex-
tent on the purpose of the dam. This may patrtially reflect
the different safety standards within the various areas of
dam applications but is also a result of the differences in
the distributions of dam types within these diverse ap-
plications. In this context flood control and hydro power



S Hirschberg et al./Journal of Hazardous Materials 111 (2004) 57-65 65

dams appear on average to be the best performers. The Further improvements of the current state-of-the-art are
water supply dams have the highest average failure ratesfeasible and are partially being pursued. They include: con-
tinued extensions of the database, broader applications of
probabilistic analysis, extended and more in-depth analy-
sis of the economic consequences of severe accidents, and
1. The evaluation of historical experience demonstrates nu-co-operation with social scientists to better reflect sociolog-

merical differences between the aggregated risk indica- ical and psychological aspects of risks.

tors obtained for the various energy chains, as well as be-

tween the corresponding frequency-consequence curves.
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From the comparative analysis the following conclusions
can be drawn:
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