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P R E F A C E

We are gratified by the interest which has been shown in a recent Board

publication, "Risk of Energy Production" (ABCB-U19), by Dr. H. Inhaber.

While not official Board policy, its calculations and conclusions have been

«ployed by those interested in energy and its risk to human health.

Staff of the Board are not in a position to respond to all contents

about our publications. However, the following pages nark an exception.

Lemberg Consultants Ltd., of Oakville, Chtario, were engaged to write a

brief critique of a draft of AECB-1119, and we present their report here.

The consultant was in agreenent with many of the results of AECB-1119.

Because this Board publication is a long and detailed document, it is

inevitable that there would be points of disagreement. Sane of them will

be incorporated in any future revisions of AECB-1119, but others will be

more difficult to include. We are issuing the entire Lemberg report in the

interest of informed public discussion on the risk of different energy

systems.

lt> help readers gain a better understanding of the issues involved,

the author is also issuing a brief response, setting forth his views on

the points that the consultant raised. As indicated in my preface to AECB-

1119, the debate should be useful to all those concerned about risk.

A. T. Prince
President
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INTRODUCTION

In mid-February, 1978* Lemberg Consultants Limited was engaged

by Atomic Energy Control Board to evaluate their Report 11)9

entitled "Risk of Energy Production".

The evaluation report is in four sections:

1. An examination of how the conclusions of the Report match the
objectives.

2. Commentary about the methodology which leads to the Report's
conclusions, and alternative interpretations.

3. Remarks about the presentation of the Report, completeness,
ease for reader to follow, etc.

4. Recommendations for additional work.

OVERALL mPRESSION

The overall impression of the Report is that it was diligently

prepared and considerable effort was made to avoid pro-nuclear bias.

However, the author did not challenge his own assumptions in the

Report to test how his conclusions may be altered. Nor were any

alternative interpretations of the methodology presented. In this

regard, the Report may become subject to criticism, especially since

the conclusions depict conventional energy systems to be less risky

than the non-conventional ones. As this review will show, other

Interpretations of the methodology of risk accounting can lead to

the opposite conclusion.

- 1 -
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I OBJECTIVES VERSUS CONCLUSIONS

The phrase "risk evaluations" is defined as "that which considers

j physical and biological risk", but "safety" is not defined. Nor

is there any mention of how the risk data is to be applied by a
i
I regulatory agency, such as the AECB, to reduce risks in the various

energy systems.

!

Safety may be defined as a judgement of the acceptibi1ity of risk,

] and risk is defined as a measure of the probability and severity of

harm to human health. Then, to determine how safe things are, two

activities are required:

i

1. Measuring risk, which is an objective but probabilistic
pursuit, and

2. Judging the acceptability of risk (judging safety), a matter
of personal and social value judgements.

In the Report, A£CB has made an attempt at the first (measuring risk)

but has not touched the second (judging safety). This is evident

in reading the conclusions at page 31:

"The most important conclusion to be drawn from this paper
Is that the risk from non-conventional energy sources can
be as high as, or even higher than, that of conventional
sources. In particular, it tends to be considerably higher
than that of nuclear power, the newest of the conventional

1 sources. The ratio is, in some cases, as high as 10 and 100."

: In the Report, at page 6, the objectives appear to be to provide

"relative risk data (to) add a new dimension to the considera-
' tion of safety in nuclear energy generating systems"

and to

"develop methodologies for risk evaluation of nuclear energy
with respect to other energy systems."

- 2 -
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It goes on to state that the Report fs a study of one particular

methodology and cites two reasons for undertaking the study:

"First, a quantitative study of this nature has not previously
been attempted, and second, there have been many conflicting
claims about the safety of nuclear energy relative to other
systems."

In reading the objectives, frequent reference is made to the word

"safety" because it is stated that

"AECB's function ?s to ensure that nuclear facilities are
safely constructed and operated. The interest of the AECB
is that it must be in a position to regulate and control
nuclear energy on a basis of both absolute and relative risk
evaluations".

At page 40, the final statement is

"It is fully realized that the risks of energy generation
form just one part of the selection criteria used to judge
which system is best for a particular situation. However,
without a knowledge of comparative risk we cannot make a
fully-informed judgement."

So, the reader is left wondering about how comparative risks are to

be judged from a safety standpoint as welt as wondering about the

other selection criteria alluded to. These would be:

1. Social, legal and political considerations

2. Technical comparisons

3. Current tolerance and policies

k. The reality of "risk" and the false promises of "safety"

5. Trends In risk-taking for various Involved groups, for
Individuals

6. Relationship of risk-taking to dollar benefits

7. Balancing of risk/benefit Inequities.

- 3 -
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In summary, the Report has succeeded in producing a set of relative
risk data produced by one methodology without linking it to the
regulatory function.
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METHODOLOGY

The discussion of the methodology begins at page 8 of the Report.

Our overall view of the methodology used is that it leads to

conclusions which place conventional energy systems in a lesser

risk position relative to other energy systems. The Report does

not consider any "what if" type of questions to test how durable

the conclusions are If some assumptions in the methodology are

changed.

1. COMPONENTS OF RISK

Questions arise first from the seven components of risk which are

added together to arrive at the total risk. The seven components

ere:

1. raw material and fuel production
2. component fabrication
3. transportation
4. plant construction
5. operation and maintenance
6. waste disposition
7. public health

According to the methodology, if one buys a bar of steel, it carries

• "risk accounting" tag which indicates how many deaths, injuries

•nd diseases went into its manufacture plus all those risks attached

to each unit of raw materials that went into the blast furnace and

other parts of the steel plant.

Under this "accounting" system, every Item that we produce, whether

In Its semf-finîshed or finished state, carries a risk "price tag".

But, In conventional accounting practice, all the beans that one

counts must balance. The problem in risk accounting Is, where does

one draw the line?
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From a regulatory body's viewpoint, should it be concerned with

risks that emanate from another jurisdiction? Why should "clean"

energy systems such as windpower have to bear the occupational and

public health risks due to the coal and steel industries just

because the windmill is made of steel? Does it really matter that

a bar of steel has a higher "risk price" than a bag of cement? How

should we view reinforced concrete which is made up of steel and

cement (and aggregate)?

An Example

Assume that we are considering two alternative energy systems:

1) Mounting a windmill-generator combination on top of a steel
tower, or

2) Mounting the same device on the roof of an apartment building
which is the same height as the tower.

According to the AECB methodology. Option 1 has more steel and

therefore carries a higher risk score that Option 2. Should we choose

Option 2 because it looks less risky? Or, should we add on part

of the risks that the apartment building "accounts" for?

If we do add the apartment building risk, Option 2 may carry the

higher risk price. But, the apartment building pre-dates the question

at hand so should its risk tag be "cancelled"? Clearly, in this case

the final choice will be on the basis of relative cost, zoning laws,

approvals, etc.

A Second Example •

Let's consider another example, that of a conventional energy plant

versus a non-conventional system. It is conceded that the non-conven-

tional system would be more commodity intensive than the conventional
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and let's further presume that the energy output In megawatt'-years
ts the same for each plant.

By employing the "risk accounting" approach we can tally up all

the risks that went into putting each plant into place ready for

operation. Because the non-conventional plant is more commodity

intensive, the total of Its risks will be larger than that for the

conventional plant. At this point, the inference would be that the

non-conventional is riskier than the conventional plant.

But, !s that a valid comparison? One has to ask the question: If

a non-conventional plant had not been built» its commodities would

have been used elsewhere for other purposes, whether in the same

Industry or in other industries. If the non-conventional plant were

not built, would any lives be saved? Not likely because the commod-

ities that it would require would be used elsewhere unless the

basic industries were shut down or reduced in the scale of their

operations.

So, in any comparison of alternatives based on the amounts of

commodities and the attendant risks they carry into a project seems

like an exercise that would be inconclusive at best and probably

would lead to considerable confusion.

After construction, the next phase is operation of the plants. Now

the question becomes, do they present a hazard to those who work

inside them and to the public at large because of their existence

and the possible consequences of their effluents. Assume that the

non-conventional plant requires little if any operating staff, does

not produce any effluent and just requires periodic maintenance.

On the other hand, if the conventional plant were a coal-fired

generating station which required operating staff and produces effluent,

it would look riskier than the non-conventional plant.

- 7 -
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With respect to operating personne), this is a case of voluntary

activities where the individual uses his own value system to

evaluate his experiences. Although his eventual trade-off may not be

consciously or analytically determined, or based upon objective

knowledge, it nevertheless is a crude optimization appropriate to his

value system.
>

Thus, the hazards are to some extent included in the dollar and ;

other costs which determine the market for hazardous activities.

If the costs are very high, this may drastically reduce the market

or may result in prices that are too high to gain any market acceptance.

If an occupation is too risky, you will not find many takers or those

who are Interested will demand very high compensation. This is

society's first line of defence against hazardous activities.

With respect to comparing two alternative plants, the "risk price tags"

attached to the construction of each plant were of dubious use in

comparing the two and, the occupational risks for operating the

plants are really a marketing problem which a regulatory body could

step in and influence if required. Obviously, the cost of having

people accept the occupational risks or for reducing risks would be

reflected in the cost of the output of a plant.

What about the public at large? How do each of the plants expose

the public to hazards? What are the exposure pathways? What arc

the consequences? and what is the value of each consequence? Now

we get into risk benefit trade-offs. "Risk accounting" is only one

very small part of a risk-benefit assessment.

The problem of drawing the balance between benefits and risks involves

different dimensions. If the subject of the assessment is not yet in

existence, the assessments necessarily reflect the speculation that

it will be. Inevitably, there Is a tendency to overstate the bene-

fits that are relatively obvious and immediate, and to understate the

- 8 -
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risks which are inherently remote and less well-defined. There

•re usually powerful vested interests that can be relied upon to

press the benefit side, but only rarely do we find any strong

voice with the interest and competence to stress the risk side.

Therefore, the temptation Is great to opt for the benefits until

the risks are shown to be more than hypothetical, with the avowed

Intention of dealing with risks as they arise. This approach is,

of course, unrealistic from the standpoint of protecting the public

against hazards. Risk manifests itself incrementally, and the

likelihood is that for some period of time, even after risks become

evident, the balance between benefits and risks will increase in

the benefit direction because the benefits are actulaly being

enjoyed. The fact is that It is extremely difficult as a political

matter to turn off or to restrict a technology once it is well

underway because of the expectations of those who seek profit from

ft or who desire to enjoy its benefits.

What Risks Should be Included?

The risk accounting methodology would be on firmer ground if it

confined itself to adding only those risks which an energy system

creates directly by virtue of coming into existence. Sources to

be counted are: fuel gathering, transportation (only if traffic

Increased from prior conditions), plant operation and maintenance,

and waste disposition.

Should Energy Back-up Risk be Included for Non-Conventional Energy
Systems?

No. The methodology adds the risks of energy back-up to the non-

conventional energy systems.

On the basis that the consumer wants reliable energy when the sun
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does not shine or the wind does not blow, the AECB methodology

requires that non-conventional systems be "backed-up" by energy

available from conventional sources such as coal-fired generating

stations. Therefore, the risks attached to the conventional energy

are added on to the non-conventional system.

1 The Report uses coal for back-up energy. Solar power requires 32%

> of its rated output from the back-up source (Appendix E, page E-7)

so that a 1000 MW(e) solar installation requires a 320 MW(e) coal

capacity. In terms of rated energy, the back-up energy adds about

191 of the total risk incurred by coal.

By referring to Figure 7, page 30, we can see that the back-up risk

is the majority of the risk of the solar thermal system. It is also

; the major part of photovoltaic and wind. So, by adding \S% of the

coal risk, this ends up representing more than about 60-80% of the

'• total risk of the non-conventional sources! Is there another way to

view this?

If, instead of back-up energy, the non-conventional s had to stand

alone, their output over their lifetime would be reduced by about

20-30%. Thus, following the AECB methodology, if the total risk

were divided by the reduced megawatt-year figure that results, the

risk per megawatt-year for this system would only increase by about

20-30%. This would present a different picture from that portrayed

' in Figures 7 and 9 through 14.

: The reliability of energy supply does not enter into the risk

considerations and, therefore, the back-up energy should not be

• counted. In choosing between systems, reliability may be a consider-

i at ion, but not insofar as risks are concerned. So, why burden the

non-conventional technologies with added risks from conventional

1 " energy sources for the only reason that the non-conventional s may be

a less reliable energy source?

I

i -10 -
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2. COMBINING DEATHS, ACCIDENTS AND DISEASE

The Report asks the following question on page 17:

I "How can we compare or combine deaths and less severe health
problems such as accidents and disease-related disabilities?"

I
i The Report is striving to arrive at a way to combine these risks

so that a "total risk" can be calculated. The chosen method was

; to convert each of the risks into a common one: equivalent man-days

lost. The results are displayed in Figures 13 and 14. Note that

there is little if any difference between the energy systems whether

looking at total deaths or total man-days lost. So why bother?

The same applies in comparing Figures 9 and 10 (occupational deaths

j and total occupational man-days lost) and Figures 11 and 12 (public

deaths and public man-days lost). Converting deaths to man-days does

not improve the discrimination between systems. So why do it? Death,

i which is equivalent to 6000 man-days lost, obviously overwhelms the

man-days lost from disease and disability.

An Alternative Comparison

Take the example of comparing coal to wind. According to Tables A-2

and H-3, the accidental risk to the public is about equal from coal

or wind while coal presents the greater disease risk to the public.

! Wind has the higher occupational risk due to accidents but the lower

< risk due to disease.

To make an absolute comparison requires some value judgements about

accidental and occupational risks to the public and to those on the

j Job. "

! - The above comparison was based on the Tables in the Report, which

contain questionable risk sources. If we remove the materials,

- 1! -
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construction, and energy back-up risks from wind (Table H-3),wtnd

has no public risk whatsoever! Coal, even if materials and

construction risks are removed, still has significant public risks.

Now should a regulatory body view this difference? If they are

safeguarding the public, wind sure looks better than coal. The

occupational risks can be left to the marketplace, or safety programs

can be introduced if necessary. But, that requires value judgements

about safety.

3. SENSITIVITY TO ASSUMPTIONS

In considering Figure 7 and eliminating material acquisition,

construction and energy back-up risk from the tallies, one can reverse

the Report's conclusion that non-conventional is riskier than conventional

energy. That is, the conclusion would become the exact opposite:

conventional is riskier than non-conventional.

This is such a highly sensitive area that the Report should have

explored in greater detail. Had it done so, it would definitely have

improved the credibility of the Report and the methodology.

k. NUCLEAR RISK

The Report considered nuclear power in greater detail due to the

widespread interest tn its risks. This was the only energy system

which presents a catastrophic accident risk to the public.

The Report concludes that the catastrophic accident risk is not zero

but "low". Table D-2 shows that the death from disease risk to the

public is 3-23x10 deaths per megawatt-year. This is based in part

on the probability of a meltdown which the Report estimates at less

than 1/2000 since it claims that there have not been any me Itdowns in

2000 reactor-years of operation.

- 12 -
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There are two problems with this statement. First, there is no

mention made of the Fermi reactor accident in I966. Luck played an

Important role for the accident could have been much worse than it

was. The runaway and meltdown were terminated by an alert operator.

Perhaps the AECB Report should at least have acknowledged the

"close calls" so as to avoid criticism from the anti-nuclear groups.

Secondly, even If one does presume that there has not actually been

a meltdown in 2000 reactor-years of operation, it is improper to

infer that the probability of a meltdown is no more than one chance

in 2000. However, for purposes of illustration, suppose that it were

true. Then we can ask what values of a probability of an accident

would be ruled out by a record of zero accidents in 2000 reactor years

and what values would be consistent with such a record. We can reckon

intuitively that the evidence should rule out very high values for the

probability. If the probability were 4, then the number of meltdowns

"expected" would be half of 2000 or 1000. However, 1000 is only an

average. The actual figure would most likely be above or below 1000.

Following this line of reasoning of examining expected values, we can

see that a probability of 1/100 also does not seem to be inconsistent

with the evidence, because it would imply an expected or average

number of 20 accidents (since 2000 times 1/100 is 20). Of course,

since 1/100 is a probability, we could by chance observe zero accidents

even though 20 were "expected".

A value of 1/2000 for the probability of an accident would imply an

expected average number of accidents of exactly 1. Now there is

considerable chance of observing zero accidents in 2000 reactor-years.

If the accident probability were actually one in 20,000, then the

expected number of accidents in 2000 reactor years would be only 0.1

and the chance of observing zero accidents in 2000 reactor-years would

be even larger.

- 13 -
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So we see that even very low values of a probability of an accident

I are certainly consistent with the assumed record of zero accidents

in 2000 reactor years. But, on the other hand, a value as high as

j one In 100 or one In 200 would still be consistent with the record.

' Therefore, the record, while consistent with very low values does

I not orove that the values are low.

> H, .
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PRESENTATION OF REPORT

While well-written and carefully presented, the Report has a few

weaknesses in its presentation which can frustrate the conscien-

tious reader.

First, It is virtually impossible for the reader to verify any

calculations or undertake his own because he would have to go to

the references to search out the data. For example, on page E-8

of the Report:

"If we multiply Table 1(a) of Reference 16 by 0.5k and
subtract it from the table of Reference 66, we obtain the
risk incurred to produce 6 hours' worth of storage.

i Results for this and 16.5 hours, the average recommended
i by Reference 66, are shown in Table E-3."

I How Is anybody supposed to be able to check the results of Table E-3?

: We are asked to accept the end results of calculations without

being provided with a summary of the input data.

It would be an improvement If AECB offered a second volume of data

' to those readers who are Interested and request it.

' Secondly, as a proponent of a new methodology, the Report should

have taken care to ensure that the reader could follow the examples

i which explain the methodology. One such example occurs on page 13

• where It states that it takes 1.67 kg of iron ore and 1.5 kg of

; coal to produce 1 kg of steel. It then implies that the reader

! can calculate the number of fatalities, accidents and illnesses by

, referring to Tables 1, 2, and 3 for the required data. Well, the

j data Is not all there! Thus, the reader can be frustrated in trying

to follow the very simple example which illustrates the risk account-
1

! ing concept.

- 15 -
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RECOMMENDATIONS

1. AECE should prepare and offer, to those who request it, a

second volume containing the pertinent data used in the Report.

This would enable other readers to perform their own compu-

tations and test their interpretations of the risk accounting

methodology. "*

2. AECB should prepare the alternative forms of the methodology

suggested herein and perform the computations. In particular,

the cases of interest would be:

a) removing material acquisition, construction and
transportation risks

b) using the actual energy output of the various
systems without imposing a back-up energy supply

c) a comparison of the systems without converting all
risks to man-days lost, so that death, injury and
disease risks must be commented on separately.

3. AECB should show how the Report results would be related to the

question of nuclear safety. Show how an agency like AECB would

or could use the risk data produced, especially in view of the

sensitivity of the conclusions of the Report to the assumptions

in the methodology,

4. AECB, being in the nuclear field, should clarify the criteria

for evaluating the "small" probability of a catastrophic nuclear

accident. Topics could include:

a) sources of accidents

b) potential accident exposure

c) subtle errors in probability estimates

d) possible sources of error and uncertainty In probability

estimates

e) misleading ways to describe probabilities

f) the effect of bias In judgemental estimates.

- 16 -
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With the addition of the recommendations mentioned above, AECB

will be contributing a valuable and balanced addition to the risk

information about conventional and non-conventional energy

producing systems.

- 17 -
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AUTHOR'S RESPONSE

Lemberg Consultants 1s to be congratulated for a forthright and incisive

analysis of AECB 1119 (to be termed "the report".) It would be impossible to

expect perfect agreement with the many details of the report. The following is

a brief response to the major criticisms. To enable the reader to follow the

reasoning, the points Lemberg makes are summarized page-by-page. Each is then

followed by a comment.

p.2. "Safety" is not defined. Before discussing this point, it should be noted

that "risk" is used here and in the report as short-hand for "consequence". That

is, the risk of a certain industrial accident occurring may be one in 2000 hours;

the average consequence may be a loss of 30 man-(or person-) days. It is the

latter which is the focus of AECB 1119. However, most studies of the subject have

used the word "risk" instead of "consequence", so the convention was adopted to

avoid confusion. The distinction should be kept in mind.

There are many possible definitions of safety, and it was for this reason

that it was not used in the report. Risk was defined in the first sentence. If

safety can be defined as the absence of risk, no further definition is needed.

Lemberg defines safety as a "judgement of the acceptability of risk". This

introduces psychological and social factors into the discussion. While import-

ant, these factors could not be considered adequately in a relatively brief

report. However, the Board is aware of these factors. One contract dealing with

acceptability of risk has already been completed, and others are under consideration.

p.2. The Board cannot use the information to reduce risk in the various energy

systems. This was not the intent of the report. As mentioned in the Preface

and Section 1, Its object was to provide background information so that the

relative risk of different systems could be estimated. The report cannot be

used as a "nuts-and-bolts" guide to reduce risk of nuclear power, solar power

or any other energy system. That Important task was left for others to undertake.
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On p.3, Lemberg lists a series of topics which might have been discussed. Again,

the purpose of the report was not to discuss all possible topics dealing with

risk of energy. This was clearly stated in the Preface and Section 1.

p.5. Conventional energy systems are placed in a lesser risk position relative to

other energy systems. Coal and oil, both conventional systems, were estimated to

have the highest risk per unit energy. Lemberg1s statement may imply to some that

the methodology was chosen deliberately to show that non-conventional systems have

relatively high risk. This is not the case.

p.6. Why should a regulatory body be concerned with risks that emanate from another

system? No regulatory body can exist in a vacuum If it is concerned with

one aspect of society, it must have some knowledge of other aspects of society

that impinge on its jurisdiction. This knowledge is needed not to expand its

legal role, but to expand its horizons. History shows many cases where a

regulatory body focussed so narrowly on its particular sphere of activities that

it forgot about the rest of society, thus producing errors in judgement. The

Board does not wish to follow this path.

In this statement, Lemberg partially contradicts the statement made on p.2.

On that page, it was implied that the Board should use the information in the

report to reduce risk in various energy systems. On p.6, Lemberg says that the

Board should not be concerned with this question.

p.6. Why should "clean" energy systems have to bear the risk due to coal and steel

because they use steel? This point is repeated by Lemberg in various forms more

than once, so it deserves a full answer here. First, attaching the word

"clean" to any energy system is often more salesmanship than science. More subs-

tantively, advocates of a particular energy system may, in their own wisdom,
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Ignore the risk Involved in large requirements of materials like coal and steel.

They may then claim that the system they favor is relatively risk-free. However,

society as a whole will bear the risk from the coal, steel and all other require-

ments. The report was addressed to societal issues, not those of advocates.

p.6. Does it really natter that a bar of steel has a higher "risk price" than a

bag of cement? Not to the person who purchases either commodity; but to society

as a whole. This question is really a rephrasing of the one immediately above.

p.6. How should reinforced concrete* made up of steel and cement, be viewed from

the viewpoint of "\sk? The answer is simple. The risk attributable to the steel

and cement in a unit volume of reinforced concrete is estimated individually. If

there is any risk difference in fabricating or installing reinforced as opposed

to ordinary concrete, this is considered in the calculerions. Reinforced concrete

is sometimes used in hydro dams, so the entire question was evaluated in Appendix

K in the report, dealing with hydro-electricity.

p.6. How does the risk of (a) mounting windmills on apartment buildings compare

to (b) having them free-standing? That is, should risk incurred in building

apartment buildings be added in? If the aerodynamics of windmills ware such that

they could only be operated efficiently on top of large buildings, then the lower

amount of materials required would be considered in the risk analysis. This

question has already been addressed in the appendix on solar space heating. Only

the materials needed to build the solar panels, piping and storage cere considered.

The materials needed for the house underneath the solar panels were not included.

Nobody would build an apartment building merely to support a windmill. In

summary, material requirements for any energy system can be estimated by deter-

mining how that system would ordinarily be built, constructed and installed.
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p.7. If a non-aonoentional energy system were not built, no lives would be saved,

since the materials which produce risk would be used elsewhere. There is no

reason to single out non-conventional systems. If this assumption were valid,

one could make the same statement about conventional systems. However, the

argument is not correct. The materials would of course not be used elsewhere.

To take the argument to a logical conclusion, if no future energy system were

to be built anywhere in Canada, it is clear that, other factors remaining constant,

the demand for steel, coal, copper and other materials would decrease. If no

nuclear power plants were built, there would be little demand for uranium.

None of these materials would be "used elsewhere". As a result, societal risk

would then decrease, although not the risk per unit energy for particular systems.

p.7. Non-conventional plants require little if any operating staff and just

require periodic maintenance. A coal-fired plant requires operating staff.

This is a common misconception, based on misunderstanding of the energy outputs

of conventional and some non-conventional systems. The report shows that, per

unit energy output, non-conventional systems can have high operating and mainte-

nance requirements. The Lemberg statement is made without proof.

p.8. Operation and maintenance of non-conventional systems is a voluntary activity..

a crude approximation appropriate to the individual's value system. An object of

the report was to estimate the overall risk of different energy systems, not

ncessarily to sub-divide it into categories like voluntary or involuntary risk.

For the convenience of readers, risk was divided into two groups: occupational

and public. One can think' of "voluntary" as corresponding to "occupational", and

"involuntary" corresponding to "public." The Lemberg comment is then is accordance

with the report classification.

The second part of the comment is a subject for another study. Determining
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what an individual's value system with respect to risk can or should be is a

subject for psychological work.

p.8. Hazards are included to some extent in the dollar costs... occupational

risk for operating plants is really a marketing problem. It is true that

economic costs play a part in the risk incurred by society, but there would be

no need for regulatory agencies if economics alone allocated risk to everyone's

satisfaction. If all other factors were equal, a job that was riskier would be

more highly paid than one with less risk. However, factors such as skills,

location and other qualifications are rarely if ever equal. As a result, work

such as underground mining and logging, among the riskier occupations, are far

from the best-paid. Fields like medical or law practise, low in occupational

risk, are well-paid.

The implication behind this statement is that occupational risk is somehow

voluntary, and therefore acceptable. However, voluntary risk is not always

acceptable to an individual or society. Consider a hypothetical example, in which

one out of a thousand automobiles might break its axle at high speed. Since

nobody is forced to ride in autos, the risk from this source might be called

voluntary. Whether or not it is, society as a whole would probably not find this

level of risk to be acceptable.

p.8. "Risk accounting" is only one very small part of a risk-benefit assessment.

Agreed. This is pointed out in the last paragraph of the main text of the report.

p.8. For energy systems not yet in existence, there is a tendency to overstate

the benefits* and understate the risk. Agreed. An object of the report was to

evaluate the risk of many energy systems, regardless of whether or not they were

in widespread use.
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p.9. Biek to be inoluded in an accounting should only be (a) fuel gathering, (b)

transportation, (e) operation and maintenance and (d) waste disposition. This

specification is both arbitrary and incomplete. It ignores material requirements

(common to all energy systems), energy storage, energy back-up, component fabrica-

tion, plant construction and public health risk. The last named is, for example,

one of the main points of contention about nuclear power. No report on nuclear

risk could ignore this source.

By picking and choosing among the components of risk to be included, one can

easily prove that any given system has greater (or less) risk than any other

system. The only fair and rational way of comparing systems is to consider the

entire fuel and energy cycle, not just part.

p.9. Risk due to energy back-up should not be included. In paragraph 2, page 10

of the Lemberg study, it is stated that solar power requires 32% of its rated

output from the back-up source. However, only two of the three solar systems

considered use back-up. The other, solar space heating, uses storage but no

back-up. Ocean thermal, another non-conventional system, was assumed to have

neither storage nor back-up. While the risk of space heating is lower than

that of the other two solar systems, it is not reduced to zero. Of the eleven

technologies, solar space heating has the sixth highest overall risk. Elimin-

ating back-up does not eliminate risk.

However, as mentioned in the responses to the previous comment, all parts

of the energy cycle should be considered. As a hypothetical example, suppose

moonlight energy could be gathered from 1 a.m. to 2 a.m. without requiring any

materials, operation and maintenance, or transportation. Since this is a time of

night when little energy is used, moonlight energy would not be of much use

unless there were facilities for storing it or providing back-up energy when it
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was not available. To make comparisons equitable, the reliability of energy

systems should be approximately the same. Reasons for treating systems in a

similar manner have been mentioned above.

p.ll. Graphs showing deaths and man-days lost for occupational, public and total

risk are redundant. It is true that the pairs of figures 9 and 10, (occupational

deaths and man-days) 11 and 12, (public deaths and man-days) and 13 and 14 (total

deaths and man-days) are similar. As Lemberg noted, deaths (as opposed to accidents

and disease) dominate mathematically the number of man-days lost. In consequence,

the pairs of figures do not convey substantially different information. Because

it was felt that some readers would be interested in both deaths and man-days

lost per unit energy, both sets of graphs were included.

p.11. If we remove the materials, construction and energy back-up risk, wind

has no public risk whatsoever. This has been stated before on a number of

occasions. The response remains the same: the entire energy cycle, and not

just parts, should be evaluated.

p.12. By eliminating certain components of risk, conventional energy becomes

riskier than non-conventional. The report does not claim that non-conventional

systems always have a lower risk than conventional ones. The systems with the

highest risk are coal and oil, both conventional. See the response to comments

on p.5 of the Lemberg study.

p.13. It ehould not be inferred that the probability of a nuclear meltdown is

no more than one chance in 2000. Agreed. The wording in the report was obscure,

and has been corrected in the second edition. Since the point in contention was

illustrative, and not substantive, the overall conclusions about nuclear power

remain the same.
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p.15. A second volume of data should be offered to readers. Much of the missing

data is supplied in the new Appendix N of the second edition. While this data

could have been reconstructed from the tables in the first edition, if is admitted

that it would have been difficult.

p.16. Deaths, injuries and disease should be commented on separately. This was

not done in order to reduce the length of the text. However, a comparison of

the appropriate tables in the appendices may be made by the reader. In general,

those systems with large numbers of deaths per unit energy had large numbers of

accidents and disease.

p.16. The criteria for evaluating the probability of a nuclear accident should be

clarified. This topic is, of course, being studied by Board staff continuously.

Because the report was designed to give an overview of many energy systems, and

not concentrate solely on nuclear power, this topic was not discussed in detail.

S U M M A R Y

The main area of disagreement between Lemberg and the report is which

components of risk should be included. The report takes into account, for certain

systems, risk for components like back-up which Lemberg feels should be excluded.

However, the data in the appendices is arranged so that the reader can do any

subtraction felt to be necessary, tihile the absolute values of the risk

associated with some systems change under this subtraction, the relative rankings

remain almost constant. The report emphasizes that because all of the data

used Is less precise than Might be desired, the ranking of systems is more im-

portant than the absolute values. In consequence, even if the alterations

proposed by Lemberg were made, the final results would be about the same.


