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As it is well known, an accident with a teletherapy source made of 137CSCI with an
initial activity of 59 TBq occurred in Goiania, in September of 1987. This paper will
discuss the decision-making process, and the struggle that followed the decision to
build the final repository for the remnants of the Goiania accident.

1. Introduction

In September of 1987, an accident occurred in oiania with a teletherapy source
made of 117CSC, with an initial activity of 59 T13q. When considering the spread of
the broken source and the recovery of wastes, which were kept in a temporary
repository site, one can estimate that one billion fold increase in volume actually
occurred. However, in the temporary repository more than 95% of the initial activity
was contained in less than 1.5 of the volume recovered 1]. The final estimate
showed that 83 ± 4 percent of the total initial radioactivity was recovered and kept in
a total volume of 12 x 10' in the temporary repository.

The decision making process concerning the construction of a final repository to
house the remnants of the accident which occurred in Goiania was complex and
considered to have consumed a great deal of time, at the time one was living the
process itself. However, when viewed again a long time after, as it can be viewed
today, the decision making process can be considered expeditious and fairly simple.

The decision-making process which led to the construction of the final repository for
the Goiania accident was essentially based in a comparison of risks. The tangible and
intangible risks, including those political and related with maintaining credibility of
a new administration, of just not doing anything besides keeping the temporary
repository in good shape, were compared, to the extent possible, with the qualitative
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and quantitative risks associated with the decision of making a final repository
specific for the remnants of the Goiania accident.

Here one should bear in mind that, in the case of the Goiania accident, the amount of
radioactivity contained in a volume considered as wastes was known to have an
upper limit, 59 TBq 137CS, which was the activity of the source term. However, the
overall volume considered as wastes would depend on the set of criteria adopted at
the time of the decontamination procedures.

Radiological criteria on which decontamination criteria could be based were
summarized as such 2]:
a. to set limit values of concentrations or doses above which the risks to the

public are deemed to be unacceptable;
b. to select as a goal a risk so low that even if it cannot be achieved, due to

practical considerations, by reaching a level close enough the risk for the
public can be considered perfectly tolerable;

C. to use the best available technology and to ake the best effort in the
decontamination procedures;

d. to continue the decontamination procedures until return to the natural
radiation background; and

e. a mixture of all options mentioned above depending on practical
considerations and not necessary radiological criteria.

When criterion (d) above is adopted, one has the right to expect that the exposure
levels will return to values previous to the accident (i.e. equivalent to the exposure
levels due to the local natural radioactive background). By and large, the local public
and the general public opinion make pressure for the adoption of criterion (d). There
are several problems associated with this criterion, for example: increasing the doses
to be allocated to decontamination personnel; extending the decontamination time;
and increasing the total volume of wastes due to decontamination procedures.
Although in most cases the adoption of criterion (b) above can achieve risks and/or
exposure levels of the same order of magnitude as criterion (d), one should bear in
mind that the two criteria are quite different, in which (d) is bound to produce an
amount of wastes much larger than (b). Moreover, in most cases when criterion (d is
adopted, the decontamination efforts have to be brought to an end by arbitrary
measure, because the baseline of the local natural radiation radioactive background is
usually unknown.

The main decision maker in the case of Goiania decontamination procedures stated
that 3 "the return of the exposure levels to their original values, resulted in an
excessive amount of waste compared with what should be removed to prevent
radiological risks." Such statement is equivalent to choose criterion (d) above. The
logical implication was the decontamination criterion adopted in Goiania was the
production of an excess of more than I X 103 M3 of almost non-radioactive wastes.
However, when one considers today the overall area occupied by the final repository
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of the Goidnia wastes, one has to concede, retrospectively, that the adoption of
criterion (d), in that particular case, was not a bad decision after all.

This presentation will deal with the risks inherent to the initial decision-making
process, the struggle that followed the decision to build, and the lessons learned from
the whole process of making a decision to build the final repository for the wastes of
the Goidnia accident.

2. Risks and risk perception

2.1. Radiation risks and the general public

The evolution of concepts that occurred in the field of radiation protection paved the
route for the debate on risk assessment. However, one must bear in mind that the
system of risk assessment and dose limitation devised by the International
Commission on Radiological Protection (ICRP) 4 is to be used within the
framework of risks versus benefit and cost effectiveness. The systems of dose
reductions recommended by the ICRP and adopted by the United States
Environmental Protection Agency (USEPA) 4, 5], for example, are characterized by
a risk per unit dose around 5 x 10-5 per mSv. This accepted risk per dose value can be
interpreted as a mathematical translation of the linear non threshold (LNT) dose
response curve traditionally used by the ICRP and other organizations.

The origin of the LNT in radiation protection is usually traced back to the classical
work on the relation of the exposure to low levels of natural radioactivity and the
incidence of leukemia in the general population 6] As a matter of fact, the ICRP
suggested a linear relation between risk and dose within the framework of a dose
reduction system by means of the following phrase 7 "As any exposure may
involve some degree of risk, the Commission recommends that any unnecessary
exposure be avoided, and that all doses be kept as low as it is readily achievable,
economic and social considerations being taken into account."

As mentioned by Merril Eisenbud, by the mid 1950's Libby had already estimated in
the order of one in one million (10-6) the risk of developing cancer from exposure to
the low level of radiation from worldwide fallout of the dust from nuclea ad
thermonuclear tests in the atmosphere ]. The concept of acceptable dose closely
associated with the idea to limit risk to an acceptable level is somewhat related with
Libby's estimation, because 10-6 was assumed to be a level of risk that would not
cause most people to be concerned. Later on, a great variety of lifetime cancer risks
corresponding to selected radiation exposures have been adopted by different
regulatory bodies 9]. However, a study [ 10] had concluded earlier that a consensus
on acceptable risk was lacking.

The evaluation of risks for radiation protection purposes has been the subject of a
specific ICRP publication I I . However, the concept of quantitative risk is not easily
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accepted by the general public. One of the main reasons why the public is usually
suspicious of concepts like acceptable fifth order risks or lower (i.e., 10 to 0
deaths or injuries expected in a total population of 106 persons), or unacceptable risks
(higher than fifth order risks) may reside in the fact that those risks estimates are to
be used within the framework of a risk-benefit analysis. When considered per se, the
meaning of quantitative risks for radiation protection is lost. Moreover, comparison
of second, tird, fourth, fifth, sixth or lower order risks estimated for different human
activities make the public perception of isk an elusive subject. After all, what were
the order of risk previously associated with accidents like Three Mile Island, Bophal,
Challenger, Chernobyl, and Goidnia to occur?

Scientists and engineers have to understand that, by and large, the general public do
not have a quantitative formation. The popularity of horoscopes, astrological maps
and hand reading, for example, is based on non-scientific and non-quantitative
perceptions which pervade the minds of the general public. The technical decision
maker, however, should not abandon risk estimates in the decision processes.
Convincing politicians, non-technical associates and opponents, as well as the
general public of the correctness of a decision is another matter. Acceptability of a
decision (not a risk), being imposed on the general public in a non-voluntary basis,
can only be based on credibility. In this matter, non-quantitative decision makers
will have to be subsidized technically to sell a controversial decision to the general
public. Without credibility, there will be no way to convince the majority of the
public.

2.2 Low level radioactive wastes and risks

In a nuclear power plant, for example, it is part of the project to ensure that the risks
of a major release is reduced to a negligible level, within the criteria adopted by the
builders and the regulatory bodies. The regulatory bodies of most countries adopt
annual dose limits which lie between 0.1 and 025 mSv. These limits would
correspond approximately to lifetime cancer risks between 4 x 10-4 and 9 x 10-4 9.

In fact, the average annual radiation dose received routinely by populations living
near nuclear power plants is about 0 I tSv, which means an associated risk of only 4
X 10-7. Is such a risk negligible'?

Few people would not agree that a chance of 4 out of 10 million is a rather low
chance. After all, lottery tickets claim odds much greater than that. People keep on
buying lottery tickets because there is hope to win, in spite of the fact that there is
almost certainty that winning is elusive. At this point it is interesting to quote the
definition of probability given by an old Dictionary of Arts and Sciences (better
known as Encyclopwdia Britannica) 12]: "Probability is nothing but the appearance
of the agreement or disagreement of two ideas by the intervention of proofs whose
connection is not constant and immutable, or is not perceived to be so; but is, or
appears for the most part to be so; and is enough to induce the mind to judge the
proportion to be true or false, rather than the contrary." The appearance of agreement
or disagreement of any distinct ideas is in the realm of perception, which in classical
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logic is considered to be the first and most simple act of the mind. Taking into
account that the other tree elements of classical logic are judgement, reasoning, and
method, one has to concede that perception is just a first step towards what can be
called knowledge or ultimately comprehension.

When one plays games with cards the odds against the player are typically
equivalent to a second order risk. Nonetheless, nobody likes to play cards to lose
every time he (or she) plays. Thus, for example, the probability of taking the ace out
of a heap of thirteen cards of the same color, and then taking the ace of a similar heap
of another color is I out of 169 (a second order chance - or risk); accordingly the
odds against taking the aces are 168 to 1. These kind of odds (or risk) the general
public tend to understand. However, when fifth and lower order risks are to be
considered quantitatively, a kind of simple perception dominates the minds, and no
reasonable judgement takes place.

Residues from several kinds of laboratory research, slightly contaminated objects and
consumer materials, biological materials, scrap metals, and a myriad of weakly
radioactive wastes generated in nuclear reactors constitute the so called low level
radioactive wastes (LLRW). In addition, uranium mill tailings, and wastes from
clean-up of old uranium, radium and thorium processing plants also generate LLRW.

The low risks associated with the LLRW should be taken into account in a
framework of risk benefit analysis. However, these risks are commonly considered
per se by the general public, making the risk perception to be based on intangible
aspects of cognitive dissonance. The risk perception by the public resulted in
unnecessary expenditure for risk avoidance, at least in the United States of America
[131.

Disposal technologies for LLRW are well established in several countries 4] In
each case risk assessment is mandatory prior to the construction of a final repository.
However, in most cases poor communication does not help to change the risk
perception by the general public. This is an open issue!

3. The Goifinia case

3.1 The decision to make the final repository

In the case of the Goidnia accident the radioactivity of the source term became
known soon after the accident [151. In addition, it was known that the only
radionuclide involved was 17CS. Moreover, almost all waste materials were kept in
an interim storage site (SS) nicely designed 161. The ISS was kept reasonably well
guarded and protected three years after the accident.

In 1990 a pre-arranged International Atomic Energy Agency (IAEA) Waste
Management Advisory Program (WAMAP) mission to Brazil was supposed to
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produce clear cut recommendations on what to do with the remnants of the Goidnia
accident, then regarded as wastes, and kept in the ISS near the city of Goidnia. Much
to the surprise of one of the authors (ASP), the IAEA-WAMAP recommended only
that the ISS should be covered, as soon as possible, to decrease the weathering based
corrosion of the metallic recipients which were holding most of the wastes, in
addition to keep the site safe and clean for the time being. A meeting of the few
Brazilian experts in radioactive wastes was called at the Brazilian Nuclear Energy
Commission (CNEN - Comissdo Nacional de Energia Nuclear) immediately after the
departure of the IAEA-WAMA-P mission. The objective of the meeting was to
discuss and analyze the IAEA-WAMAP recommendations, and to hear suggestions.
The meeting was attended by most people who had been involved in one way or
another in the site selection and construction of the ISS 171.

At the meeting there was a general agreement with the IAEA-WAMAP
recommendation. However, one of the participants (ATF) suggested that the time and
money to be spent to cover the ISS could be better used to start building the final
repository for the remnants of the oiania accident. This suggestion was promptly
accepted by the then decision maker on the subject (ASP) in a private meeting with
author of the suggestion, under the condition that he would be directly involved in
the process of building the final repository. The condition was accepted, and
arrangements were made to transfer ATF from his job to CNEN.

Later on, another person (JJR) was invited to join the initial team (ASP, ATF, and
JJR). This team ted initially to convince themselves of the feasibility of building
the final repository, and to start selling the idea offeasibility to other authorities and
to the public. Here it is worth mentioning that JJR was involved in the management
of the Goiania accident since it was first communicated to CNEN [18]. During the
first days of the accident JJR built a favorable reputation with the local community,
press, and television. Detailed descriptions of the first decisions and remedial actions
taken at the accident time can be found elsewhere [ 18].

At this point a struggle to build the final repository started taking place in Goiania
and other places.

3.2 The struggle to make the final repository

One of the first steps towards the final repository was the site selection. The criteria
adopted had been described elsewhere 19]. Taking into account the site selection
criteria hee candidate sites were preliminarily chosen. The distances of these sites
from the ISS were 100 km, 74 km, and 04 km. The characteristics of each site were
presented to the President of CNEN, so questions not included in the site selection
criteria could be raised. After agreement was obtained, the tree sites were presented
by the President of CNEN to the Governor of the State of Goids for a joint decision
on the site. The final decision had some intangible social-political and economical
components. However, the nearest site was chosen because of tangible arguments,
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such as[19]: minimization of accident risks while transporting the wastes; in situ
treatment and stabilization of wastes before being transported to the nearby final
repository to avoid a large increase in waste volume; Government ownership of the
nearby land plus the option to buy the surrounding areas.

Once the site selection was finished, a proposal was made to build a radioecological
laboratory and a public park in areas adjacent to the future final repository 19]. The
presentation of this proposal helped to gain the acceptance of the lay and scientific
communities concerned with the environmental impact of the repository.

Each member of the team, plus selected members of CNEN, participated in a number
of private and public hearings. However, taking advantage of his favorable reputation
with the local media, JJR had a remarkable role in arranging meetings with religious
groups, elementary and high school children, representatives of the judiciary system,
local politicians, local economical societies, associations of the victims of the
accident, and so on. Without those meetings the construction of the final repository
would not be possible.

One of the often used reasoning in the Goiania public hearings was that the worse
environmental impact scenarios would be not to build the final repository before
corrosion would reach a degree which would allow radioactive contaminated
materials to leak from the metallic dums. The risks associated with such scenario
was not quantitatively evaluated. However, the local authorities and the general
public were aware that these risks were not negligible. The project of the final
repository did not allow for any leakage, at least for the next 360 years after
construction. However, the only way to assure scientists, engineers, and the general
public that would be no leakage once the repository was built, was to let independent
monitoring by universities, research institutes, and nongovernmental organizations
(NGOs). Elementary and high school teachers, university faculty, lawyers,
physicians, and other professionals were little by little convinced that the project to
build the final repository for the Goiania remnants was feasible.

In Brazil, an individual annual dose limitation equivalent to 0.3 mSv was adopted for
the case of Goiania, taking into the proper account the criteria used for LLRW
disposal in other countries [1]. This corresponds to a risk of approximately 4 x 10-4.

The annual dose limit just mentioned led to a 137CS concentration of about 87 Bq.g-',
below which any waste would be exempt from regulatory control 1]. The time
estimated to be elapsed until the total radioactive waste from the Goiania accident
would be below the exempt concentration level was little less than 360 years [1]. So,
the final repository was conservatively designed to last at least 400 years [18]. One
simplifying aspect which helped the design of the repository was the fact that 50% of
the total waste volume was technically below the exempt concentration level at the
time of the beginning of the construction, and within 60 years another 30% would be
below this level 17].
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Of course, the dose limit mentioned above was not supposed to be reached ever.
Thus, when one was ready to admit that at any given time any member of the general
public would receive one tenth of the 03 mSv annual dose limit, one could also infer
that a risk of about 4 x IO-'. Again, one can ask; is such a risk negligible?

For scientists and engineers used to deal with risk estimates, risk comparison and risk
analysis four chances out of 100 thousands can be considered a very low risk, though
not negligible. However, one cannot forget that risk perception, when one considers
the elements of classical logic, is just a first step towards what may be called
knowledge, or ultimately comprehension.

Moreover, when today's risk coefficients for development of fatal cancers are
applied to the world population in the case of repositories for high level wastes,
estimated risks between 10-8 and 10-12 that any one person will die prematurely due
to radiation induced cancer pose an ethical dilemma 20]. Although the ethical
dilemma is an uresolved problem, the ultimate decision maker authority (i.e., the
one who has the legal obligation to take the final decision) ought to be subsidized by
risk evaluation and take the final decision accordingly. This was the case in the
decision to build the Goidnia final repository.

At this point it is worth mentioning that the adoption of a fixed risk coefficient has
inherent ethical considerations, which will have to be dealt somewhere in the future.
See, for example, a recent discussion on radiation risks and ethics 2 

4. The final repository

The Goidnia final repository was built as planned. The two subsurface structures
under the grassy artificial hills hold the overall volume of the remnants of the
Goidnia accident. The near hill holds x 103 m3 of stabilized wastes without
radioactivity, or with very low radioactivity. The far hill holds the remaining 65 x
10' m' of stabilized wastes with low and medium radioactivity. The central part of
each subsurface hill has been shielded by wastes with less and less radioactivity. The
overall fenced area occupies 1.85 x IO' m.

The external radiation levels are similar to the surrounding background, and much
lower than those found in the Brazilian areas of high natural radioactivity 22]. The
site is permanently monitored by independent institutions, including Brazilian
universities, and national and international organizations. As it was mentioned
earlier, the final repository was build to last for at least 400 years.
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5. Concluding remarks

a. Although the initial decision to adopt a too conservative decontamination
criterion in the case of the Goiania accident was bound to produce excessive
amount of waste; such decision proved, retrospectively, not to be bad
because the excess low radioactive waste produced was used as extra
shielding material in final repository.

b. The technical decision maker should not abandon risk estimates, but should
be aware that credibility is the main basis to achieve acceptability of a
decision by the general public.

C. Risk perception should be regarded as only a first step towards what may be
called knowledge, or comprehension of risk estimates, but risk perception by
the general public is still an open issue.

d. The problem of a fixed, or near fixed risk coefficient applied to radioactive
repositories needs to be further addressed, because it is in essence a
translation of the LNT hypothesis.

e. The ecision to make the final repository for the remnants of the Goiania
accident was a successful one, but one has to take into proper consideration,
at et retrospectively, that the decision-making process was facilitated
because the problem of Goiania was much simpler than the case of a
repository for LLRW in general.
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