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Abstract Resume

This paper is the basis for contribution to the panel
session on the Three Mile Island Accident at the
CNS First Annual Conference in Montreal on June
18,1980.

The paper starts with a systematic analysis of the
chain of events that took place, and assesses the
significance of the four distinct phases of the acci-
dent. Inferences that can be drawn in respect to the
safety of CANDU reactors are considered. The
paper suggests a rational reaction to the action,
and points out several factors which despite
popular impressions did not play an important part
in the accident. The authors point out, that an over-
reaction to the accident could actually detract from
public safety. The Canadian response to the acci-
dent is discussed.

Cette communication est la base d'une contribu-
tion aux travaux d'une s6ance de groupe de travail
sur!'accident de Three Mile Island a la premiere
conference annuelle de la SNC, tenue a Montreal le
18 juin 1980.

La communication commence par une analyse
systematique du deroulement des evenements et
evalue I'importance des quatre phases distinctes
de I'accident. On examine les conclusions qu'on
peut tirer concernant la surete des reacteurs CAN-
DU. La communication laisse supposer une reac-
tion rationnelle aux faits et fait ressortir plusieurs
facteurs qui, malgre I'impression generate, n'ont
pas joue un role important dans I'accident. Les
auteurs font remarquer qu'une reaction exageree
pourrait, en fait, porter atteinte a la securite du
public. On examine la reaction canadienne a I'acci-
dent.
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1. INTRODUCTION

1.1 The nuclear industry started about 37 years ago
when scientific and engineering design work began on
the first large reactors in the USA; corresponding work
in Canada started shortly thereafter. By this time,
radium and x-rays had been known and used for many
years; the general dangers of radioactivity were known
and there was concern from the beginning that a
nuclear chain reaction might get out of control. The first
reactor safety committee was set up (in the USA) in
1948. Safety has been a principal factor in reactor
design from the beginning and in recent years it has
grown in relative importance to the point of being the
dominant criterion in many aspects of the overall
technology.

1.2 By any of the usual standards applied to other
human activities, the safety effort in the nuclear in-
dustry has been outstandingly successful. However, it
has never been assumed that perfection could be at-
tained; it nas always been recognized that untoward
events, mishaps and accidents of various degrees of
severity would happen; the aim was and is to ensure
that the frequency and the probability of such oc-
curences would be acceptably low.

1.3 This paper examines one specific accident, that at
Three Mile Island on March 28,1979, and describes the
reaction of segments of the Canadian nuclear industry
to this accident. The paper also considers the accident
in the context of the general history of reactor safety
and suggests a rational reaction to the accident.

2. THE GENERAL SAFETY PROBLEM IN THE
NUCLEAR INDUSTRY

2.1 All human activities are fallible and an industry
such as the nuclear industry is made viable and ade-
quately safe by a continuous effort to detect and
eradicate errors before they can lead to serious conse-
quences, and by the incorporation of one or more lines
of defence so that mishaps do not result in serious
damage or injury.

2.2 An accident occurs when the measures to detect
and remedy errors and the lines of defence which guard
against the consequences of error, fail to some degree
and in some combination. In practice, there is a general
relationship between the number, depth and strength of
defensive measures of all kinds and the consequences
against which they guard; the result is a rapidly declin-
ing number (or probability) of events as the severity of
the consequences increases. This relationship extends
into accidents of increasing severity. Using the fault-

tree methodology exemplified in the Rasmussen report
(ref. 1), it is possible to explore possible combinations
of initial failures with subsequent failures of one or
more stages of defence. The relatively high pro-
babilities of the less serious contributing events can be
estimated from direct experience, so that the much
lower probabilities of combinations, and thus of ac-
cidents, can be computed even though their frequency
is usually too low for direct observation.

2.3 Table 1 gives an indication of the scale of input to
a process of this kind. It shows the average number of
safety-related events reported for reactors in the U.S.A.
in 1977 and 1978. Similar summarized information is not
at present published for Canada or for other countries
but it seems likely that the experience in the U.S.A. is
reasonably typical. The great majority of such events do
not qualify as accidents in the usual sense of the word,
but could occasionally combine to cause an accident.
This is what the fault-tree methodology sets out to
predict and this is what actually happened at Three Mile
Island.

TABLE 1 SAFETY RELATED EVENTS IN THE U.S.A.
FROM REFS. 2 & 3

No. of Reactors Events Average

B&W Reactors
1977

Other PWR's
1977

B&W Reactors
1978

Other PWR's
1978

B&W Reactors
1977-8

Other PWR's
1977-8

6

26

8

30

_

186

915

366

1248

. .

31.0

35.2

45.8

41.6

39.4

38.6

3. THE ACCIDENT AT THREE MILE ISLAND

3.1 Table 2 shows, in the form of a logical chain, the
essential sequence of events which constituted the
accident. It is derived from refs. 4,5, 6, 7, 13 and 14. A
considerable number of events which did not appre-
ciably affect the course of the accident or which were
correctly dealt with by the operators have been exclud-
ed. It will be noted that every step up to the point of
serious fuel failure is a logical AND; that is the accident
would only occur if every step took place. This means
that the chain could in principle have been interrupted
and the accident averted by the prevention of any of
these steps. However, this particular chain is only one
of a very large number of possible chains which exist or



TABLE 2 THREE MILE ISLAND ACCIDENT SEQUENCE

Phase A. Initiating sequence (A mishap within the
normal range of viable operation) (First
minute)

START 1 Wrong detailed design of polisher resin transfer
system leading to resin blockage in transfer line.

AND 2 Wrong action by operators in connecting service
instrumentation air system to higher pressure
water system In trying to clear resin blockage.

RESULT 3 Water in air system caused sudden loss of nor-
ms) feedwater supply. Turbine tripped. Pilot
operated relief valve (PORV) opened correctly.

AND 4 PORV stuck In open position.

Phase B. Sequence leading Into main accident (A
very important safety related event)
(First 50 minutes after start)

AND 5 PORV position light In control rpom worked from
signal and not from valve plug.

AND 6 Previous occasion when 4 had occurred at this
same unit (TMI 2) (although for different
reasons) had not come to these operators' atten-
tion.

AND 7 Operators forgot or did not know about 5 and
failed to recognize significance of sustained
high PORV discharge temperature.

RESULT 8 The operators did not realize that the PORV was
stuck open.

AND 9 Design engineers and regulatory agency were
excessively concerned about avoiding solid (l.s.
all liquid) system operation.

AND 10 Operating manuals placed undue emphasis on
avoiding solid system, arising from 9.

RESULT 11 The operators concentrated on establishing a
vapour space in the pressurlzer by cutting back
emergency Injection and maximizing letdown
flow despite the fact that the primary coolant
was boiling away,

Phase C. The main accident (Failure to take the
last clear chance to avoid the accident)
(From 50 minutes to 2 hours after start)

AND 12 The operating manuals and the operators' train-
Ing did not deal with the case of a loss of
coolant accident resulting from a small leak at

the top of the pressurlzer, which is what this
was. The operators had no guidance or instruc-
tions for this contingency.

AND 13 During a period of more then an hour, 2 senior
operators, 2 control room operators and the
Superintendent of Technical Support all failed to
recognize from basic principles that the primary
coolant was boiling away, despite clear Instru-
ment indications of high primary coolant tem-
peratures, low primary coolant pressure, low
primary pump flow, high primary pump vibration,
and reactivity disturbances.

AND 14 There had been a failure to communicate to the
operators or to Incorporate into operating
manuals or training the lessons of at least two
previous events (Beznau and Davls-Besse) which
had given warning of many of the problems here
encountered.

RESULT 15 Two hours after the Start, much of the primary
coolant had boiled away and serious fuel
damage started. Despite partial recovery by the
operators and other management and engineers
who arrived later, the damage continued and
adequate cooling was not permanently restored
until nearly 16 hours after the start.

Phase D. Later stages (A warning event for the
future) (During 15 hours after start)

AND 16 Primary coolant liquid and vapour, hydrogen and
fission product gas and vapour escaped through
the open PORV to the reactor coolant (RC) drain
tank and then Into the containment building.

AND 17 Containment system was wrongly designed for
smalt leaks In primary system. Operators could
not Isolate (i.e. close off) the containment
building without loss of primary coolant pump
seal cooling because of the Inflexible design of
the isolation system. Automatic isolation was
even less helpful and was In fact overridden by
the operators.

AND 19 Gases and vapour were pumped from the RC
drain tank Into the waste gas header which had
leaks and pressure relief devices so that gases
and vapour escaped to the atmosphere.

RESULT 20 Much of the noble gas fission products and a
small amount of radioactive iodine escaped to
the atmosphere and caused limited radiation ex-
posure of the public. Much of the radioactive
Iodine was trapped in water In the auxiliary
building and the containment building. Hydro-
gen, formed from overheated fuel sheaths in
contact with steam, burned In the reactor
building.



could be postulated, and it is necessary to discriminate
carefully between parts of the chain which have other
high probability chains or networks in parallel and
those which do not. This is recognized by subdividing
the chain into four phases.

3.2 Phase A consists of the turbine trip followed by
the correct opening of the pilot-operated relief valve
(PORV) and its failure to close when the pressure drop-
ped. A turbine trip can result from a large number of ge-
nuine or spurious causes, and it appears that this type
of pilot-operated relief valve has performed rather poor-
ly in this particular function in many reactors of this
type, perhaps because of a concentration of deposited
boron salts when it leaks slightly. Since the risk of the
valve failing to close was offset by the provision of a
block valve operated from the control room, which
should have entirely nullified the effect of the PORV re-
maining open, it seems reasonable to regard the whole
of Section A as a mishap within the range of normal
operation. The operating staff would be expected to
deal with the situation by closing the block valve and by
overhauling the PORV. In the longer term, they would be
expected to call for a technical review, perhaps leading
to changes in the design of the PORV or its replace-
ment by a type which would perform reliably in this par-
ticular application.

3.3 However, the steps of Phase B ensued. An ar-
bitrary duration of 50 minutes is allotted to this phase; it
is understandable that the operators, suddenly and
unexpectedly presented with this combination of cir-
cumstances at 4 a.m. would take this amount of t im^to
diagnose the problem and to rectify it. There would.,
have been no serious consequences had proper diag-
nosis been made within this period; the fact that this
was not done made this a very important safety-related
event.

3.4 It is a principle of value to this analysis that
responsibility for an accident arises from failure to take
the last clear chance to avoid it. This principle estab-
lishes Phase C as the main accident. This started ap-
proximately 50 minutes after the trip, i.e., at the end of
Phase B, at which time there had been no damage to
the reactor or the fuel and at which time the situation
could have been restored more or less to normal within
a few minutes. As it was, the primary coolant slowly
boiled away. Two hours after the trip, fuel damage
started. The operators did broadly follow their instruc-
tions, and if the instructions had covered this particular
contingency eliminating Step 12, the accident would
have been averted. The staff involved in this phase in-
cluded two senior operators, the Superintendent of
Technical Support and two control room operators.
They had ample instrument indications of what was go-
ing on in the primary coolant system, and it would ap-
pear that they had plenty of time — more than an hour
between the time when things were unmistakably

seriously wrong and the time when fuel damage
started. If they had been able to diagnose the situation
from basic principles, they could have restored ade-
quate cooling in a few minutes and averted the accident
by reversing Step 13. Considering Step 14, at least two
warning events had occurred. One of these occurred at
the same type of plant, was published in the open
literature (ref. 3) 6 months before the accident, and was
recognized as an important warning by at least one
engineer in the manufacturer's organization. The same
PORV had failed to close for different reasons at the
same reactor a year earlier. It was a failure of com-
munication in a very broad sense that these experi-
ences had apparently not reached any of the five men
here concerned; if they had, Step 12 would have been
reversed and, quite probably, Step 13 as well.

3.5 Phase D amounts to a warning incident for the
future. Success in the field of reliability engineering
means less failures, and this in turn means a slower
learning process. The excellent safety record of the
nuclear industry has meant that there has been little or
no experience of containment systems being needed
"in anger" until this occasion. In the light of this ex-
perience, it is now clear that the design of this par-
ticular system was unsuitable for the case of a small,
slow leak from the primary system. It can also be seen
that the maintenance of some of the related systems
was not as good as it should have been. As in the case
of the main accident, there was a gap in the operating
instructions and training for this class of occurrence.

4. INFERENCES ABOUT NUCLEAR SAFETY

4.1 As will be seen from Table 1, reactors in the USA
are broadly averaging 40 safety related events per year.
A cursory examination of a sample of the events
reported in refs. 2 and 3 suggests that perhaps 1 in 20 of
these could be classified as important and of those, 1 in
20 could be classed as very important, ranking with
phase B of Table 2. The total "western" world (OECD)
nuclear electricity generating experience amounts to
roughly 1500 reactor-years at the time of writing. A
typical reactor would therefore expect to experience a
very important safety related event, bringing it to a
situation like that at the end of Phase B, 0.1 times per
year or once per 10 years. The total number of such very
important safety related events would be about 150. In
one of these cases, i.e. the TMI accident, some further
lines of correction or defence failed and an accident
resulted. This indicates one point of the overall acci-
dent spectrum with a severity of 3300 man-rem public
exposure and a frequency of 1 in 1500 reactor-years, or 7
x 10~4 per year.

4.2 One of the staff studies (ref. 8) published with the
Kemeny report shows that the Rasmussen analysis in-



dicated a probability of 13% that an accident of similar
severity to TMI would occur in the 410 reactor-years of
experience with PWR's and "3WR's in the USA up to that
time. If, however, a similar accident frequency is con-
sidered to be of general applicability to all OECD elec-
tricity generating nuclear reactors, that is assuming
that the ground rules and reliability of technology are to
that extent common throughout the western world, the
total exposure becomes 1500 reactor years and the
agreement is statistically very good. Looking at this in a
different way, the 1090 reactor-years accumulated out-
side the USA have not produced an accident of TMI
severity. This pattern is entirely within the bounds of
pure chance. The Birkhofer report (ref. 15) produced in
West Germany, covers much the same ground as the
Rasmussen report. It arrives at a somewhat more pessi-
mistic accident spectrum, but again, the TMI expe-
rience does not seriously disagree with its predictions.

4.3 Overall judgements about the safety of low cost
electrical energy sources, and the relevance of the TMI
experience, can be made on the basis of Table 3, which
shows, in columns 2 and 3, overall mortality figures for
the nuclear and coal fired electricity generating in-
dustries rounded from those proposed by Hamilton
(refs. 9 & 10). The overall nuclear mortality figure in-
cludes the consequences of all normal radioactive
releases and also all accidents, in which respect it is
generally consistent with the accident spectra of the
Rasmussen and Birkhofer reports. The "coal" figures
apply to stations in the USA having scrubbers and com-
plying with current stack effluent regulations. Figures
similar to those given for coal and nuclear have receiv-
ed the endorsement of the American Medical Associa-
tion (ref. 11), confirmed since the TMI accident by the
California Medical Association (ref. 12).

4.4 It will be noted that the public mortality rate in the
nuclear industry is the lowest figure in Table 3, and that
it could be changed by quite a large factor without alter-
ing overall comparisons. The miniscule contribution of
the TMI accident to the whole picture, i.e. roughly the
equivalent of 0.7 of a fatality in 1500 reactor-years, is in-
dicated.

4.5 The foregoing discussion treats the OECD nuclear
industry as a whole, implying a broad similarity of risk
per reactor year for different countries, different

TABLE 3 MORTALITY CONTRIBUTION PER
1000 NIW STATION-YEAR

1

NUCLEAR

3

COAL

PUBLIC

(TMI)

OCCUPATIONAL

.2

(.0005)

.6

manufacturers and operators, and different reactor
types. It also implies a risk per reactor-year which does
not vary with time or experience.

4.6 It may be held that the accident had an assignable
cause (Step 12, or a small combination such as Step 12
+ Step 13 + Step 14 in Table 2). If then, this assignable
cause is eradicated as a result of it being revealed by
the experience as a dominant risk, the risk after
remedial steps have been taken will be less than before,
in other words, in the broad view, less than one acci-
dent of TMI severity per 1500 reactor-years.

4.7 If it is hypothesized that the TMI accident occurred
because the risk was higher in a sub-set such as reac-
tors produced by B&W, reactors operated by sm^ll
utilities or reactors regulated by the USNRC, as seems
to be implied in the Kemeny and Rogovin reports, it
would follow that the risk in reactors outside such
subsets was lower, i.e. again less than one TMI event
per 1500 reactor-years.

4.8 However, the most important factor is that only
the single event has occurred, and only the broadest
conclusion can be reached with any degree of con-
fidence. Any attempt to assess the safety of a subset
must depend mainly on analysis of the contributing
higher-probability factors, i.e. by using the Rasmussen
methodology, as was and is being done to varying
degrees within the industry before and after the TMI
accident.

5. THE SAFETY OF CANDU REACTORS

5.1 It can be seen that in a general sense, experience
indicates that the safety of the OECD nuclear industry
in respect to reactor accidents is represented by a curve
or spectrum which passes through a point with severity
3300 man-rem and frequency 7 x 10~4 per reactor-year.
The Rasmussen and Birkhofer curves, and possibly the
Farmer criterion (ref. 16), may be held to indicate the
shape of the curve, and the gross figure of 0.2 fatalities
per reactor-year in Table 3 may be seen to be broadly
consistent with all these sources of information. If
Canadian reactors are considered separately as a sub-
set of the OECD nuclear industry, it is necessary to con-
sider their particular features in relation to the TMI reac-
tor and to all other OECD reactors, bearing in mind what
actually happened in the TMI accident. The following
important differences between CANDU reactors and
the TMI reactor, related to the major steps of Table 2,
may be noted.

In the case of CANDU —
(i) The primary coolant system consists mainly of

tubes and headers.
(ii) The total volume of primary coolant is less.
(iii) The coolant is very expensive heavy water and



the operators therefore tend to be acutely con-
scious of inventory control; i.e. avoiding coolant
loss.

(iv) Because of design operating conditions, boiling
and incipient boiling are familiar concepts to
CANDU designers and operators, despite the
designation "pressurized heavy water",

(v) The cool moderator represents a large indepen-
dent heat sink close to the fuel,

(vi) The normal light water content of the boilers
represents a large heat sink in itself.

Of these differences, (iii) and (iv) would likely have
substantially altered the course of events, had the same
initiating event occurred with a CANDU. Difference (v)
would have been significant had the TMI accident not
been terminated short of core meltdown. Difference (vi)
would have altered details of the early events but would
not have affected the ultimate course of events.

5.2 Despite the numerous differences in detail bet-
ween CANDU reactors and the TMI reactor, there are
broad similarities of philosophy and basic design ap-
proach among all water-cooled reactors. In addition, the
broad approaches in respect to regulation and in
respect to thoroughness and quality control in the in-
dustry are similar in most countries.

5.3 When all these factors are considered together, it
would appear to be conservative to consider that
CANDU reactors fall into an OECD wide pattern of safe-
ty as summarized in Table 3.

6. A RATIONAL REACTION TO THE
ACCIDENT

6.1 The essential chain of events in the TMI accident,
listed in Table 2 consists of 5 steps. This particular
chain could have been broken and damage to the fuel
averted, at any of the first 11 steps. The subsequent
escape of fission products could have been prevented
at two subS3quent steps. However, many parts of the
chain have a large number of similar paths in parallel,
so it would be fairly easy to reach the onset of the main
accident at Result 11 by a number of different routes.
Thus, from a generic viewpoint, remedial action before
that point would be relatively inefficient.

6.2 Highly efficient remedial action would lie in break-
ing the chain at Steps 12, 13 and/or 14. This would
amount to eliminating the assignable cause of the acci-
dent.

6.3 Amongst these, the single most positive measure
would be the elimination of Step 12 by ensuring that
emergency operating instructions fully cover the case
of a leak of any feasible size at any location in the
primary coolant system. In terms of cataloguing, it

should be possible to enter the array of instructions
from a set of symptoms which the operator might en-
counter and identify. The array of instructions should be
checked against the accident analyses to ensure that
there are no ambiguities or "loose ends".

6.4 Step 13, the inability of that particular group of
operate 3 to oiagnose the situation from basic prin-
ciples, appears to be the most difficult to deal with in
general, since it would depend on improving something
in the nature of intelligence, curiosity, judgement and
general education in physics amongst all operators. The
production of a text covering all aspects of boiling in a
pressurized or boiling water system to be used during
training of operators would appear to be of value.

6.5 Step 14 could be dealt with by a system for
feeding back reports of operational experience to those
who would benefit from it. An essential step would be
the filtering out of trivial and irrelevant reports, since
these are so numerous that they can readily obscure
those that are important.

6.6 If these three measures are implemented, it would
appear that the probability of another accident of the
TMI type, i.e., the slow boiling away of the coolant from
a virtually intact reactor, would be reduced well down
into the general background of risk made up of many
different possible chains each of very low probability.

6.7 The subsequent warning incidents of Phase D in
Table 2 also call for action. The containment exists to
mitigate the consequences of accidents which release
radioactive substances from the reactor; the TMI acci-
dent revealed that one particular containment system
did not function properly when a slow release occurred
combined with a failure of the operators to realize that
such a release was taking place. The situation is less
clear cut than the main part of the accident. The plann-
ed arrangements for "isolating" (closing off) the con-
tainment were inflexible, but the accident took place
quite slowly. It is not clear from the literature whether
the operators or other technical staff could have selec-
tively operated isolating valves from the control room or
from accessible equipment rooms if they had been
aware of the true situation. In CANDU plants, the valves
and dampers generally have auto-manual stations per-
mitting direct intervention by operators even though
operation is normally automatic. What is clearly called
for is a review of the overall containment arrangements
in each reactor to ensure that, if a situation arose
similar to that at TMI after the fuel had been damaged,
the proper combination of automatic and manual
operations would be ensured. It would be particularly
necessary to ensure that an operator was not con-
fronted with the dilemma of risking further damage to
the reactor in order to cut off leakage via less essential
systems.



6.8 The possible formation of an inflammable mixture
of hydrogen and air in the containment was revealed by
the TMI experience as being an important problem. This
contingency had been considered in previous safety
studies and did not contribute to the severity of the TMI
accident, but it is clear that further study of this con-
tingency is warranted.

6.9 Finally, the most important response of all to the
accident m y well be the direct feedb."k of the ex-
perience to the large number of peoplo vv 'o, at root,
constitute the nuclear industry. What '-appened is now
widely understood amongst those responsible for every
part of the industry with the result that better decisions
are likely to be made at all levels, regardless of "institu-
tional" actions. In this respect, ongoing discriminating
analyses of the accident, such as is attempted in this
paper, may have value in promoting discussion and im-
proving balanced perceptions of the significance of
what transpired.

7. SOME "LESSONS LEARNED" WHICH
PERHAPS SHOULD NOT BE

7.1 The critical feature of the TMI accident was that
much of the primary coolant boiled slowly away
through a small leak in a period of not less than two
hours. The following factors, which form the basis for
recommendations for change which have been publish-
ed in some quarters, do not appear to have played a
pivotal role in the main part of the accident (Phase C in
Table 2).

(a) Control room layout

There were ample instrument indications which should
have enabled the situation to be diagnosed, (see Table
2, Step 13). The most important ones are listed as being
on the main suite of panels. With the number of people
available and on the time scale of 2 hours, it seems
highly unlikely that differences in the general layout or
human engineering could have made any important
difference. Much of the literature on this subject of
man/machine interface relates to the aircraft situation,
where an error by a member of the flying crew can bring
an aircraft to total disaster in a few tens of seconds; the
time scale was entirely different in the TMI accident.

(b) Availability of heat sinks, small secondary water
capacity of once-through boilers, reliability of feed-
water supplies.

It is clear from the accounts of what happened that the
fuel was more than adequately cooled at least until the
last primary circulating pump was switched off 1 hour
and 40 minutes after the start. The wrong positioning of
the switches in the emergency feedwater supply was

systematically diagnosed and corrected by an operator
in 8 minutes, during which time the primary coolant ab-
sorbed the heat output from the fuel without any tem-
perature limits being exceeded.

(c) Number and academic standing and experience of
operating staff.

Fifty minutes afte the start, the Superintendent of
Technical Support, who had a BS university degree, was
reported to have arrived at the site. It appears that he
joined 2 senior operators and 2 control room operators,
the whole group having a combined nuclear experience
of 59 years (ref. 1). This was 1 hour and 10 minutes
before fuel damage started. It is difficult to understand
what more could have been done organizationally in
respect to formal qualifications of the staff.

(d) Extent and depth of training and retraining

The fundamental problem lay at Step 12 of Table 2. The
general safety ana.ysis should have covered any size of
Jeak at any JocatJon in the primary coolant system, and
it should have led to the preparation of operating in-
structions which would logically cover all such con-
tingencies. In fact, there was a gap in these lines of
defence, an error which remained undetected until re-
vealed by the occurrence of the accident. No amount of
training or retraining of operators would have helped if
it remained based on these defective lines of defence.

7.2 The factors listed above were secondary and
peripheral. If the improvements which are being called
for in respect to them had been made before the; acci-
dent, it is difficult to show logically how they could iiave
broken the crucial chain of events.

& THE CANADIAN RESPONSE

8.1 AECL & Ontario Hydro each has a large body of
professional engineers, technologists and scientists
who share an organized responsibility for the design of
nuclear power plants. An important part of their work is
the study of mishaps and failures of all types in order to
ensure that appropriate defences against their conse-
quences are provided. Ontario Hydro also has another
large sub-organization responsible for commissioning,
operating and maintaining reactors, and, in particular,
for ensuring that these defences are maintained in a
state of effectiveness. Hydro-Quebec and New Bruns-
wick Electric Power Commission are in a similar posi-
tion with respect to operating responsibility to that of
Ontario Hydro, but are at an earlier stage in the develop-
ment of their actual nuclear generating capacity. They
are developing corresponding capabilities in the opera-
ting areas. The Atomic Energy Control Board oversees
all these activities with responsibility for safeguarding



the public interest In respect to safety and has absolute
authority over the industry in discharging this respon-
sibility.

8.2 The statement above is sufficiently general that It
could probably apply to any of the OECD nuclear coun-
tries. However, there are some important differences
between the basic approach adopted in Canada and in
particular, that in the USA, as follows: in Canada,

(a) the primary responsibility for safety has rested rather
more firmly on the industry. "Design by regulation"
has been less prominent. The AECB has established
the general safety outline which must be followed.
Industry has the responsibility for developing detail-
ed designs which satisfy these criteria.

(b)the regulating process has been less rigid and more
direct. There has been almost no "butting of heads"
between lawyers.

(c) it has always been a part of the safety philosophy,
both in the industry and in the regulatory approach,
that operators are both expected and permitted to
think within their established competency, particu-
larly when dealing with abnormal circumstances.

8.3 In accordance with this emphasis, It would be ex-
pected that the main thrust of feedback of the TMI ex-
perience would take place through the design and
operating organizations, and this has In fact happened.
Information about what happened In the TMI accident
initially became available in a rather piecemeal fashion,
but the main features outlined In Table 2 of this report
became fairly clear and were well known in the whole
technical community within a few weeks of the acci-
dent. In each technically specialized area, and In the
overall management, the first question to be answered
was how the experience related to the Canadian situa-
tion. In some respects, this question had to be con-
sidered separately for different CANDU reactors be-
cause of differences in some design details between
them.

8.4 The most important early action taken throughout
the Canadian industry was an extensive review of the
whole system of lines of defence in areas directly
related to the TMI chain of events. Although little that
was new emerged, it is clear that this review was In
itself a line of defence of considerable importance, par-
ticularly since It was undertaken in the shadow of a real
event.

8.5 A second action of importance was a review by
the operating organizations of the operating Instruc-
tions and the training procedures associated with
postulated emergencies similar to that actually ex-
perienced at TMI. In the case of Douglas Point, for ex-
ample, which was designed and is owned by AECL and

operated by Ontario Hydro, a new "Abnormal Incidents
Manual" has been prepared within the overall series of
operating manuals. This was a response to Step 12 of
Table 2 cf this report, which, as discussed In Sec. 6.4, as
probably the most Important cause of the accident. As
has always been the case, these new and revised
documents have been reviewed by the designers.

8.6 A part of the general review mentioned in 8.4 con-
cerned the containment systems of Canadian reactors.
As discussed in 6.8, designs and operating procedures
have been reviewed to ensure in particular that radioac-
tivity would not escape as an indirect result of an acci-
dent being less severe than previously considered.

B.7 In the case of the appearance of hydrogen In the
containment, a programme of investigation which was
already In progress at the Whiteshell Nuclear Research
Establishment of AECL, suported jointly by Ontario
Hydro and AECL, has been given considerably higher
priority.

8.8 Improved feedback of operating information, dis-
cussed In 6.5, has to some extent taken place
automatically. Each individual concerned was alorted
to the Importance of this as soon as the TMI story
became known. However, specific organizational steps
are being taken to ensure more effective results in
future. The problem Is more complicated than might ap-
pear at first sight. The regulatory agencies demand that
even the most minor incidents be reported, so that on
the world (or OECD) scale, the number of reports Is so
great that the few which have general or specific impor-
tance tend to be submerged amongst the trivia. Within
AECL, a system of filtering, summarizing and selective
distribution Is now being actively considered.

8.9 It will thus be seen that the important items outlin-
ed in Sec. 6 have either been implemented or are In the
course of being Implemented. Beyond this, and par-
ticularly for the Items listed In Section 7 as not appa-
rently following logically from the TMI experience,
many further actions are also proposed in some
quarters. This phenomenon appears to be yet another
instance of needless ratchettlng of safety re-
quirements, a subject which causes understandable
concern in the Industry.

8.10 The Atomic Energy Control Board has, of course,
been actively involved In the Canadian reaction to the
TMI accident. It gave specific instructions to the in-
dustry for most cf the early actions outlined above, con-
firming in most cases actions already initiated. The
AECB has recently published a report, INFO 0003 (ref.
13) which contains 56 recommendations for actions by
the AECB and the industry, and has given Instructions
that all these recommendations are to be implemented.



Many of these are already being implemented; the re-
mainder are being discussed between the AECB and
the industry. It should be noted that the important ac-
tions outlined in Sec. 6 of this paper are all included in
the recommendations of INFO 0003.

8.11 Looking beyond the immediate reaction toTMl, it
is to be noted that the three principal broad-based
reports issued in the USA, i.e. Kemeny, Ref. 6, Rogovin,
Ref. 7, and the report to the Governor of Illinois, Ref. 14,
all make favourable reference to the use of probabilistic
methods of accident analysis. The Canadian industry is
already extensively using such methods, described as
Safety Design Matrices, for studying safety and reliabili-
ty of major systems and sub-systems. It is intended that
these activities will progressively be integrated into
overall studies for Canadian reactors, substantially akin
to the Rasmussen study. These would yield overall
safety indices such as are shown in Table 3, so that bet-
ter judgements would be possible about overall and op-
timum levels of safety. This work will undoubtedly
enable the TMI experience to be seen in clearer
perspective in relation to the Canadian programme.

9. THE DANGER OF OVERREACTION TO TMI

9.1 Table 3 indicates that if the overall reaction to TMI,
particularly by the regulating agencies but also within
the industry, results in electricity being generated from
coal which could otherwise have been generated by
nuclear plants, this will result in a marked increase in
risk to the public. The risks from either coal or nuclear
generation are small, but the ratio between them is
large — roughly a factor of 35 as shown in Table 3. It is
a fair question to ask whether the nuclear risk shown in

Table 3 applies to the industry before or after TMI, but,
as discussed in Sec. 4 above, it seems reasonable for
planning purposes to consider that, in the overall
political balance, it must apply to either case. The figure
for coal is based on the use of stack effluent scrubbers.
In the itsal situation in North America, it is almost cer-
tain that in the short term at least, most energy replac-
ing lost nuclear production will come from stations
without scrubbers, so that the actual figure would be
even higher than that shown in Table 3. Thus, an over-
reaction to TMI will increase risks and cost lives
amongst the public. This point of major importance ap-
pears to have escaped recognition in the Kemeny report
(ref. 6, the Rogovin report, (ref. 7) and the AECB's INFO
0003 (ref. 13).

10. CONCLUSIONS

10.1 It is of obvious importance that lessons learned
from the Three Mile Island accident should be the pro-
per ones. Its occurrence does not appreciably alter
previously developed estimates of the safety of the in-
dustry. The evidence indicates that nuclear electricity
generation is much safer from the public viewpoint than
that using coal, and coal is the only realistic alternative
as a low cost energy source in the foreseeable future in
many parts of Canada, and, indeed, the world.

10.2 The foregoing conclusions do not reflect com-
placency. The nuclear industry is not complacent regar-
ding safety despite the excellent record. An appropriate
and rational reaction to the accident has been discuss-
ed, and in Canada the proper steps to reflect this reac-
tion have been or are being taken. Continuing efforts on
the part of all concerned will, however, be needed to
prevent a wasteful and counterproductive overreaction.



10. REFERENCES

1 Rasmussen, N.C., Reactor Safety Study — US NRC,
WASH-1400 (NUREG 75/104) October 1975.

2 Scott R.L. et al, Safety Related Events in PWR's,
1977, NUREG/GC 0466. US Dept. of Commerce,
NTIS, 5285, Port Royal Road, Springfield, VA, 22161,
USA, November 1978.

3 Scott, R.L & Gailaher, R.B., Safety Related Events
in PWR's, 1978 NUREG/CR-0861. NTIS (as above)
September 1979.

4 Investigation into the March 28, 1979 Three Mile
Island Accident by Office of Inspection and En-
forcement July, 1979; US Department of Commerce
National Technical Information Services, USA.
NUREG 0600.

5 Analysis of Three Mile Island — Unit 2 Accident.
Nuclear Safety Analysis Center, USA. NSAC-1. July
1979.

6 Kemeny, John G., Chairman, Report of the Presi-
dent's Commission on the Accident Three Mile
Island, Washington, D.C. October 1979.

7 Rogovin, Mitchell, Director, and Frampton, George
T. Jr., Deputy Director, Three Mile Island. A report to
the commissioners and to the public. National
Technical Information Service, USA. 1980 Jan. 24.

8 Technical Staff Analysis Report on WASH 1400 by
Robert D. Burns III, Technical Assessment Task
Force. Kemeny Commission, Oct. 1979.
Washington D.C., USA.

9 Hamilton, L.D., Alternative Sources and Health.
CRC Forum on Energy, 1977. Robert v). Burnitz PhD,
Editor, CRC Press Inc., 18901 Cranwood Pkwy.,
Cleveland, Ohio, 44128, USA.

10 Hamilton, L.D., Health Effects of Energy Genera-
tion. Presented at conference on health effects of
energy production, Chalk River, Ont. Sept. 12-14,
1979. (Proceedings to be published.)

11 American Medical Association Council on Scien-
tific Affairs. Council report adopted by the AME
House of Delegates on June 21, 1978. JAMA, Vol.
240 No. 20, Nov. 10, 1978.

12 Energy Daily, Feb. 28, 1980, "California's doctors
perform about-face on nuclear power." — at
"Meeting of the California Medical Association in
San Diego recently."

13 Three Mile Island — A Review of the Accident and
its Implications. B.J. Pannel and F.R. Campbell.
Atomic Energy Control Board, Ottawa, 1980 INFO
0003.

14 Nuclear Power Reactor Safety in Illinois. A Report
to the Governor of Illinois by the Ad hoc Nuclear
Power Reactor Safety Review Committee. Illinois
Commission on Atomic Energy, July 1979.

15 The German Risk Study. Summary (Birkhofer
report). GRS, Glockengasse 2, 5000 Koln 1, W. Ger-
many, 1979 Aug. 15.

16 F.R. Farmer & J.R. Beattie. Nuclear Power Reactors
and the Evaluation of Population Hazards. Ad-
vances in Nuclear Science and Technology. Vol. 9,
1976, pp 1-72.



The International Standard Serial Number

ISSN 0067—0367

has been assigned to this series of reports.

To identify individual documents in the series
we bave assigned an AECL—number.

Please refer to the AECL—number when
requesting additional copies of this document

from

Le numcro de serie standard international

ISSN 0067—0367

a eif anribui a cette serie de rapports.

Pour identifier ks rapports individuels faisant partie
de cette serie nous kur avons attribue un numero AECL-

Veuillez faire mention du numero AECL- si vous
demandez d'autres exemplaires deer rapport

Scientific Document Distribution Office
Atomic Energy of Canada Limited

Chalk River, Ontario, Canada
KOJ 1 JO

Service de Distribution des Documents Offkick
L'Energie Atomique du Canada, Limitee

Chalk River, Ontario, Canada
KOJ 1J0

Price $2.00 per copy Prix $2.00 par exemplaire


