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ABSTRACT

An emergency is defined as "an unforseen combination of circumstances or the

resultant state that calls for immediate action". Although not explicitly'in-

dicated, the implication is that the action is intended to protect life, limb and

or property from extreme peril. For the most part, the kind and extent of the

emergency planning required under current regulations of the USNRC do not appear

to be so much related to emergencies (within the above definition) as they do

toward the reduction of the off-site radiation doses from uncontrolled releases

during reactor accident conditions to "as low as reasonably achievable" levels.

Not only do the latter appear to be of questionable cost-effectiveness, but in

their extent and complexity beyond normal disaster planning they may in fact be

counter productive to optimum public safety.

INTRODUCTION

An emergency is defined by one authoritative dictionary as "an unforseen com-

bination of circumstances or the resultant state that calls for immediate

action"*. Although not explicitly contained in it, this definition implies that

such "action" is urgent to the protection of life, limb and/or property from an

imminent and severe peril. This seems to be the way that the public generally

perceives emergency planning for reactor accidents.
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The reports of the two major federal investigative groups following the,

at Unit 2 of the Three Mile Island Nuclear Power Station on March 28, 19>Wvere

generally critical of the state of emergency planning for the protection of the

public in such circumstances2»3. Subsequently and largely in response to

•Research carried out under the auspices of the U.S. Department of Energy,

Contract No. DE-AC-02-76CH00016.



these reports, the Nuclear Regulatory Commission upgraded i t s emergency planning

regulations related to the licensing of nuclear power reactors to "assure that

adequate protection measures can and will be taken in the event of a

radiological emergency".

It is the principal contention of this presentation that even if the current

source term estimates are accepted without reservation, much of the kind and

extent of the planning measures that are being required under these regulations

do not appear to be so much related to emergencies (within the above definition)

as they do toward the reduction of the off-site radiaiton dose from uncontrolled

releases during accident conditions to "as low as reasonable achievable" (ALARA)

levels.

Does the Commission's failure to discriminate in these regulations between those

which seem incontestably related to an emergency and those which seem more in

the nature of ALARA matter? Several arguments may be made to support the

argument that i t does:

a) The Three Mile accident demonstrated that the public, the media and many

public health officials have a misperception of the likelihood and of the in-

evitability of large numbers of fatalit ies and/or of extensive property damage,

in the event of any serious power reactor malfunction. This seems one aspect of

the prevailing excessive fear of radiation which has been characterized as

"nuclear phobia" by Dupont .

b) The overall costs are considerable, from $5 to lOxlo", according to one

informed source**. A recent Industry survey by the Radiological Health Branch

of the Tennessee Valley Authority indicated that thirty-seven of the nation's

ut i l i t ies have committed between $50,000 and $14.5xlO6 in financial assistance

and that they also face mandated annual state assessments of $5,000 to $250,000

each to enable states and local governments to meet their portion the federal

requirements for the protection of the public during radiological

emergencies'.
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c) The NRC and some of the states are seriously considering the use of plant

parameters rather than actual releases to establish an emergency status on the

basis of which early protective actions would be instigated**.

d) In addition to harboring exaggerated perceptions -of the likelihood and

consequences of a nuclear reactor accident, the public and the media believe that

the most appropriate response, if not the only one, is evacuation.

REVIEW

In view of the foregoing, a brief review of the development of emergency planning

seems appropriate, in order to better understand some of the roots of this

confusion over what Is meant by emergency planning for reactor accidents.

The possibility of a major incident at a large nuclear power plant was recog-:

nized at the outset of the commercial implementation of nuclear power in the

United States in 1957. A study of the theoretical possibilities of such an

incident and of the consequences of various accident cases, without or accom-

panied by large uncontrolled released of fission products to the environment, was

initiated at that time by the U.S. Atomic Energy Commission at that time"- For

the worst postulated case, the release of 50Z of the core inventory of fission

products to the atmosphere under the most adverse meteorlogical conditions, it

envisioned the necessity of the evacuation of as many as 460,000 persons from an

area of 760 square miles. '

However, prior to the accident at Unit-2 of the Three Mile Island Station on

3/28/79, formal planning for protective actions (Including evacuation) was

generally not required beyond the Low Population Zone (LPZ). The LPZ is the area

beyond the site boundary within which, during the first two hours following the

onset of a design basis accident, an individual would not receive a whole body

radiation dose of more than 25 rem or not more than 300 rem to the thyroid due to

exposure to or inhalation of constituents of the radioactive plume1". The LPZ

is further defined as an area containing "residents, the total number and density

of which are such that there is a reasonable probability that appropriate

protective measures can be taken on their behalf in the event of a serious

accident"11. Prior to the TMI incident, the NRC staff had adopted a
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position that a distance of 3 miles to the outer boundary of the LPZ was usually

adequate*^.

A more sophisticated assessment of power reactor accident risks than that con-

tained in the 1957 study was published by the NRC in-1975J-3. This assess-

ment adopted a "keyhole" evacuation model for a series of postulated reactor

malfunctions, the area of which included a 360° circle out to a radius of S

miles, and a 45° sector out to 25 miles in the downwind direction. As shown in

Figure 1, even a very slow effective evacuation speed 1.2 mph was expected to

materially reduce the probability of early fatalities for the most severe

postulated releases from a Pressurized Water Reactor (PHR). As also indicated,

more rapid effective speeds were expected to reduce their probability to near

zero.

At least in part as a result of concerns raised by this assessment, in 1976 the

Conference of Radiation Control Program Directors passed a resolution asking the

Nuclear Regulatory Commission to make a determination of the most severe

incident basis for which radiological response plans should be developed by

off-site agencies**. A Task Force consisting of NRC and EPA representatives

was convened to address this request and related issues. It prepared a report

on the planning basis for the development of state and local government

emergency response plans, which was published in 1978^^. The Task Force

concluded that "The objective of emergency response plans should be to provide

dose savings for a specturn of accidents that could produce off-site doses in

excess of the Protective Action Guides" (underlining the authors). These guides

were 5 rem whole body dose and 10 rem to the thyroid*•" •

The Task Force recommended that Emergency Planning Zones (EPZ's) be defined

around each nuclear reactor, both for the short-term "plume exposure pathway"

and for the longer-term "ingestion exposure pathway". As shown in Figure 2,

these had respectively a radius of 10 mi and 50 mi. It suggested that within

the plume exposure EPZ, "shelter and/or evacuation would likely be the imme-

diate protective actions recommended for the general public".

Reference was made to studies*' which indicated that, if such actions were

taken within about 10 miles of a nuclear power reactor, there could be signifi-
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cant savings "6f~"eariy Injuries and" deaths following even the most severe atmos"-

pherlc releases. From these studies, the Task Force concluded that evacuation

appeared to more effective than sheltering In reducing the number of early

- health effects with 5 miles of a reactor, as long as the delay time and the.non-..._"..

participating segment of the population were kept sufficiently small. Between 5

and 10 miles, this distinction was not as apparent, especially for an "atmos-

pheric" (core-melt followed by catastrophic failure of containment) incident. For

areas beyond 10 miles, there was l i t t l e apparent distinction between the benefits

of sheltering and evacuation in terms of projected early fatal i t ies or injuries.

Based on the Reactor Safety Study the Task Force estimated that there was a IX

chance of emergency plans being activated in the U.S. over the next two

reactor-years and that the more severe accidents were 1/100 as likely.

It i s of interest to note, in the heat of current post-TMI emergency planning

climate, that the Task Force also stated:

"The EPZ guidance does not change the requirements for emergency planning, i t only

sets bounds on the planning problem. The Task Force does not recommend that

massive emergency preparedness programs be established around al l nuclear power

stations. The following examples are given to further clarify the Task Force

guidance on EPZ's:

No special local decontamination provisions for the general public ( e .g . ,

blankets, changes of clothing, food special showers).

No stockpiles of anti-contamination equipment for the general public.

No construction of specially equipped fallout shelters.

No participation by the general public in test exercises of emergency plans.

As this brief chronology suggests, even before TMI and without any conscious

redefinition of what constituted an "emergency", i t gradually changed downward

from the accident implied in 10CFR 100 in which an unprotected individual off-site

could receive a whole-body dose of more than 25 rem or a thyroid dose of more than

300 rem to that of NUREG-0396, which could produce off-site doses in excess of the

FAG's of 5 rem whole body and 10 rem to thyroid dose.

Although a close reading of NUREG-0396 suggests that the primary objective of the

proposed 10 mile radius for the plane exposure pathway was dose savings, this

seems subsequently to have been lost sight of by many emergency planners.
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A notice of the availabil i ty of the Report of the Task Force and a request for

public comment was published in the Federal Register on 12/15/78 (42 FR 58658).~

The indicated deadline for such comment was March 30, 1979 (two days after the

TMI-2 accident!).

TMI-2 and "What if"?

It appears to be generally accepted that the TMI-2 accident was a relatively

inconsequential event in terms of the amounts and kinds of radioactivity

actually released to the atmosphere and the resultant dose to the nearby

population, with a maximum dose nearby of about 100 mrem and an average of about

1 mrem to the population within 50 miles (see, for example, the Report of the

Presidents Commission). However, the popular and even some of the official

perceptions of this event including those that seem to underly much of the

current requirements for emergency planning, seem to be based not on actuality

so much as on "what if" considerations.

A tabulation, showing the amounts of some of the principal nuclides of

radiological concern which escaped from the fuel to the primary coolant and

which subsequently migrated to the containment and to the auxiliary building

during the TMI-2 accident is shown in Table I. The estimated amounts released

to the atmosphere during the incident are also indicated. The principal source

of these data is Bishop et al.!8> except for 131j which is from the report

of the President's Commission. By comparison with the relative amounts of

1^li and 1^7Cs in the primary coolant and the fractions of the later which

were released from the fuel, Bishop et al estimated that about 60% of the radio-

iodine was also released from the fuel. Much of the remainder, above that

accounted for in the primary coolant and leakage, is believed to have settled

into the containment building sump. The fractions of the core inventory of the

principle nuclides that were released to the reactor coolant system, to the

reactor building, to the auxiliary building and to the environment are depicted

in Figure 3. A petition factor of 2 x 105 between radioiodines in the liquids

and in the air in the containment building has been estimated by the Task Force

on Alternative Sequences to the Presidents Commission 19.

An elementary evaluation of the potential dose from the release of airborne

activity due to the failure of the containment may be made simply by scaling
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from what did take place. If the release of 9% of the core inventory of 133Xe

produced a dose of approximately 100 mrem at the nearest occupied location off-

site, then the release of the 60Z that was airborne in the containment (see

Figure 3) would have resulted in a dose of about 7G0 mrem. This projection is

based on the estimates by Bishop et al. that the equivalent of 11.9 x 10& Ci

of 133Xe (adjusted for decay) was actually released. If a lower release

estimate of 2.4 x 10*>Ci estimated by others^O ±a used, then the projected

boundary dose would be about 5 times greater.

The above estimate implicity assumes that the average meteorological dispersion

during the week or so after the incident would have been applicable to a shorter

time period. A more conservative estimate may be made by taking into account

that about 70% of the total or about 1.75 x 10& Ci of 133Xe (using the lower

estimate), was released to the atmosphere during the first 36 hours after the

incident, also that a potential boundary dose of some 500 mrem was measured on

an essentially unoccupied island 0.6 mi to the northwest of TMI-2. Using these

"data, a boundary dose at that location of about 25 rem can be projected if the

entire inventory of 8.7 x 10^ Ci of *33Xe which was airborne in the

containment had been released during this same time period. This estimate may

neglect some portion of the shorter- lived noble gases, such as 9.1 hr "^Xe

and 2-8 hr 8%r, which could have been significant contributors to

environmental dose within the first day after the incident. Considering them

and had the containment failed during the afternoon of 3/28, the projected

boundary dose could have been as much as 5 times "greater than that projected

solely on the basis of 133Xe.

In any event, this suggests that only for an accident which resulted in a prompt

release of a large fraction of the core inventory of radiogases into the con-

tainment, followed very shortly thereafter by its catastrophic failure, would

evacuation have been warranted in terms of the potential for exceeding the LPZ

external dose limit of 25 rem at the site boundary or close to it. Assuming

that the dose decreased with distance as (r/ro)"^'^, the warrant for evacua-

tion under this external dose criterion would have probably been confined to the

LPZ. Even for this most extreme case, it does not appear that the upper limit

of 5 rem gamma for whole body exposure, as set forth in the currently applicable

^l, could have been exceeded beyond 10 miles from the point of release.
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If the estimated Inhalatiou dose of 2-3 mrem to the thyroid of a child from the

elevated release of 15 Ci of 131I is scaled up to the total"4,300 Ci which was

apparently airborne in the containment on 3/28, its release would have produced a

boundary inhalation dose of approximately 1 rem to this same child's thyroid.

This does not call for evacuation under the LPZ design limit of 300 rem or even

the current upper PAG level of 25 rem. A ground level release of this amount of
1 3 1 I , (with the conservative assumption of a X/Q of 10~* sec/m3), could have

produced an inhalation dose of about 100 rem to a nearby child's thyroid and could

have exceeded the PAG out to about 3 miles. If a pathway from the fuel through

the liquid phase and a petition factor approaching 2 x 1(P are assumable, then

the total amount of actual radiodine in the containment during a LVR accident

would not exceed that released during the windspeed accident (20,000).

These simple considerations suggest that the extreme "what if" scenarios that were

imagined by the public, the media and even many of the "absentee" TMI crisis

managers were based more on imagination than on realism.

The popular perception of the effects of a major reactor incident is suggested by

a recent cartoon from a major local daily on Long Island, which is shown in Figure

A. Given the exagerated importance that was attached at the time to the TMI-2

incident and the low public profile that the findings by the President's Commis-

sion and its Task Forces have had, this public perception is perhaps understand-

able. It is somewhat more disheartening to find that the supposedly more know-

ledgeable regulatory agencies also appear to continue to hold a similar

perception.

An illustration is suggested by the NRC's post-TMI rule on Emergency Planning,

which calls for its considerable augmentation both on- and off-site. Although the

rule is intended to assure that "adequate protective measures" can and will, be

taken in the event of a radiological emergency, evacuation is the only one which

is specifically mentioned. Not only is it thus given prominence, but much of the

other required off-site planning appears to be closely related to evacuation, i.e.

notification, dissemination of instruction, communications systems, etc.

In the Supplementary Information to the rule, both as initially proposed and in

the final version, the Commission stated that in the aftermath of the incident at

Three Mile Island, "Safe siting and engineered features alone do not optimize

protection of the public health and safety". It further stated that "The accident

showed clearly that the protection provided by siting and engineered safety

features must be bolstered by the protective measures during the course



of an accident" and also that i t "Showed clearly that on-slte conditions, even If

they do not cause significant off-site radiological consequences, will affect the

way the various state and local entities react to protect the public from dangers,

real or imagined, associated with the accident". In the light of this, the

Commission concluded that "the public can be protected within the framework of the

Atomic Energy Act only if additional attention is given to emergency response

planning."

While the confusion following the accident at Three Mile Island supports the

Commission's .judgement of the need for additional attention to emergency response

planning, I t is open to question that the incident "clearly" demonstrated the need

for the degree and extent of the protective measures being called for by the

Commission. Also, while i t clearly demonstrated that the perception of on-site

conditions by various state and local entities affected the w; y they reacted, this

is of questionable relevance for a future similar occasion. Should one occur, i t

is to be expected that the concerned ut i l i ty , the NRC, the state radiological and

health bureaus, and FEMA will have a better coordinated response, in which case

the confusion which reigned during the TMI incident should not be replicated.

This confusion was a significant contributory factor to the reaction of the state

and local agencies to what were largely imagined dangers. Had these agencies

responded to the situation in more coordinated manner, the public perception of

the seriousness of the TMI incident would have very likely been much diminshed.

In the author's judgement, this should be one of the most important conclusions

from the incident, but i t does not yet seem tp have been given appropriate

emphasis in the "lessons learned".

One of the principal features of the rule is the official adoption of the earlier

recommendation of the NRC-EPA Task Force by enlarging the zone for which detailed

emergency planning is required. As already indicated, i t s radius is now about 10

miles for the plume exposure pathway and about 50 miles for the ingestion pathway.

In the light of the improbability of immediate l ife- threatening exposures beyond

the existing LPZ, the extent of this plume exposure EPZ appears excessive. In

effect i t applies the same rigor to the desirable objective of savings in the

population dose and in the possibility of hypothetical late effects that i t gives

to the urgent objective of the prevention of early fatal effects or illness to

nearby persons.
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With regard to most other planning for natural or technological catastrophies,

the emphasis appears to be on the prevention of imminent fatal effects or

injuries* Subtle and/or long-term hypothetical effects (similar to those

associated with up to a few rems exposure to radiation) do not appear to warrant

"emergency" responses. The NRC's emergency planning rule appears to make dose

minimization mandatory in a l l cases, without allowing for consideration of the

cost-benefit tradeoffs generally applied to low dose radiation in other situa-

t ions . In a recent study in which the costs of remedial actions were compared

to the monetary value of health effects averted, i t was found that even for a

release of 10^ Ci of 13*1 and associated f iss ion products, evacuation would

not be cost effective i f extended to include persons exposed to <10 rem22.

Based on the TMI-2 release experience, the use of this criterion would have

restricted remedial actions to within the previously accepted LPZ.

It may be argued that prevention of early effects would be enhanced by the

establishment of an assured capability for evacuation and the. dissemination of

the stipulated information to those persons close enough to a large power

reactor s i t e to be at imminent risk of fatal or severe early effect in the event

of a major malfunction. In those instances, i t might reasonably be expected to

expedite their response. However, neither the actual nor even the potential

population dose from airborne radioactivity during the TMI-2 incident suggested

the likelihood of a sufficient dose beyond the current LPZ to have warranted the

prompt evacuation of everyone up to a radius of 10 miles.

Evacuation, the wrong emphasis?

Of the several modes of potential dose minimization, the nev rule appears to

give undue emphasis to evacuation. The report of the NRC-EPA Task Force on

Emergency Planning suggests that whereas in many circumstances evacuation may be

the most effective close-in mode of protective action, I t may be less effective

than sheltering at greater distances from a reactor s i t e . The minimization of

dose by alternative measures such as the control of venti lat ion, respiratory

protection or by iodine prophylaxis i s also considered In this report, which

observes that a malfunction could occur during weather conditions when

evacuation might be diff icult or even impossible. Thus, i t seems unwise to
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condition emergency authorities and the public to think almost exclusively in

terms of evacuation, as the only available effective and/or most desirable

protective measure in the event of a large airborne release from a power reactor.

In the author's view, reasonable emergency action plans should include a set of

pre-established responses, graded according to the probability of the risk, as

well as to the severity of the effects which might be incurred. The current

emergency planning rule does not clearly do so, but rather seems to call for the

same degree of protective planning for those severe events with anticipated

likelihoods of <l/100,000 per year as i t does for smaller ones which might be

expected on a much more frequent basis.

In the case of flood plains, severe earthquake zones, prospective tornado impact

areas, etc . , the likelihood of recurrence generally seems to be considered in such

planning. In order to achieve a sensible allocation of effort and resources, this

factor ought to be considered in the case of emergency planning for nuclear power

reactor malfunctions.

It is almost self-evident that events with small consequences are more likely than

are those with large ones. This raises a serious question about the desir-

ability an/or need for providing the detailed information called for in the rule

to the public throughout a 10 mile EPZ on a yearly frequency. The net result may

well be to exacerbate the prevailing excessive fear of radiation, and thus to be

conducive to precipitate action if and when these minor events do occur. It seems

to the author more prudent to assure the public that, in the event of an incident,

they will have information and instruction from an authoritative and informed

source, as is the practice with regard to most other potential hazard situations.

In this same vein, i t may be observed that i t is not deemed necessary to provide

the public with detailed advance information about meteorology, hydrology,

seismology, etc . , to lead them to feel that they are being adequately protected

against possible natural disasters, let alone with comparable information about

the toxicity of specific chemicals which might become airborne in large quantities

due to technological failure.
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In comparison with the emergency planning requirements of other countries, some

with larger populations close to reactors than in the U.S., the new rule also

seems excessive and unduly preoccupied with evacuation. In West Germany,

Switzerland and Japan, the recommended initial protective action is

sheltering23~25# ^s shown in Figure 5, in West Germany evacuation is

contemplated only after some hours subsequent to the passage of the cloud of

radioactive material released during an accident, and then only for persons who

might be exposed to more than 25 rem if they remain sheltered. Emergency

response, prior to actual measurements of radiation levels, is contemplated only

within a radius of 5-8 km (3-5 miles). Beyond this radius, their plans call for

a graded response based on actual measurements and only if, without

countermeasures, the projected dose would exceed the 25 rem Emergency Reference

Levels. The Swiss and Japanese emergency plans are similar in principle.

As is the case in the U.S., these plans are based on release estimates which

correspond closely to those in the reactor Safety Study. That these estimates

are unduly conservative is suggested not only by the TMI-2 experience, but by

recent reviews by Levenson and Rahn, by Morowitz, and others of past evidence

from many experiments and incidents^, A study of the solution chemistry of I

in containment structures, which also supports this contention, has recently

been provided by R- Lemire et al^?. Data based on experience suggests that,

except for the radioactive noble gases, the current estimates by the NRC of

potential releases of fission products to the environment from power reactor

malfunctions are unrealistically conservative, 'possibly by up to several orders

of magnitude.

Conclusion

This is not intended to argue that the TMI-2 incident does not support the

desirability of some improvements in emergency response, especially in its

planning and organization. But neither TMI, nor any other relevant experience,

appears to support the notion that the potential for airborne releases from a

nuclear power reactor is sufficient to warrant the kind and extent of Emergency

Planning that is currently being called for. Much of it seems not as much

directed to what is generally considered in other contexts as an 'emergency' as

it is to to the achievement of ALARA.
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In a presentation on radiological emergency response planning to a 1980 IAEA,

symposium, the former Director of the Pennsylvania Emergency Management Agency

during the TMI-2 accident observed that In the past, states and local

governments had approached emergency planning for enemy attack, man-made or

natural disasters in an integrated format of a "family" of plans'^. He

commented that as visualized by the NRC, Radiological Emergency Planning takes a

separate approach, in which it must go well beyond the accepted norm for other

hazards* He also observed that since neither the Federal nor the state govern-

ments had budgets which could accomodate these costs, the nuclear industry by

default must pay these costs which could be "astronomically large".

Although they do not raise it directly, these observations lead to the ques-

tioning of the justification for the elaboration of planning for nuclear

emergencies beyond that for other disasters and of the resultant costs,

especially for those aspects which relate to ALARA rather than to immediately

life-threatening emergency situations. In order to achieve a wise allocation of

finite resources, the knowledgeable health protection community should insist on

a considered address to emergency planning, rather that supinely accepting

whatever the NRC propounds in the name of protecting the public health and

safety.
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