
exposure due to evacuation. When infor- 
mation is lacking, the natural tendency is 
to attempt to err on the side of safety. 
What is not generally appreciated is that 
an order to evacuate may be a major er- 1 
ror. It may actually increase risk and, < 

therefore, not be an "error on the safe ] 
side." 1 

What then should be our strategy for ] 
action? During a reactor accident, deci- 
sions will have to be made in the face of - 
considerable uncertainty. In this con- 
text, time is an asset: It allows decisions 
to be based on more information and less t 
guesswork. The instinctive reaction-if 
an accident occurs, immediately run for 
the hills-is not the best course to fol- 
low. It deprives us of time and does not 
allow for the fact that even a quite seri- 
ous accident is likely to result in only a 
small radioactive release. In most cases 
evacuation may in fact expose the public 
to greater danger than less drastic mea- 
sures, such as just staying indoors. Dur- 
ing an accident, the severity and status 
of the situation is difficult to determine, 
even if all lines of communication func- 
tion perfectly. Decisions must never- 
theless be made based on whatever in- 
formation is available. Under such con- 
ditions, the principle of the "Decision of 
Minimum Regret" should be applied, 
whereby one assumes that the known in- 
formation is incomplete and may be er- 
roneous, so that the best course to pur- 
sue is the one that, if wrong, results in 
the least harm. Fortunately, the nature of 
reactor accidents helps out in the matter 
of time. Hazards to the public would 
evolve over a period of hours and days, 
not minutes. 

A disturbing facet of our current na- 
tional planning for emergency prepared- 
ness is the tendency to develop logically 
inconsistent scenarios of hypothetical 
accidents that are not necessarily based 
on reality or experience. The only acci- 
dent that may give rise to a public risk is 
a core meltdown. But one of the surpris- 
ing results of analyzing such accidents is 
that less than 2 percent of them would 
lead to significant offsite consequences. 
This does not take into account possible 
reactor operator actions or various cir- 
cumstances in the plant that would fur- 
ther diminish any consequences. Experi- 
ence has shown that, in the event of core 
meltdown accidents, 99 percent of the bi- 

ologically hazardous fission products 
such as iodine never get out of the reac- 
tor building, even if that building is vent- 
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ther diminish the fraction of radioactive 
inventory that might escape (as it did at 
Three Mile Island). 

But what if, despite all projections and 
precautions, a radioactive plume sud- 
denly appeared over a stricken nuclear 
plant? We believe inadequate recogni- 
tion is being given to the safety margin 
provided by the simple expedient of 
staying indoors. Closing the windows 
Further reduces potential radioparticu- 
late inhalation. The shielding ability of 
structures also offers substantial pro- 
tection. Even a simple wood frame 
house reduces the dose rate from a pass- 
ing cloud by a factor of 2. A masonry 
structure may give dose rate reductions 
of up to a factor of 10 on the first floor, 
and of 50 or more in the basement. These 
values are for isolated structures. A 
town where 35 percent of the area is cov- 
ered with buildings may provide addi- 
tional protection (up to a factor of 3). In 
fact, the greater the concentration of 
people the more protection is afforded by 
buildings, and the more difficult is evacu- 
ation. Evacuation, on the other hand, is 
likely to increase exposure due either to 
changes in meteorological conditions or 
to the fact that the movement of people 
may coincide with the direction of the ra- 
dioactive cloud. 

Currently the public official faced with 
an evacuation decision has no technical 
basis for making such a decision. Clearly, 
the question whether to evacuate or not 
is complex. There may be certain areas 
of low population within a mile or so of 
the plant where evacuation, even early 
evacuation, is the best course of action. 
But equally clearly, massive evacuations 
will only add to the public risk, with little 
probability of having tangible benefits. 

MILTON LEVENSON 
FRANK J. RAHN 

Nuclear Power Division, 
Electric Power Research Institute, 
Palo Alto, California 94303 

Scanner Development 

In the article by Di Chiro and Brooks 
on the Nobel prize awarded to Allan 
Cormack and Godfrey Hounsfield for 
their separate contributions to comput- 
erized tomography (Research News, 30 
Nov. 1979, p. 1060), the authors report, 
"It is a curious fact that the mathemati- 
cal procedure used in present-day scan- 
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pute the great importance of Radon's 
1917 paper, it is a curious fact that Di 
Chiro and Brooks overlook the sub- 
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stantial difficulties in applying Radon's 
theorem, and the person who introduced 
Radon's work into tomography. It is 
doubly curious because the contribu- 
tions they overlook are mathematical, 
and the Nobel Assembly stated "that the 
problem was basically a mathematical 
one" (press release of 11 October 1979). 

Numerical procedures based directly 
on Radon's formula are notably unsuc- 
cessful and have not been of practical 
value. The filtered back-projection pro- 
cedures currently used in virtually all 
scanners required development of new 
reconstruction formulas, which were 
originally developed from Radon's for- 
mula, although they can also be devel- 
oped directly from Fourier-transform 
theory (1). The chief figures in this devel- 
opment were undoubtedly A. V. Lak- 
shminarayanan, B. F. Logan, and L. A. 
Shepp. Shepp played the central role, in- 
cluding introduction of Radon's work in- 
to the field, development of new for- 
mulas suitable for numerical use, and in- 
troduction of "mathematical phan- 
toms," which provide a valuable way of 
experimenting with different numerical 
methods (2, 3). Logan provided impor- 
tant mathematical assistance (2), and 
Lakshminarayanan (working separately) 
extended the formulas to the fan-beam 
geometry, in itself a difficult step (4). 

The modern, filtered back-projection 
method provides two key advantages 
(both first demonstrated by Shepp): the 
picture quality is greatly improved, 
which has contributed greatly to the suc- 
cess of Hounsfield's technique; and the 
numerical procedures are greatly speed- 
ed up. In fact, most of the computational 
speedup emphasized by Di Chiro and 
Brooks may be attributed to the numeri- 
cal procedures, with today's improved 
computers playing an important but sec- 
ondary role. 

JOSEPH B. KRUSKAL 
Bell Laboratories, 
Murray Hill, New Jersey 07974 
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Erratum: In the report by Simpson et al., "Satur- 
nian trapped radiation and its absorption by satellites 
and rings: The first results from Pioneer I1" 
(25 Jan., p. 411), in Fig. lB the right hand scale of 
flux (for the electrons with energies > 3.4 million 
electron volts) should be multiplied by a factor of 10 
so that the maximum flux measured by the electron 
current detector is 3 x 106 cm-2 sec-1. Furthermore, 
in reference 9, the following citation was inad- 
vertently omitted: M. H. Acufia and N. F. Ness, 
ibid., p. 444. 
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