Significance of Radiciodines 8l.

In the event of a reactor accident releasing fission
products to the atmosphere, of most concern would be the fate
of the radicactive iodine isotopes (radioiodines), especially
the longer-lived iodine 131 (half-life equals eight days).
The Windscale {(United Kingdom) accident in 1957 brought the
realisation that during the first few weeks after an accident,
iodine 131 could be at least 100 to 1000 times more signifi-
cant than other fission products such as strontium 90. The
reasons for this are the abundance of radioiodines in fission
products, their volatility, their biological specificity and
their ready incorporation intoc food chains. About a third of
all nuclear fissions give rise to radiciodines somewhere in
their radicactive decay chain. About three per cent of all
figssions give rise directly to icdine 131, which is a bio-
logical hazard as significant as all the other radiciodines
combined. Iodine and many of 1its compounds are gquite vola-
tile, even at room temperature, and are readily released as
vapour if exposed to the atmosphere.

Decontamination

If a radiolcgical accident causes significant
radicactive contamination consideration must be given to
decontamination procedures. If perscons are externally con-
taminated a simple soap and water wash will often be effec-
tive. However persistent personal contamination needs more
stringent measures which must be carried out under the
supervision of persons knowledgeable in these matters. In
all cases contamination monitoring of the individual is
required tc ensure the effectiveness of the personal decon-
tamination procedure used.

Decontamination of inanimate surfaces may be
effected by methods such as:

a. washing, with water hoses, of vehicles,
paved surfaces, building roofs and external
walls:

b. mechanised flushing of streets (e.g. with
street cleaning vehicles);

c. mowing of lawns and disposal of grass
clippings:

d. scraping of contaminated topsocil and its

appropriate disposal.

Fixation of Remaining Radicactivity

After decontamination of inanimate objects some
radicactive contamination may remain, and this should be
fixed to prevent its apread or resuspension. Fixation
methods may include:

a. sealing road surfaces with asphalt,

b. painting, or repainting equipment or houses:
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uncontaminated so0il or sand.

Australian Resources for Dealing with Radiological Accidents
Involving Release of Radicactive Materials to the Environment

Bearing in mind the levels of radiation and contami-
nation likely to be encountered in such an accident the main
resources at the Commonwealth level for dealing with this type
of radiological accident lie with the Australian Atomic Energy
Commission in New South Wales and the Australian Radiation
Laboratory in Victoria. The Australian Military Force has a
modicum of relevant experience but their knowledge and experi-
ence is generally oriented towards the nuclear warfare situation.

Each State in Australia has a Radiation Branch, or
equivalent with relevant experience and expertise. However
their staff numbers are generally limited.

The State Emergency Services currently do not gener-
ally have ongoing programs relating to radiological accident
assi1stance. Any knowledge they have is generally biased towards
the nuclear warfare situation as are the radiological instruments
available to tham.

Consideration of Potential Radiological Accidents in Australia

Accidents Involving lLand Based N:uclear Reactors

It is emphasised that under no circumstances can any
accident to a nuclear reactor give rise to effects similar to
those produced by the explosion of a nuclear weapon. A nuclear
reactor contains within its core a large guantity of fission
products: this guantity depends upon the power at which the
reactor has operated and the period of time for which it has
operated. If part of this fission product inventory is acci-
dentally released to the atmosphere then persons in the environs
of the reactor may be at risk.

There are only two land based reactors (HIFAR and
Moata) in Australia, both of which are operated by the
Australian Atomic Energy Commission (AAEC) at the Lucas Heights
Regearch Laboratories in New South Wales,

The Moata reactor is an American Argonaut type nuclear
reactor of low power and it is unlikely that any accident invol-
ving this type of reactor could give rise to a significant
release of fission products to the environment,

The HIFAR reactor is one of the British DIDO class of
nuclear reactors, Whilst accidents, involving release of
fission products to the atmosphere, may be envisaged for this
class of reactor, a number of such reacters have been operated
for many years in Australia, Britain, Scotland, Denmark and
Germany and in no case has there been any accident involving
environmental release of fission products.

The AAEC has published its emergency plan APTCARE(IO)
(A Plan to Cope with Accidents at the AAEC Research Establishment
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Licas Heights NSW). The current edition of APTCARE is under-
going rewvision.

Accidents at Nuclear Facilities

The only nuclear facility in Australia is the
Australian Atomic Energy Commission Research Establishment
at Lucas Heights Research Laboratories in New South Wales,
This establishment has never had any accident invelving
release of radicactive materials to the environment which
could adversely affect members of the public. Other Austra-
lian establishments where radicactive materials are used,
have limited inventories of such materials and also have
na record of accidents likely to affect the public.

{11)
Accidents during Transport of Radicactive Materjals

Stringent regulations relating to the transporta-
1on of radisactive materials have been made at both the
naticonal and international level. Whilst there have been
scme accidents throughout the world during transport of
radicactive materials none has given rise to significant
conseguences. Within Australia there have only been a few
minor accidents of this type.

(12) (13)
Accidents Involving Sealed Radicactive Sources

Some accidents have occurred throughout the world
rnvelving sealed radicactive sources (e.g. industrial radio-
jraphy sources) which have been lost, mislaid or stclen.
Removed from their shielding containers such sources can
croduce significant levels of external radiation and in a
namber of cases such accidents have caused some persons to
be grecssly irradiated and in a few cases deaths have resulted.

Within Australia a number of such accidents have
zccurred but none is known to have caused the deaths of
persons accidentally irradiated.

Accidents Involving Nuclear Powered Warships

A large number of nuclear powered warships are in
operation within the navies of countries such as the USA,
the UK, the USSR and France. Nuclear powered warships are
designed to have a high degree of reliability and safety,
and have highly trained crews available to operate their
nuclear reactcrs. There is no record of accidents to such
vessels giving rise to release of radicactive materials to
the environment such that harm may result to members of the
public.

Nuclear powered warships of the US Navy have
visited Australian poxts on a number of occasions. A
monitoring program is carried out during each visit and
no infringement of public health radiation standards has
ever been detected ?14) (15) (16).
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Accidents involving Aircraft carrying Nuclear Weapons

Nuclear weapons are designed so that it is necessary
to actuate a specific sequence of positive arming act%onf
before they are ready to produce a nuclear detonation 18), 1In
an accident (e.g. fire, aircraft crash etc) involving a nuclear
weapon there will still be hazards associated with the con-
ventional high explosives and fissile materials (e.g. plutonium,
uranium etc.) contained within the weapon. The fissile mater:al
may be dispersed as small particles if the high explosive
detonates or if the weapon is involved in a fire.

Australia does not possess nuclear weapons so no
accidents of this type involving Australian aircraft can be
envisaged.

A number of accidents involving US Air Force aircraft
carrying nuclear weapons have occurred, Two of these accidents
have been reported in open literature(17) (18) and are summari-
sed below.

In January 196€ at Palomares, Spain, a c¢ollision
and fire involved a B52 bomber and KC135 refuelling aircraft,
Four thermonuclear bombs carried by the B32 were thrown loose:
two fell with their parachutes open. One fell in the sea and
one fell in the Almanzora River; bzth of these weapons were
recovered intact. The other two weapons were not recovered
intact as their parachutes did not open and the impact deto-
nated the conventional high explosive they contained. The
resulting fragmentation and oxidation cf the uranium and
plutonium in the weapons created a radiocactive cloud which
dispersed and was blown towards the sea by the strong pre-
vailing wind. An extensive area was contaminated as the cloud
settled on the ground, buildings ani vegetation. The ‘'hot-
test' parts of the area were the two impact points, one a
semi-desert hill 1500 metres SW of a village 72 metres abcve
sea level en Algarrobones Hill and the other in market gardens
at the extreme eastern edge of the village about 200 metres
from the nearest houses. There was no external radiation
hazard. Numerous contamination measurements were made of
air, persons, crops, scil, water etc. The results showed no
appreciable contamination on 1950 persons who were checked:
urine samples showed that the quantity of plutonium inhaled
represented nc immediate risk. It was concluded that an area
of approximately 116 hectares was contaminated by alpha emit-
ters. Extensive decontamination operations were carried out
in the area and radioactive residues were shipped in steel
drums to the USA for disposal in the Savannah River Plant
depository area.

In January 1968 at Thule, Greenland an in-flight
fire occurred in a B52 bomber carrying four thermonuclear
bombs {20 megatons) on a 24 hour airberne alert missiocon,

The pilot notified the ground station of the fire situation,
and requested permission for an immediate descent and emer-
gency landing at Thule Air Base. Two minztes later the
descent began and soon after all aircraft electrical power
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was lost and the bailout order was given and executed. The
aircraft continued its descent, struck the ice intact in a
steep left bank and disintegrated from impact, explosicn and
fire. The co-pilot was killed, the cause of his death being
a head injury probably sustained when he left the aircraft.
The other six crew members survived the ejection.

The ice at the point of impact was about 1 metre
thick; the impact of the aircraft and detonation of the
high explosive components of the nuclear weapon completely >
fractured and displaced the ice over an area of about 2100m™.
Debris and fuel were spread over an area of approximately
700 x 150m and a fierce fire developed, lasting for more than
15 minutes, Because of these factors it was necessary to
consider spread of plutonium to the atmosphere, to water and
to ice and snow., Tritium contamination in the form of tritium
oxide, was found on the surface largely confined to the black-
ened crusat; the amount of tritium present was estimated at
50 TBq (1350 Ci) £ 50%.

Radioclogical surveys showed that the majority of the
plutonium was confined to a limited area with contamination
fixed to the debris. Monitoring teams, line abreast, picked
up all smaller pieces of debris which were placed in contain-
ers. Large pieces were stacked, sprayed with water (which
froze in the sub-zero temperatures) and secured against
dispersion by storms.

About lZ,OOOm3 of contaminated snow was removed and
initially placed in 25,000 gallon tanks. A total of €7 such
tanks were filled with contaminated snow and aircraft debris,
and an additicnal four tanks with general contaminated debris
{tyres, timber stc). Contaminated material was ultimately
transported to the USA for disposal.

Many measurements were made on numercus samples
during the course of this operation (known as Project Crested
Ice) including ice cores, water, bottom samples Erom Bylot
Sound, sewage, plankton and urine from personnel.

Conclusion

To date there have been no major radiological
accidents in Australia, If adequate controls are maintained
in a2ll projects in Australia using significant amounts of
ionising radiation and radicactive materials it is reason-
able to assume that there 1s a low probability of such
accidents occurring in the future.
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RADIOLOGICAL DEFENCE: mﬁ:&
REQUIREMENTS FOR RADIATION MEASUREMENT AND ASSE T —

SOME OVERSEAS ARRANGEMENTS

Address by Mr J W Alliscn

of the Materials Research Laboratories

Introduction

In this paper I will discuss the subject of
radiological defence, that is, the provision of protective
measures that would mitigate the effects of nuclear
radiation in the event of a nuclear weapon attack. Although
they are, of course, fundamental to the issues invclved,
evaluation of the probability of a nuclear attack, and
assessment of the priosrity which should be assigned to
defensive measures, are ocutside the scope of this paper.

As a starting point, I will suppose that some measure of
preparedness would be prudent, and g¢ on from there to
discuss matters relating to the establishment of a viable
radiation measurement and assessment capability. Some
material in the paper is derived from visits to civil defenca
centres in the USA, Canada and UK about 12 months ago.

Although the paper will concentrate on nuclear
radiation problems, it should be stressed that it is
important to take an overall, integrated approach, including
blast, thermal radiaticn and electromagnetic pulse (EMP).
Overseas, in the USA, Canada and UK, great importance 1is
attached to the development and use of sophisticated damage-
assessment models., A typical model, programmed for a
computer, takes into acccount, for a specified threat situ-
ation, the weapon expected to be employed and i1ts character-
istics, and the detailed distribution of buildings and
population. It calculates the damage and casualties due to
all weapon effects, thereby providing much of the guantita-
tive information essential for the planning of appropriate
defensive measures, and post-attack relief and recovery.

In dealing with the nuclear radiations of a
weapon 1t 1s important to distinguish between the inatial
radiations and the residual radiations. These are quite
different in physical characteristics, and have character-
istically different implications for civil defence., The
initial radiations are the gamma and neutron radiations
emitted within the first minute after the explosion, Like
blast and thermal radiation, they may cause immediate or
early casualties, The residual radiations consist mainly
of gamma and beta radiations from radiocactive fallout
deposited on the ground some time after the explosion.
They also include neutron-induced gamma-activity {(NIGA)
in environmental materials: however, NIGA is relatively
unimportant, since it is localised near ground zero (GZ)
within the zone of severe blast destruction,.
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The residual radiations give rise to a lopng term radioclogical
hazard, which only gradually diminishes as the radicactive
products decay.

In a related paper, to be given later in this Seminar,
I will discuss RADIAC eguipment, The acronym RADIAC refers to
the rather specialised RADiation Indicating And Computing equip-
ment which is required to detect and measure weapons radiation,
and calculate its effects, either for civil defence or military
purposes. This paper, and the other one, are intended to be
complementary, and some cross-referencing is reguired. The
second paper includes a discussion of radiation guantities, and
their pre-SI and SI units of measurement., In this paper radia-
tion values will be given in terms of the new SI units, with
the corresponding pre-SI values and units following in paren-
thesis,

Radjation Inijury and Exposure Control

Emergency civil defence planning is concerned with
the nuclear radiations (both 1initial and residual tyges) be-
cause of their capacity to cause injury. To some extent these
radiations may be compared to a poison: either a large single
dose, or the accumulation of many small doses, can cause severe
sickness or death, depending upon the size of the dose, and the
state of health of the individual concerned. Where there is a
succession of doses some recovery may take place between them,
s0 that the effective total dose is less than the sum of the
individual doses,.

Some perspective as to the magnitude of the doses
required to cause acute radiation effects 1s giver. by the
following:

a. Radiation Sickness. This includes symptoms such
as loss of appetite, nausea, fatigue, vomiting,
and diarrhoea. As an example, the dcse, VDgj,
required to cause vomiting within 12 hours agter
exposure, in 50% of normal, healthy persons ex-
posed to radiation, is about 2.7 Sv {270 rem).

b. Barly (Within 60 days) Lethality. The median
lethal dose, LDg /60 required to cause death
within 60 days a?ter a single exposure, in 50%
of normal, healthy persons exposed to radiation,
is about 4.3 Sv (430 rem). Practically no deaths
are expected for doses less than about 2 Sv (200
rem), and practically 100% deaths for doses
greater than about 6 Sv (600 rem).

To assist in planning emergency operations all count-
ries have prepared guides relating various levels of radiation
effect to corresponding radiation doses. As an example, the
"Penalty Table" prepared by the U.S. National Council on Radija-
tion Protection and Measurements (]} 1s reproduced in Table 1.
This table takes into account the period during which the
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radiation dose 1s accumulated, and makes an allowance for
reccvery processes. It was called a "Penalty Table"™ to empha-
size that any assignment of personnel in emergency operations
to one of the dose levels specified, would carry with it a
correspaonding risk of serious injury.

Initial Radiations

The weapon exploded atr Hiroshima had an explosive
yield of about 12,5 kt, and was exploded about 500 m above the
ground on a clear day. Many Japanese were in the streets and
unprotected. Most of the casualties were due to blast and
thermal radiat:ion. The 1nitial radiaticons are estimated to
have caused from 5% to 15% of the total number of early deaths.

However, if the weapon had been exploded closer to
the grcound, the initial radiations would have assumed greater
importance. To see this, consider a blast overpressure of,
say, 8 psi, and the initial radiation dose at the correspon-
ding location, for different heights <f burst. 1In the actual
event this reference blast overpressure occurred at a distance
of about 1280 m from GZ and cver 50% of people inside houses
died as a result of blast injuries. At this same distance the
radiation dose inside the houses, allowing for shielding, was
about 2 Sv (200 rem), which is less than that required to
cause death (ref. Fig. 1 (a)). If the height of burst ({HOB)
had been 150 m, the reference blast overpressure of 8 psi
would have occurred at about 880 m, and the radiation dose
inside the houses at this distance would have been about 30 Sv
{3000 rem) (ref. Fig. 1 (b}}. 1I1f a near surface burst had
been used, the corresponding distance and dose would have been
about 760 m and 47 Sv (4700 rem) (ref. Fig. 1 {c)). It is
evident from these calculatione, which are based on nuclear
effects data given by Glasstone and Dolan (2) and Kerr (3},
that the proportion of initial radiation casualties would have
been substantially increased, compared to the total number of
casualties, had the explosion taken place at a low altitude.
There is, of course, nothing to ensure that a low altitude
burst will not occur in an attack, either deliberately, or as
a result of some malfunction.

Over the years civil defence planning has not been
concerned with the initial radiations, and hacs concentrated
exclusively on the residual radiations. The reason for this
18 that attention has been focussed on a threat situation
which involves employment of a relatively high-yield weapon,
typically 1 Mt. With such a very high yield the initial
radiations are contained within the large zone of severe blast
effects, for all heights of burst, and are of no interest to
civil defence.

However, with the introduction of multiple warhead
weapons, which have component devices of relatively low yield,
the situation is changed, and the initial radiations are
being included in damage-assessment models developed overseas.
As an example of what is pcssible today., the Russian §5-20
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missile has three independently-targetable warheads, each with
an explosive yield of about 150 kt. As another example, the
missiles carried by the U.S. Trident submarines have eight in-
dependently-targetable warheads, each with an explosive yield
of about 60 kt.

At the present time the initial radiations appesar to
have three main implications for radiological defence planning
and emergency operations as follows:

a. They must be taken into account in emergency
planning, along with blast, thermal radiat:ion,
and residual radiation, in assessments of the
number of casualties.

b. They must be taken intc account in shelter
design. Existing shelter designs, based on
protection against the residual radiations, may
not be sffective against the more penetrating
initial radiations.

c. Provigion should be made for determination of
initial radiation doses, as well as resid:zal
radiation doses, 1f there is to be a proper
basis for manajament cof casualties and the
exercise of radiaticn exposure control.

Residual Radiations

Because the weapon at Hiroshima was explodsd high
abbve the grcund there was relatively little fallout, and no
early deaths resulted from the residual radiations, For
si1gnificant fallout to be produced the fireball must interact
with the ground so that large amounts of debris are drawn up
into the cloud, and relatively heavy particles are formed.
These particles become contaminated with radioactive mater:al,
and fall to earth relatively quickly. They contaminate a large
area of ground extending out from GZ in the directiosn of the
prevailing wind, and give rise to a serious radiation hazard.

Typical idealised fallout dose-rate contour patterns
are shown in Figs. 2(a), (b) and (c), for contact bursts =f
weapons with explosive yields of 500, 100 and 20 kt, respec-
tively. In each case a uniform wind speed of 24 kmph (15 mph)
has been assuimed,

All dose-rate contours in Fig. 2 have been normal-
1sed to values, Dp Sv/h, at H+7 hours, that is, seven hours
after the explosion. It should be understood that these dsse-
rates are notional cnes, since fallout will not have arrived
at all the pcints shown by this time. For example, for the
522 kt weapon (ref. Fig. 2(a)) fallout does not arrive at
pcint A, until about H+17 hours. Similarly, for the other two
weapcns {(ref. Figs. 2(b) and (c)), fallout does not arrive at
the corresponding points Ay and Az until about H+8 and H-_
houirs, respectively. At these p-ints Ay, Ap;, and Aj
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deposition of fallout is completed within a further period of
about 30, 15 and 8 minutes, respectively.

Providing sufficient time has elapsed for the fall-
ocut to be deposited, dose-rates, D(t} Sv/h, at any time H+t
hours after the explosion, may be determined from the contours
in Fig. 2 using the equation:

D(t) = 6T(t/7)‘1-2

(1)

For example, for the 500 kt weapon (ref, Fig, 2(a)), the dose-
rate at point B at H+24 hours is 0.3 (24/7)-1.2 = 70 mSv/h
(7 rem/h).

Because the dose-rates are not constant, but decay
with time, doses received by individuals cannot be determined
by simply multiplying the given dose-rate by the time dura-
tion of exposure. Using the standargd t-1.2 radicactive decay
law for fission prcducts, the dose, D Sv, received at any
point, in any period, t hours, commencing from the time of
explosion, is given by the eguation:

. ~0.2 -0.2
D(t) = 52 D7(tArrival -t ) (2)
where t h is the time of arrival of the fallout.

arrival
For example, consider the 500 kt weapen (ref. Fig. 2(a)) and
point B,. Allowing for the 24 kmph wind, and a stabilised
cloud radius of 6.4 km, deposition of fallout at this point
occurs between about H+4.6 and H+5.2 hours, so that farrjval
is about 5 hours. The dose received at point Bj in the
24 hour period is therefore about

52 . 0.3(57%°2 - 2479-?%) = 3.0 sv (300 rem).
which is sufficient to cause radiation sickness (ref, para.
2.2(a)). 1In a 2 day pericd the dose would accumulate to
about 4.1 Sv (410 rem}), which is about the median lethal dose
(ref. para. 2.2(b)). Referring to the other weapons (ref.
Figs, 2(b) and {(c)}, the corresponding 24 hour doses at
points B; and B3 are about 5,0 Sv (50C rem) and 7.0 Sv
(700 rem), and the 2-day doses about 6.0 Sv (600 rem} and
8.1 Sv (810 rem), respectively.

Because the initial radiations are over within a
period of only one minute after the explosion there is insuf-
ficient time for people to find a suitable protected position
unless there is pre-warning that a nuclear attack is immi-
nent. It is, however, possible to mitigate the effects of
fallout by exercise of appropriate radiation control after
the explosion. Thus, providing the fallout pattern can be
established quickly and reliakly, the number of casualties
can be significantly reduced by optimising movements within
the contaminated area, relocating people, and/or using
suitable shelters,

Figs. 3(a), (b), and {c) show actual fallout pat-
terns measured in weapcn tests, Due to the vagaries of the
wind the last two deviate markedly from the idealised
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eliptical contours discussed above. All dose-rates in these
figures are normalised to a time H+1l hours after the explosion.
It will be noticed that the dose-rates in these examples are
relatively low. This is because the weapons were explcded at
a considerable height above the ground.

Three different methods that are available to deter-
mining the fallout pattern following a nuclear explosion are
as follows:

a. Full Prediction Method. This method relies on
elaborate theoretical modelling and uses a com-
puter code. It is aimed at determining detailed
fallout dose-rate contours, allowing for weapon
parameters, wind speeds and direction at various
altitudes, and particle size -distributicn,
Because of the intrinsic difficulties in model-
ling fallout depcsitisn from the cloud, and the
uncertainties that would exist in the input
data in any real event, the method is unsuit-
able for use in radioclogical defence.

b. Hazard-Z2one Method. This is a much simplified
methud derived from the one above, and is aimed
merely at determining two sector-shaped hazard-
zaones radiating ocut from GZ, As input data it
requires weapon parameters and meteorological
information. Different versions of the method
have been developed cverseas in the US and UK
for cavil defence and military use. However,
because of the many simplifications and appro-
ximations made, and the large uncertainties
that would exist in the input data, the methed
is generally regarded as unreliable. To empha-
size this particular point I have taken weapon
and mateorclogical data for two typical weapon
tests which resulted 1n radicactive fallout,
and hawve calculated the hazard-zones predicted
by the procedure given in North Atlantic Treaty
Organization STANAG 2103 (4). The same proce-
dure is used by the Armies of US, Canada, UK
and Australia for military purposes. The re-
sults are shown in Figs. 4 and 5. For compari-
son purposes the measured fallout dose-rate
contours are also shown. In one example the
width of the fallout 1s overestimated by the
prediction method, and the length under-
estimated (ref, Fig. 4). In the other example
the fallout is over-estimated (ref. Fig. 5}.

In calculating these hazard-zones wind speeds
and directions meas:red at about the time of
tha explosions were used, and the directicns
of the predicted zones are nicely aligned with
the actual fallout pattern. It is unlikely
that this directicnal accuracy would be ob-
tained in a nuclear attack situation, since
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up-to-date and accurate meteorological data may
not be available. Another defect of the pre-
diction method is that it cannot show the local
variations in fallout intensity and hot spots
which will occur 1in any real situation (ref.
Fig. 3). For these reascns it is generally
accepted overseas that hazard-zone prediction
methods are of very limited use, and only serve
to provide a preliminary, very tentative plan-
ning guide in emergency operations pending
radiation measurements with RADIAC instruments,
No emergency operations should be undertaken
solely on the basis of predicted radiation
levels,

RADIAC Measurement Method. This reguires the
availability of suitable RADIAC equipment
capable of measuring the radiation dose-rate.
Either hand-held, vehicular-mounted, or air-
borne RADIAC instruments may be used {see
companion paper). Since it is based on hard
measured data this is the most reliable method,
and considerable pricrity must be attached to
it.

Radiological Defence in the United Kingdom

The UK Warning and Monitoring Organization {UKWMO),
which operates under the control of the Home Office, has the
following functions:

a.

Originate warnings to the public of impending
air attack.

Provide confirmation of a nuclear strike.

Originate warnings tc the public of the
approach of radicactive fallout.

Provide government and armed service war HQOs
in the UK, offshore islands, and neighbouring
countries with details of nuclear bursts and
with a scientific appreciation of the path
and intensity of fallout,

Provide an emergency meteorological service
post-attack.

?he UKWMO costs about £4 to 6 million/annum to maintain, and
is staffed mainly by part-time volunteers from the Royal

Observer Corps.

Operated by a skeleton staff in peace-time

it can be brought into full operation within a few hours.

Also under the contrcl of the Home Office is a
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Scientific Advisory Branch {SAB) concerned with scientific as-
pects of c¢ivil defence. It is supported by a volunteer-based
organisation of about 70 Regional Scientific Advisers (RSAs)
assigned to 10 civil defence regions covering the UK (ref. Fig
6). These RSAs are senior personnel with professional guali-
fications., In each region one of the RSAs is nominated as the
Chief Regional Scientific Advisor (CRSA). There is a Home
Defence Scientific Advisory Committee which includes the ten
CRSAs as members, Each regional HQ has, in addition to the
CRSA and RSAs, a senior scientist appointed from the govern-—
ment scientific service, this person being designated as a
Principal Scientific Advisor (PSA). The Home Defence Staff
College at Easingwold, Yorkshire, operates training progrars
and exercises for government officials and emergency service
personnel,

Air attacks on the UK would be detected by variois
systems including the Ballistic Missile Early Warning System
{BMEWS) which has a pcint at Fylingdale near the Yorkshire
coast, RAF Sector Operations Centres, NATO centres, and the
North American Aerospace Defence Command (NORAD). Reports
would be transmitted tc the UK Regicnal Air Operations Centre
(UKRACC) for evaluation, The Home Office Principal Warning
Officer stationed there can immediately issue an Attack
Warning message to the BBC and to 250 Carrier Control pcints
located at major peolice stations throughout the country in-
cluding Scotland and Northern Ireland. These Carrier Control
points would immediately issue warning messages to other
police stations, civil and service HQs, service establish-
ments, monitoring posts, fire stations, hospitals, and selec-
ted industrial centres. Some 19000 hand-operated sirens
and/or maroons at these locations would be activated. The
Carrier Control points would also activate some 8000 remotely
operated power sirens located in densely populated areas.

It 15 estimated that the entire population could be alerted
by BBC warnings, and over 90% warned by the sirens and
marcons. A warning time of 15 minutes is estimated.

The UK is divided into five approximately equal
areas, or sectors, each with a Sector Control Post (ref., Fig.
7). The Metropolitan Sectoer includes the Greater London area
and has a population of about 21 million, or about 2/5 of the
total populaticn. Each Sector is divided into five areas,
each with a Group Control Post, the Sector Control Posts
being co-located with one of their Group Control Posts. These
Control Posts receive reports from a network of 873 Moniter-
ing Posts distributed at about 10 mile intervals throughout
the UK. All Control Posts are specially designed buildings
to withstand blast and give protection against radioactive
fallout. They are independent of mains services, being
equipped with stand-by power. They have sanitation and
ventilation facilities, and are provided with food and water
sapplies sc that staff can survive fcor prolonged periods,
They have several rooms for processing of data, staff accor-
modation, etc. Under full operational conditions Group and
Sector Control Posts would be staffed by about 50 and 80
trained personnel, respectively. Monitcoring Posts are much
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smaller, a typical cone consisting of a concrete chamber about
7 x 16 feet x 7 feet high buried about 20 feet below ground
level, with access through a vertical concrete shaft (ref.
Fig. 8).

Each Monitoring Post has a communication link to
its Group Control Post., In turn each Group Control Post has
a communication link with its Sector Control Post. In addi-
tion there are communication links between adjacent Group
Control Posts and between the five Sector Control Posts.

In general, landlines are backed up by radio.

The various monitoring and control Posts are
equipped with suitable RADIAC instruments which énable the
position and height of burst of a weapon toc be determined,
and also its explosive yield (see companion paper). Follow-
ing a nuclear attack the raw data from these instruments
would be processed at the Group Control Posts. This infor-
mation would be transmitted to neighbouring Group Control
Pzsts, the Sector Control Pests, and civil and military HQs.
The Group Control Posts would use the weapon data, together
with metecrolegical data, to carry cut a fallout prediction
0of the hazard-zone type. This i1s aimed at delineating the
boundary within which the fallout would be contained during
the first few hours after burst. Particular attention is
paid to obtaining reliable meteorological data. The Sector
Control Posts receive information from the Metecrological
Office’'s £3 million computer installation at Bracknell,
Berkshire, from eight Upper Air (Radic Sonde) Stations, and
from 87 selected Monitoring Posts which take hourly surface
weather observations using aneroid barometers {atmospheric
pressure), handheld anemometers (wind speed and direction),
and wharling frame psychrometers (temperature). Specially
trainad meteocrologists at the Sector Control Posts analyse
this information and issue reports and forecasts at least
every 6 hours.

The various Monitoring and Control Posts are also
equipped with suitable RADIAC survey meters which enable
the dose-rates outside the Posts to be determined., As soon
as fallout arrived at each Post the time-of-arrival would
be recorded, and readings of dose-rate taken at regular
five minute intervals. The direction and speed of travel
of the fallout front is determined from the times-of-arrival
at consecutive Posts. The survey meter readings indicate
the width and intensity of the fallout field. Readings are
plotted on large map overlays in the Group Control Posts.
Results are transmitted to the Sector Control Posts. The
UK is divided into 750 warning districts., Group Control
Posts would warn a district 2 hours in advance if fallout
was approaching it,

The Sector Control Posts coordinate the various
activities and ensure the system is operating as required.
They exchange information between themselves, and also
communicate with corresponding centres in NATO countries,
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For example, the Metropolitan Sector Post that I visited is
set up to exchange information on nuclear bursts and fallout
with France and Belgium,

Radiological Defence in the United States and Canada

These two countries are included together here since
they both employ the Radiclogical Defence (RADEF)} system of
radiation monitoring and reporting. In the US the responsi-
bility for estabiishing and maintaining a naticnal emergency
management capability rests witl the Federal Emergency Manage-
ment Agency {FEMA). 1In Canada it rests with Emergency Plan-
ning Canada (EPC). Both FEMA and EPFC are concerned with
natural disasters as well as nuclear attacks involving the
civilian population. By compariscn, SAB in the UK is only
concerned with the latter.

Should the North American Aerospace Defence Command
{NORAD) at Cheyenne Mountain, Colorado, detect an attack on
North America it would alert authcrities in both the US and
Canada. Both countries have adcpted the same warning signal,
and provision is made for warning emergency centres and the
population as required. For exarple, in Canada, there are
some 1700 sirens across the country., Emergency attack warn-
ing messages and survival instructions for the public have
been pre-recorded in both official languages. Circuits are
tested regularly. The warning system is not maintained in
full operational capability, but can be rapidly developed if
required. It is estimated that at least 95% of the Canadian
population would be alerted if an attack occurred.

In Canada the RADEF system is the responsibility
of the Department of National Defence. It involvea a net-
work of Monitoring Stations at selected locations covering
all populated areas. These Monitoring $tations report to
Municipal Emergency Government HQs (MEGHQs). Higher control
is exercised at Region and Zone Emergency Government HQs
(REGHQOs and ZEGHQs). The density and siting of the Monitor-
ing Stations is based on population and land area: for
example, a typical municipality with a population of about
20,000 would have 9 Monitoring Stations. Personnel manning
the Monitoring Stations are called Monitors, generally two
per Station. Each HQ has a radioslogical staff, the princi-
pal member being called a Radiological Adviser or Radio-
logical Defence Officer. The Mcnitoring Stations are orga-
nised, equipped and sited by the municipalities. The
Monitors are trained by the municipalities. Training of the
Radiological Defence Officers is ccnducted at the Federal
Study Centre, Arnpriocr, Ontario.

In the US the RADEF system is the responsibility
of FEMA. A network of Monitoring Staticns is distributed
acrsss the cointry, Local and State Emargency Operating
Centres (EOCs) are set up as central facilities from which
key perscnnel can cocrdinate znd control the operation of
emergency forces, The EDCs are sibdivided into lower echelon
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Zone Control Centres. The system employs Monitors and Radio-
logical Defence Qfficers as in the Canadian system. As 1in
Canada the Monitoring Stations are organised, equipped and
sited by local authorities. Monitors are also trained by
these authorities., Training of the Radiological Defence
Officers is conducted at establishments operated by FEMA.

An important difference between the RADEF system
and the UKWMO system is that the former makes no provision
for fallout prediction, but relies on measured radiation
dose-rates. Thus, in both the US and Canada, the Monitoring
Stations are not equipped with RADIAC instruments suitable
for determining weapon parameters such as the location of
the explosion, or its explosive yield. RADIAC instruments
are limited to those necessary for radiation measurement
{ see companion paper).

Radiation doss-rate headings obtained by the
Monitors are transmitted to Control Posts for analysis, and
plotting on map overlays. Information is transmitted to
higher echelons of control as reguired. Protective measures
may range from complete release of the public from shelters
when radiation is sufficiently low, to remedial evacuation
of the public when it is anacceptably high. In addition to
recording radiation dose-rate at the Monitoring Stations,
Monitors in Canada are required to leave their Stations,
after the radiation intensity has decayed to a relatively
safe level, and record radiation dose-rates along pre-
determined routes,

sSummary

A major argument advanced in this paper is that
many issues in radiolegical defence can only be resolved
by undertaking realistic damage-assessment studies, taking
into accouant all weapon effects, and the distribution of
buildings and population in the threatened areas. Sophis-
ticated damage-assessment models for this purpose have been
developed overseas.

Nuclear radiation cannot be detected by the human
senses of sight, hearing, touch or taste, I1f it is accepted
that a nuclear threat exists, then, for protective purposes,
a viable radiation measurement and assessment capability
must be considered essential. In the absence of such a
capability it would not be possible to exercise effective
radiation exposure control, and many needless casualties
would inevitably result.

Taking into account the various issues discussed
in this paper, a number of brcad reguirements for a viable
radiation measuring and assessment capability may be
formulated. These are as follows:
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Stations and a Hierarchy of Operational and
Control Stations. These Stations should be
strategically sited in relation to regions
where there is a threat of nuclear attack.

b. Provision of Sujitable RADIAC Equipment. This
equipment needs to be maintained in operational
order, and to be readily available in an emer-
gency. Appropriate equipment should be
assigned to monitoring stations and emergency
services. Some equipment may be stockpiled.

c. Availability of Suitably Trained Personnel.
Appropriate training courses are required,
Since it may be difficult to maintain opera-
tional capability over long periods of non-use,
a system of refresher courses may be useful.

d. Clear Definition of the Responsibilities of
Participating Authorities. This is, of
course, essential to good management and
emergency operations,

e. Allocation of Appropriate Funds and Resources.
This is dependent upon policy decisions.

Some relevant guestions are as follows:

a. How many Monitoring Stations, ete., and
where should they be sited?

b. What types of RADIAC egquipment are required,
and how many? How should this eguipment be
distributed? Wwho would be responsible for
its maintenance?

C. How many trained perssnnel are required?
What level of training is regquired?

4a. Who is responsible for what?
e, What are the resource constraints?

) Finally, attention is drawn to two optlions which
exist in finally deciding upon a radiological defence system,
These options are as follows:

a. Fully Operational System.
b, Standby System.

The Standby System has the advantage of relatively low initial
and maintenance costs in the pre-emergency period., It must be
capable of rapid development in a crisis, s> as to maximise
saving of lives. This means that there must be detailed plan-
ning at all levels. The Standby System may be cost-effective
in the Australian situati=n.
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TABLE 1 - THE "“PENALTY TABLE" OF NCRP 42 (ref. 1)
Accum.lated Radiation Exposure (R)
Medical care wall in any period of
be needed by
1 week 1 menth 4 months
None 150 290 300
Some (5% may die) 250 350 £00

Most (50% may die) 450 600 -
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