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RADIATION MONITORING HANDBOOK
for

VISITS BY NUCLEAR POWERED WARSHIPS
TO AUSTRALIAN PORTS

1.0 INTRODUCTION

As part of the port safety arrangements for visits of nuclear powered warships (NPW)
to Australian ports there are requirements for maintaining:

• a routine environmental radiation monitoring program during each visit, and
• a capability for emergency radiation monitoring at the port in the unlikely event of a

nuclear reactor accident.

General requirements for NPW radiation monitoring are given in the Department of
Defence Operations Manual (OPSMAN 1), "Visits to Australia by Nuclear-Powered
Warships."

Details of routine environmental radiation monitoring are given in the Department of
Defence Document, "Environmental Radiation Monitoring During Visits by NPWs to
Australian Ports. Requirements, Arrangements and Procedures."

The purpose of this handbook is to detail the Radiation Monitoring (RMG) roles and
procedures, and to provide technical and background information useful to RMG
personnel. It has been written on the assumption that all members of the RMG have
had appropriate radiation safety (health physics) training.

Separate standing procedures, for both routine and emergency activities, are required
for each port. These are incorporated in Port Safety Plans and specify the routine
monitoring requirements for individual berths or anchorages and the procedures to be
followed after indication of a reactor accident to a nuclear powered warship. A Visit
Operation Order, issued for each NPW visit, presents information specific to that visit.

Routine monitoring is performed to confirm normal conditions.

The objectives of emergency radiation monitoring are:

• to provide early detection of a reactor accident of sufficient severity to possibly
cause a major release of fission products to the environment;

• to determine the nature and extent of any fission product release;
• to provide information to assist in evaluating the accident;
• to assess the need and extent of required countermeasures;
• to determine when the release has terminated and when affected areas have

returned to normal.
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1.1 Emergency Radiation Monitoring

Port Safety Arrangements include a capability for detecting a reactor accident, and for
initiating and implementing immediate post-accident monitoring and longer term
monitoring, as necessary.

1.1.1 Reactor Accident Detection

A radiation monitoring system operates during each NPW visit to provide early
detection of a reactor accident that might result in a major release of fission products
to the environment. This early warning system is complemented by arrangements for
notification by the NPW should an accident occur. These arrangements require the
Commanding Officer of the NPW, or his delegated representative, to advise a
nominated official of the Port Safety Organisation immediately a release of
radioactivity or a reactor accident occurs. The NPW is kept under surveillance for
direct emission of gamma radiation that could provide indication of such an accident.
The detection of high gamma radiation levels enables the prompt initiation of
protective countermeasures.

1.1.2 Immediate Post-accident Monitoring

Radiation monitoring surveys are initiated immediately on detection of a high gamma
radiation level or on notification by the vessel that a reactor accident has occurred.
The objectives of the surveys are to:

• determine if any material has been released;
• identify any hazards to health;
• provide information to assist in evaluating the accident;
• assess the need and extent of required countermeasures.

1.1.3 Longer Term Monitoring

More extensive monitoring of affected areas is conducted following the immediate
post-accident monitoring. This could continue for several days. Additional personnel
and equipment, including laboratory facilities, are likely to be required and are
planned for. This handbook does not address this type of monitoring.

1.1.4 Radiation Protection Standards

The emergency reference levels, referred to as Intervention Levels, to be used as the
basis for the determination of appropriate countermeasures against radiation exposure
following a reactor accident are those recommended by the National Health and
Medical Research Council (NHMRC) 'Intervention in Emergency Situations
Involving Radiation Exposure (1990)'.
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1.2 Consideration of Accidents

The reactor core is so designed that it is physically impossible for it to explode like a
bomb. However, the possibility of an accident which could result in the release of
radioactive fission products cannot be entirely discounted. The only mechanism
whereby a significant fraction of the fission products could be released from the fuel is
an accident involving fuel melting.

1.2.1 Accident Scenarios

In the event of a reactor accident resulting in fuel melting, radioactive fission products
would be released from the fuel into the reactor compartment, which is designed and
constructed to achieve a high standard of containment. However, as some of the
fission products will be volatile and/or gaseous, it is possible that a slow leakage could
occur to atmosphere where they would be dispersed according to the prevailing
weather conditions.

A full core meltdown accident of this type, assuming a pessimistic containment leak
rate and poor atmospheric dispersion conditions, has been used as a Reference
Accident to provide a basis for the assessment of the suitability of Australian ports for
use by NPWs and also in the development of port safety plans. The probability that
such an accident would occur during a four or five day visit to a port has been
estimated to be less than one in a million per reactor.

Accidents with more serious consequences than the Reference Accident are
conceivable and could occur as a result of a catastrophic failure of the reactor pressure
vessel causing a coincidental breach in both the primary and secondary containment
or, a high speed collision resulting in both the containment and the primary cooling
circuit being breached.

The first event is considered to have a probability of the order of one in ten million per
reactor pressure vessel per year. A high speed collision of sufficient energy to rupture
both containments and the reactor primary coolant system is prevented by navigational
controls within Australian harbours and their approaches. With regard to low speed
collisions, warships are built to be structurally robust as protection against battle
damage and the energy at impact from a low speed collision would not be expected to
cause the consequences described above.

The inventory of fission products associated with a reactor accident may be
characterised in terms of broad groups of fission products based on physicochemical
properties. Table 1 lists three such group classifications. The noble gases and halogens
comprise almost all the airborne radioactivity released in a reference accident. The
gamma radiations produced by noble gases, particularly radiokryptons and daughters,
have energies ranging from about 0.1 to 3 MeV.
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Table 1
Fission Product Classification

Group

Noble Gases

Halogens

Solids

Constituents

Kr,Xe

Iodines

All remaining
fission products

Characteristics

Short half-lives. Essentially chemically inert
(group VIII). Primarily external exposure
hazard.
High chemical reactivity (group VII).
Primary hazard is with biological
localisation in the thyroid gland.
Moderate chemical reactivity. Primarily an
internal hazard.

1.2.2 Radiation Hazards following an Accident

Following a reactor accident involving fuel melting, the fission products contained
within the reactor compartment would be a source of intense gamma radiation emitted
from the hull in all directions (around, above and below). This radiation referred to as
direct shine would be attenuated by shielding and distance. A severe radiation hazard
would exist in close proximity to the vessel, particularly alongside the reactor
compartment. Because of shielding effects, the dose rate directly fore and aft of the
vessel would be significantly less than amidships.

Only if fission products are released to the atmosphere, would there be a significant
hazard to people beyond the immediate vicinity of the NPW. Fission products, after
escaping from the vessel, would be dispersed according to the prevailing weather
pattern and radiation hazards would initially be expected in the downwind direction.

Following an airborne release of fission products, members of the public could be
exposed to:

• cloud shine - external radiation from airborne fission products.
• ground shine - external radiation from fission products deposited on the ground.
• airborne contamination - with the potential for internal radiation by inhalation

of airborne fission products. This represents the dominant health hazard,
principally from radioactive iodine which, if inhaled or ingested, is readily
retained by the body and concentrates in the thyroid gland. Irradiation of thyroid
tissue increases the risk of thyroid cancer.

• ground contamination, water contamination, and uptake in vegetation with
the potential for internal radiation by ingestion of foodstuffs produced in
contaminated areas, eg., milk from cows grazing on contaminated areas up tp
several kilometres downwind could be hazardous, due to the concentration of
iodine in cow's milk.
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In the event of a reactor accident emergency, radiation monitoring surveys would be
conducted in the immediate short term or early phase of the accident (start to several
hours) to assess the airborne hazard downwind of the vessel. Monitoring of foodstuffs,
vegetation, etc would be less immediate (several hours to several days) and would
require further assistance, specialised analytical laboratory equipment and staff
available from the Australian Nuclear Science and Technology Organisation
(ANSTO) and Australian Radiation Laboratory (ARL).

1.23 Protection against the Hazards

The most effective single countermeasure in the event of a reactor accident to a
visiting NPW would be to remove the vessel to a designated remote anchorage or to
sea. This is a very important part of the emergency response plan and is incorporated
in the Conditions of Entry. For NPWs with a single reactor propulsion unit, which
might be immobilised by a reactor accident, a tug will be on standby for the duration
of the visit.

Should there be a release of radioactive fission products to the atmosphere, measures
which are available to counteract or minimise deleterious effects on the health of
members of the public at risk include:

• sheltering indoors with doors and windows closed and air conditioning turned
off;

• evacuation of areas in the path of airborne radioactivity;
• prophylaxis by administration of stable (inactive) iodine to those in the path of

the radioactive plume; and
• restrictions on the use of contaminated foodstuffs, especially milk and

vegetables.

Contingency arrangements at Australian ports used by NPWs include provision for the
implementation of these countermeasures should they be necessary.

Details of the possible countermeasures and their use and the radiation dose levels
(primary intervention levels) at which they would be required to be considered and
implemented are given in the National Health and Medical Research Council
Guideline, 'Intervention in emergency situations involving radiation exposure (1990).
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1.2.4 Emergency Planning Zones

Emergency Planning Zones are designated around NPW berths and anchorages for
planning purposes to assist in the identification of areas where hazards might arise and
to ensure that appropriate protective actions can be taken promptly and effectively in
the event of an accident:

• Zone 1 - is an area close to the NPW (up to 600m), within which protective
measures including evacuation will be implemented automatically upon
notification of a reactor accident.

• Zone 2 - represents an area within which risks would be due to airborne
radioactivity and includes Zone 1. The Zone 2 boundary is the distance within
which it may be necessary to implement protective measures to prevent radiation
doses from inhalation exceeding the individual dose assessment criterion (see
Table 3 above).

• Zone 3 - represents an area within which risks would be due to ingestion hazards
from contamination of water, foodstuffs, milk and agricultural produce, and
includes Zones 1 and 2.

The automatic implementation of protective measures within Zone 1 is intended to
limit radiation exposure of individuals, provide adequate time for assessing the
severity of the accident and, if necessary, assemble teams and equipment for initiating
protective measures outside Zone 1.

In practice the areas in which further protective measures would be implemented
would vary according to the severity of the accident and prevailing meteorological
conditions and would be determined by measurements of radiation and contamination
levels.
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2.0 SAFETY ORGANISATION

The safety organisation, consisting of State Authorities with Commonwealth
Advisors/support, would be responsible for initiating the actions and providing the
services necessary to safeguard the public in the event of a reactor incident involving a
nuclear powered warship. A typical structure of the organisation during visits by
nuclear powered warships is shown in figure 1.

Figure 1
A Typical NPW Port Safety Organisation

STATE GOVERNMENT

NPW VISITS COMMITTEE •

COUNTER DISASTER CONTROLLER

PORT CONTROL

Officer in Charge
Zone 1

RADIATION MONITORING
STATE EMERGENCY
COMBAT AGENCIES
(eg Police, SES, Fire )

SES Duty Officer

Leader (Commonwealth)
Radiation Monitoring Group

Radiation Monitoring Group
consisting of at least three
Mobile Monitoring Units

2.1 Designations, Duties and Responsibilities for Radiation Monitoring

The capability for carrying out radiation monitoring is to be established in a port
before a NPW visit commences. To this end, a Radiation Monitoring Group (RMG) is
to be formed for each NPW visit and made responsible for both routine and immediate
post-accident radiation monitoring. For routine monitoring the RMG will be staffed by
two Commonwealth officers, each equipped to function as a Mobile Monitoring Unit
(MMU). In an emergency, additional MMUs are to be made operational and manned
by State radiation protection officers. The Commonwealth, through the Australian
Nuclear Science and Technology Organisation (ANSTO), will ensure that an
appropriately qualified officer is available for each NPW visit to be Leader of the
Radiation Monitoring Group (LRMG).
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The State Radiation Officer (SRO) is responsible for advising the Counter Disaster
Controller on the nature and extent of the radiation hazards and the need or otherwise
for countermeasures. The SRO does this in consultation with the LRMG. The LRMG
is responsible for confirming that a hazard exists and for controlling the MMUs in
conducting radiation surveys to obtain field data on which to base decisions on
appropriate countermeasures. The State Emergency Management Authorities are
responsible for providing a manned Emergency Operations Centre (EOC) and a
communications network sufficient to support the NPW Port Safety Organisation.

2.1.1 State Radiation Officer (SRO)

The State Radiation Officer (SRO) is to be an experienced senior professional health
physicist, nominated by the host State and made responsible for advice to authorities
on all public health aspects of radiation safety arising from NPW visits. In the event
of a reactor accident, the SRO is to be specifically responsible for advising the Port
Safety Organisation:

• on hazards to the health of members of the public,
• of the need to implement countermeasures, and
• when normal activities may be resumed in affected areas.

Before a visit, the NPW Visits Committee is to develop contingency plans, which
would give effect to the guidelines to protect the health of members of the public, and
which would be acted on immediately following declaration of a confirmed alarm
given by the LRMG or by the NPW Commanding Officer.

The SRO is responsible for the provision of advice on radiological hazards, protective
countermeasures and the interpretation of the implications of field radiation
monitoring data. He or she is to advise when normal activities may be resumed in
affected areas. The SRO should obtain the following information from the LRMG and
the NPW Commanding Officer:

• characteristics of the accident,
• amount and duration of the release,
• plume altitude and direction,
• expected development of the release, and
• composition of the released radioactivity.

When an exercise is required the SRO, in conjunction with the LRMG, has the
responsibility to develop an exercise scenario to test the Port Safety Organisation.

NPW Radiation Monitoring Handbook Version 1.0 Authorised 7 September 1995 VSP(N)



2.1.2 Leader Radiation Monitoring Group (LRMG)

The LRMG is an experienced, professional health physicist nominated by the Director,
Health and Safety Program of the Australian Nuclear Science and Technology
Organisation (ANSTO).

The LRMG is responsible for:

• pre-visit discussions with the SRO regarding the port contingency plan for
implementing the guidelines to protect the health of members of the public in an
emergency,

• pre-visit checks and calibration of all equipment prior to the NPW visit;
• installation and activation of the Fixed Early Warning System and Gamma

Spectrometer;
• pre-visit consultation with the Calculations and Plotting Officers to determine

optimum (or mutually acceptable) procedures;
• confirmation of the supply of communications facilities for the RMG. These will

include radio paging units, two-way radios etc;
• confirmation that daily checks of the radios and pager units are carried out;
• confirmation that transport arrangements for the RMG are adequate;
• daily checks of the Fixed Early Warning System and the carrying out of radiation

measurements near the NPW;
• control and direction of the RMG for routine and initial emergency radiation

monitoring and sampling operations;
• investigation and confirmation of alarms registered by the Fixed Early Warning

System;
• analysis of "Maypack" air samples by gamma spectrometry;
• analysis of field radiation measurements;
• provision of advice and assistance to the SRO regarding field measurements and

protective measures;
• keeping of up-to-date records of each visit in a log;
• his/her availability on 24 hour call throughout the period of the visit or until

called out in response to an alarm from the Fixed Early Warning System, or to a
confirmed alarm from the NPW Commanding Officer;

• assistance to the SRO in the development of exercise scenarios to test the Port
Safety Organisation;

• provision of a report on the results of monitoring measurements and exercises
held during the visit of the NPW to;
the Director, Health and Safety Program, ANSTO,
the Secretary, Visiting Ships Panel(Nuclear), and
the Secretary of the State NPW Visits Committee.
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2.1.3 The Radiation Monitoring Group (RMG)

The RMG undertakes both routine and emergency radiation monitoring during the
visit of a nuclear powered warship to an Australian port.

For routine monitoring the RMG will be staffed by at least two Commonwealth
officers (ANSTO, RAN or RANR) equipped to form two Mobile Monitoring Units.
These officers will be on call throughout the period of a NPW visit and will be
contactable by radio or mobile phone and radio paging units. Each of these officers
will carry an emergency radiation monitoring kit in his/her vehicle and provide the
initial response to any indication of an accident involving a reactor of a nuclear
powered warship. The emergency monitoring kits are provided by the Commonwealth
and maintained by ANSTO which will make the kits available prior to each visit by a
NPW to an Australian port.

For emergencies, additional response staff will be provided by the State Health
authorities or RAN/RANR. The LRMG will make his/her kit available for the use of
the additional response staff after an emergency situation has been declared and initial
emergency actions have been implemented.

Drivers with radio/mobile phone equipped vehicles, will be allocated for each MMU
according to the instructions in the Visit Operation Order (VOO). The location of the
vehicles during the visit and a rendezvous point for the crew will also be advised in
the VOO.

2.2 Exercises

The SRO and LRMG are responsible for the development of exercise scenarios and to
instruct members of the Port Safety Organisation on planned procedures. The nature
of these exercises should be such that the organisation, response times,
communications and transport arrangements are tested.

The SRO is responsible for testing the radiation monitoring aspects of the port safety
plan which require liaison with State and Commonwealth authorities.

The LRMG should test the organisational and technical aspects of the emergency
mobile monitoring response.
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3.0 PROCEDURES AND TECHNICAL INFORMATION

3.1 Routine Monitoring

The fixed, early warning equipment is to be in position and operational 24 hours prior
to the arrival of the NPW in order to establish reliable background radiation
measurements and to determine that all equipment is functioning as expected.

The early warning detectors must be set up in a direct line of sight with the NPW and
should be located no closer than 50 metres (US Navy restriction) and no further than
600 metres from the vessel.

The detectors consist of 3 low-range Geiger Muller tubes covering a dose rate range
from 0.01 |iSv/h to 100 u.Sv/h and a high-range Geiger Muller tube covering a dose
rate range of 100 jxSv/h to 100 mSv/h.

Signals from each of the detectors are fed to a receiver/alarm and a 3 channel chart
recorder at the monitoring post. The system is set to alarm at 1

The early warning equipment must be checked daily with a small radioactive source of
sufficient activity to trip the set alarm. A 1.8 MBq caesium-137 sealed source is
suitable.

All electrically operated items of equipment in the emergency kits must have batteries
placed in them. Each instrument must be checked for correct operation and calibration
prior to each NPW visit.

Daily background radiation measurements must be taken (and recorded on a logsheet)
near an NPW at a wharf (no closer than 50 m), using a portable low level dose rate
meter. These measurements act as an independent check on the early warning system
and indicate the potential for external exposure of members of the public near the
wharf.

Some background measurements, using the portable dose rate meters and
contamination monitors in the emergency monitoring kits, should be taken in areas
that may be monitored in the unlikely event of a release of airborne radioactive
contamination.
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3.2 NPW Emergency Monitoring Kit

For each NPW visit three NPW Emergency Moniroring Kits are provided by the
Commonwealth. Table 2 illustrates a typical NPW Emergency Monitoring Kit
Inventory.

Table 2
Typical NPW Emergency Monitoring Kit Inventory

Kit No:
Box A: J H I
Box B: (H)

(W (L) mm
(W) (L) mm

Date :
Box A Weight (kg):_
Box B Weight (kg):_

Item
Adhesive Labels for air sample bags
Ball point pens
Compass
Cotton Gloves (pair)
Disposable Gloves (pack)
Disposable Ty vek Suit
Eberline ESP
Eberline SPA-3 Probe
FAG Dose Rate Meter (high range)
FAG Dose Rate Meter (low range)
FAG Pancake Probe
Felt tip pen
Flat Screw Driver (medium size)
Inventory Forms
KIOi tablets
Long Nosed Pliers
Masking Tape (Roll)
Maypack Holder & Attachments
Maypacks
MONREP Forms
Notebook
Overshoes (Pair)
Philips Screw Driver (medium size)
Respirator ( I Type)
Respirator Cartridges
Rubber Gloves (pair)
Sealed Plastic Bags for Air Samples
Spare Batteries (9 volts)
Spare Batteries (C size)
Spare Batteries (D size)
Thomas Pump
TLD Badges
Torch
Wind Speed Meter

Qty
20
1
1
2
1
4
1
1
1
1
1
2
1
5

20
1
1
1

24
20
1
2
1
2
4
2
30
2
8
4
1
2
1
1

Serial No Checked

Comments:

Signed:_
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3.3 Maps and Grid References

Each mobile monitoring team is to be provided with a current map or street directory
which covers the port and its immediate environs. A suitable map scale is 1:25,000.
Sampling site locations can be specified by description (eg. junction of road X with
road Y) or by use of the map or street directory grid references. An identical full size
map is required at the EOC to assist in directing mobile monitoring teams and in
plotting data provided by the teams.

These maps are an essential ingredient to the operations and all RMG members should
be well instructed in their use, prior to an NPW visit. For each NPW port it is also
useful for RMG members to familiarise themselves with the locality and, where
possible, to pre-plan a number of suitable potential sampling sites and to measure
background radiation levels at these points.

3.4 Units of Measurement

All measurements reported shall comply with the System International (SI). Table 3
lists the appropriate units of measurement and Table 4 lists SI multiples and
sub-multiplies.

Table 3
Units of Measurement

Parameter
dose
dose rate

contamination monitor
reading

activity

air concentration

surface contamination

foodstuffs
beverages
pump flow rate

Units
millisieverts, mSv,
microsieverts per hour, fxSv/h

1 mSv/h = 1000 nSv/h

counts per second, cps

kilobecquerels, kBq

lkBq=1000Bq
kilobecquerels per metre
cubed, kBq/nP

counts per second, cps, or
becquerels per square
centimetre, Bq/cm^
Bq/kg fresh weight
Bq/L
litres per minute, L/minute

Remarks
write as milliSv
write as microSv/h

report mSv/h levels as 1000s of p.Sv/h to ensure
high reading communicated without error.
do not report in scientific notation
convert scientific notation readings on digital
equipment to real numbers.

calculated from field data using calibration
factors, or
estimated by gamma spectrometry
convert to activity using suitable calibration for
probe measurement or wipe test and estimate of
surface area.

1 nv3 = 1000 L
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Table 4
SI Multiples and Sub-multiples

g'ga
mega
kilo
milli
micro
nano

G
M
k
m

n
n

1000000000
1000000
1000
0.001
0.000001
0.000000001

109
106

103
10-3
10"6

10-9

3.4.1 Dose Rate Measurements

The dose rate meters available in the Emergency Monitoring Kits cover both low and
high ranges (up to 9.99 Sv/h). Each instrument has a digital readout and scales
automatically from ^Sv/h to mSv/h as dose rate increases above certain levels. These
scaling changes should be carefully noted to avoid confusion. Check the LCD screen
to confirm which units are being displayed.

Generally speaking, the low level doserate meter is all that would be needed to
measure dose rate levels from background up to 9.99 mSv/h. It is always a good idea
to leave the "sound" button activated to give audio feedback as you progress through
your measurements. These dose rate meters also have the facility to accumulate total
dose and to record maximum dose rate encountered. MMU members should make
themselves familiar with these facilities as they may be important in providing
valuable supplementary information and backing up a failed direct reading dosemeter
during field measurements.

3.4.2 Airborne Contamination Measurements

A probe may be plugged into either of the dose rate meters discussed in Section 3.4.1
to convert either to a portable contamination monitor. The readout on the screen
automatically changes to counts per second (cps) as the probe is plugged in. An
additional portable contamination monitor utilising a 5 cm Nal(Tl) probe for high
gamma sensitivity is also included in the kit. When the readings from these
instruments, together with the pump flow rate calibration data are relayed back to the
EOC they are converted through calculation to an airborne radioactivity concentration
expressed in kBq/m3.

Air samples would be returned from the field to the gamma spectrometer location for a
more accurate assessment of their activity and estimation of airbourne contamination
levels.
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3.4.3 Surface Contamination Measurements

Surface contamination is measured in units of Bq/cm2. The portable contamination
monitors mentioned in Section 3.4.2 may be used to estimate surface contamination.
However, it is first necessary to know the instrument's efficiency for the particular
radionuclide or mixture of radionuclides as well as the probe's sensitive detection area.
If these are not known then direct readings in cps from uncontaminated background
areas may be usefully compared with those from contaminated areas.

Low level dose rate readings may also be used to estimate widespread contamination
levels in the event that contamination monitors read off-scale.

3.5 Issue of Personal Dosemeters

Each monitoring kit contains two Thermoluminescent Dosemeters (TLDs) and two
direct reading dosemeters. In an emergency, the TLD badges must be worn on the
chest area under clothing by each member of each MMU and be placed in position
before the member proceeds to the affected area near Zone 1. At the end of the
emergency the TLD should be returned to the LRMG for processing at ANSTO.

The direct reading dosemeters are used to provide an early assessment of dose to
individual MMU members and to assist with the control of the exposure of MMU
members in any areas where there is a high radiation doserate. Each is pre-set to an
alarm level of 1 mSv at which point a continuous audible alarm is heard. A further
alarm has been set to indicate when the bearer enters a radiation field greater than
2 mSv/h. Actual doserate and accumulated dose may be viewed at any time on the
display.

The MMU members, LRMG and SRO should, at these alarm levels, consider the
likely magnitude of further exposures associated with the operations and apply
appropriate controls. These may simply require MMUs to leave the plume area as soon
as samples are taken and only then transmitting results to the EOC.

Dose rate meters should be left switched on when monitoring teams are moving from
location to location. If they enter any areas where there are abnormally high dose rates
they should immediately notify the LRMG and seek further advice. Team members
must not deliberately enter high dose rate areas unless this is authorised or pre-planned
with respect to their potential radiation exposure. Table 11 indicates allowable
exposures for individuals involved in rescue operations. Such exposures can only be
entered into voluntarily with volunteers being fully informed of the hazard level.
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3.6 Issue of Stable Iodine Tablets to Emergency Personnel

Members of the MMUs should take stable iodine tablets as soon as they are mobilised
following a confirmed alarm. These tablets are included in the Emergency Monitoring
Kit and should be taken in the dosage advised on the packaging. The LRMG will
provide advice on the issue of stable iodine tablets to RAN and other Commonwealth
personnel.

The SRO will decide whether other personnel employed by the State such as police are
to be issued with stable iodine tablets. He/she is also responsible for recommending
the issue of stable iodine tablets to members of the public.

3.7 Use of Full Face Respirators

The respirators in the emergency kit have canisters containing activated charcoal and a
particulate filter to remove radioactive iodines and radionuclides attached to particles.
Respirators should be used within Zone 1, and elsewhere, when there may be
significant levels of airborne contamination.

The protection factor for full face respirators is mainly dependent on any leakage of
air between the face and the face mask. The protection factor reduces from about
1000 for clean shaven faces to less than 100 for bearded faces.

The face mask should be tightly fitted to the face. This may be checked by obstructing
the intake hole at the base of the canister and drawing breath. A tight fit and leak free
fittings will cause a high resistance to drawing breath.

3.8 Use of Protective Suits, Gloves and Overshoes

Protective clothing such as disposable plastic suits and cotton gloves should be worn
by the RMG team members when entering areas which may be contaminated. It is
unlikely that very high levels of surface contamination would exist outside Zone 1.

Plastic suits may be decontaminated using a water hose and reused if necessary.

Cotton gloves may be worn in place of rubber gloves to prevent excessive perspiration
of hands.
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3.9 Activation Sequence for an Alarm

Standing procedures for the reaction of the RMG in the event of an indication of an
alarm and of a confirmed reactor accident (confirmed alarm) are included in the Port
Safety Plans of each NPW approved port. These procedures may vary in detail for
NPWs at berths or anchorages and also from port to port. However, in each case the
procedures will embody the following basic actions.

An alarm may be triggered by the early warning system or raised by the NPW
Commanding Officer. The alarm triggered by the early warning system may be
confirmed by a communication from the NPW Commanding Officer or the LRMG.
All alarms must be communicated to the rostered Duty Officer manning the
designated Emergency Operations Centre (EOC). The Duty Officer will alert the
LRMG and the SRO by radio paging unit, telephone or radio and inform him/her of
the nature of the alarm.

When the alarm is triggered by the early warning equipment the LRMG must proceed
immediately to the vicinity of the NPW and use a dose rate meter to check radiation
levels. ( Note in some States he/she is required to proceed directly to the EOC, in
which case alternative arrangements for confirming the alarm are in place.) If these
levels indicate a severe radiation accident:

• the LRMG will notify the EOC Duty Officer indicating a confirmed alarm;
• the Duty Officer will then activate the Port Safety Organisation, including

mobilisation of the RMG Mobile Monitoring Units (MMUs).

On a confirmed alarm, the EOC Duty Officer will inform the Officer in Charge of
Zone 1 (OIC Zone 1) who will then order an immediate evacuation of Zone 1.

In the initial stages of the confirmed alarm, the LRMG will direct the MMUs and
interpret the results of radiation measurements.

The LRMG will assess the hazards resulting from the accident by:

• making external gamma-radiation dose rate measurements in the vicinity of the
NPW (alongside berth only), to determine the magnitude and extent of the
external radiation hazard arising from the hull of the NPW;

• arranging air sampling, and dose rate measurements downwind of the NPW as
necessary, to determine airborne concentrations of critical radionuclides to
estimate inhalation and external radiation hazards to members of the population;

Decontamination of persons evacuated from Zone 1 will be arranged by the SRO (or
the OIC Zone 1 in the case of HMAS Stirling), as necessary, with advice from the
LRMG.

NPW Radiation Monitoring Handbook Version 1.0 Authorised 7 September 1995 V i S J r ( f N )



18

Meteorological data, including local windspeed and direction, synoptic information
and dispersion conditions, are to be obtained from the Bureau of Meteorology, to
assist in establishing the extent and magnitude of the effects of the accident.
Arrangements for the supply of this data must be made before the visit of the NPW.

After the MMUs have been deployed and preliminary data have been obtained, the
LRMG must proceed to the EOC and advise the SRO on the interpretation of field
monitoring measurements.

Relief teams consisting of Commonwealth and State officers can be formed to provide
for any shift coverage after the initial stages of the accident. Arrangements have been
made to provide reserve personnel and resources from ANSTO, Sydney. On being
alerted back-up personnel and equipment will be flown immediately to the port
affected. The United States Navy has response teams, trained for radiation
emergencies, capable of rapid mobilisation to assist its nuclear powered ships in an
emergency. While some of these staff would be engaged directly with the NPW
involved, it is anticipated that teams would be detailed to assist the Port Safety
Organisation.

In the later stages of the accident, RMG effort can be diverted progressively from
plume monitoring tasks, and further actions are then required to check for:

• contamination of milk and other foodstuffs;
• surface contamination in areas affected by fission products;
• contamination of the marine environment around the NPW.

Table 5 illustrates an accident response sequence. The timing of actual responses will
vary from port to port and with anchorages/berths. The timing given here is merely
illustrative.

Table 5
Estimated Time Sequence of Accident Responses.

[ Time
0

Within 5 minutes
Within 10 minutes
Within 30 minutes
Within 40 minutes
Within I hour
Within 2 hours
6-15 hours
24 - 48 hours
Within 48 hours

Event |
Initial Confirmed Alarm from the Leader, RMG or NPW Commanding Officer. The
Mobile Monitoring Units are mobilised.
State Radiation Officer Notified.
OIC Zone 1 alerted.
First field measurements are commenced.
Zone 1 is evacuated.
A series of field measurements have been reported.
Initial field air sample measurement results are confirmed by laboratory measurements.
Interstate teams arrive(depending on port location).
Longer term remedial actions initiated.
Teams from the US or UK arrive.
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3.10 Deployment of Mobile Monitoring Units

It is anticipated that the three mobile monitoring units can be in position within
30 minutes of notification of a confirmed alarm by the EOC Duty Officer.

The deployment of the MMUs can be planned, to some degree, before the visit using
pre-arranged rendezvous points and initial monitoring points for each of the MMUs. A
typical plan for deployment when a NPW is berthed at a wharf should include:

• a checkpoint near the NPW for the LRMG to confirm an alarm using a doserate
meter;

• a rendezvous point for each of the MMU members so that mobilisation times are
minimised;

• an initial monitoring point or series of points for each of the MMUs to minimise
delay between mobilisation and initial field results. These initial monitoring
points should be well thought out and agreed based on experience of the most
likely prevailing weather conditions for that time of year for that port;

• a contamination control point near Zone 1. There should be a water hose nearby
for simple decontamination of vehicles. These arrangements should be made by
the SRO;

The LRMG may proceed to a convenient location near Zone 1 or the EOC from where
he/she would direct the MMUs to:

• vary from pre-arranged monitoring points as necessary. It will be necessary for
teams to transect (cross) the most likely path of the plume. For small variations
in wind direction, the spread of the plume would not be expected to be greater
than about 0.5 km at 1 km distance from a ground level source;

• sample points at regular intervals in the vicinity of the plume.. If a plume at any
one instant is over the sampling location, then a high concentration could be
measured. A short period of time later there could be no measureable
concentration as the plume fluctuates away from the sampling point. The
'instantaneous' plume could be about 100 metres wide. The distance between
other sampling points should be of the same order of magnitude.

• establish fixed sampling points when the extent of the plume is defined, and,
after the first positive sample, arrange for air samples to be taken as often as
practicable(usually every 10-15 minutes).

Upon arrival at the EOC, the LRMG will assist the SRO in positioning MMUs in the
field and interpreting radiation monitoring results. Analysis of incoming air samples
(collected from the field by messengers) will be done by the LRMG on a gamma
spectrometer set up in or near the EOC.
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3.11 Measurements near the NPW (inside Zone 1)

Measurements inside Zone 1 should be made by the LRMG or his/her assistant
(Technician RMG) and are required to confirm an accident and to assess the likely
degree of hazard to members of the public and recovery teams such as tug boat crews.

The dose rate at various distances from a NPW will depend on factors such as:

• the power rating and operational status (eg. shutdown) of the reactor;
• the severity of the accident;
• the time since the accident;
• the shielding provided by the vessel (surface vessels have more shielding bulk

than submarines);
• the angle of the vessel to the detector;
• the shielding provided by any building, berth facilities or vessels near the NPW.

All measurements required in the close vicinity of an NPW should be justified and
balanced against the risk to personnel. When taking measurements the NPW should
be approached from end-on and, if possible from an up-wind direction, using any
nearby buildings (if NPW is at a berth) or vessels as shielding protection. A brief dose
rate survey should be made, where possible, around the vessel to establish the
radiation field contour at about 100 metres from the NPW. A low level and a high
level dose rate meter will be needed for this task. Figure 2 shows a characteristic
isodose contour chart for a hypothetical reactor accident on a nuclear powered
submarine.

A small powered boat should be used to transport the LRMG or his/her assistant or an
MMU to take measurements near an NPW at anchor some distance from the shore.
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Figure 2
Characteristic Isodose Contour Chart for Gamma Radiation Dose Rates (mSv/h)

in the Horizontal Plane about lm above the Hull Surface.

Stern Reactor
0 15 30m
i i i

Scale Meters
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3.12 Measurements outside Zone 1

The dose rate, after an accident, at distances greater than 600 m from the NPW will be
very much lower than the dose rate closer to the NPW.

Variations in the dose rate outside zone 1 may be caused by a fluctuating plume of
radioactive gases and local deposits of surface contamination.

Contamination of trees, vehicles, or high natural background radiation associated with
road fills may also affect dose rate measurements. Dose rate measurements should be
made, using a low level dose rate meter, at a distance of at least 10 metres from the
monitoring team vehicles and other large objects. This is obviously not possible for
seaborne monitoring.

Typical natural background readings are 0.15 jiSv/h over land and 0.05 ^Sv/h over
water measured about 1 metre above the surfaces.

External dose rates from a plume will depend upon factors such as:

• the distance of the plume from the detector;
• the composition and concentrations of nuclides in the plume;
• the dimensions of the plume.

Noble gases, such as xenon and krypton isotopes, may be the main components of a
plume. The most sensitive instrument for detecting a plume included in the Emergency
Monitoring Kit is that which uses the 5 cm Na I(T1) detector.

Direct measurement of dose rates from beta-gamma surface contamination may be
difficult in the presence of a plume.

Ground or surface contamination measurements should be made with the detector
probe not more than 5 cm from the surface.

3.13 Weather Forecasts

Arrangements should be made, under the provisions of the Port Safety Plans, for the
Bureau of Meteorology Regional Forecasting Centre nearest to the port of call, to
supply the Duty Officer the following information on request

For each visit forecasts should be obtained for the anchorage or berth on a six hourly
basis as per Figure 3a. Note that this form has been tailored for Hobart and should be
customised for the local port in question. The purpose of this forecast is to provide the
LRMG with general weather guidance and sufficient information to make initial
decisions should an incident occur.
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If an incident occurs Oberservations and Forecasts should be obtained on an hourly
basis as per Figure 3b (Observations) and Figure 3c (Forecasts). Note again that these
reporting formats have been tailored for Hobart and should be customised for the local
port in question. The purpose of these reports is to provide the LRMG with detailed
weather observations and short term forecasts, sufficient to make detailed decisions
during an incident. Ideally the Bureau of Meteorology should be asked, again under
the provisions of the Port Safety Plans, to provide, where possible, a forecaster at the
Emergency Operations Centre, to assist with the interpretation of weather information
and to assist with any small scale forecasting required.

Note : Units are: wind speed in knots; wind direction is the direction from which the
wind is coining as measured in degrees, clockwise from north, eg., 270 is a wind
coming from the west (a westerly), going to the east; elevations are in metres; and
visibility (if referred to in the weather section) will be in nautical miles..

Figure 3a
Nuclear Powered Warship - Routine Weather Forecasts

Issued at 5am, 11am, 5pm and 11pm

Bureau of Meteorology, Hobart
Issued at (local time/day/date)
Valid for 6 hours from time of issue at anchorage

If NO wind change is expected
• Forecast average wind speed: (knots)
• Forecast average wind direction: (degrees)
• Forecast weather:
• Forecast Pasquill Stability Class: A, B, C, D, E, F, G

(circle forecast, delete others)
If wind change IS expected
• Forecast wind change expected at: Local time
• Forecast average wind speed ahead change: (knots)
• Forecast average wind direction ahead change: (degrees)
• Forecast weather ahead change:
• Forecast Pasquill Stability Class ahead change: A, B, C, D, E, F, G

(circle forecast, delete others)
• Forecast average wind speed behind change: (knots)
• Forecast average wind direction behind change: (degrees)
• Forecast weather behind change:

Forecast Pasquill Stability Class behind change: A, B, C, D, E, F, G
(circle forecast, delete others)

Outlook for further 12 hours:

For further information contact forecaster on:
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Figure 3b
Nuclear Incident Weather Observation Form

Upper air observations

Hobart Airport upper air at (local time). .(day/date)
Height

(metres)
300
600
900
1500

Wind direction
(degrees)

Wind speed
(knots)

Air temperature
(degrees C)

Cloud amount over incident site
(Circle one, cross out the others)

Sky was overcast
Sky was more than half covered
Sky was clear or less than half covered

Ground level observations

Surface observations at (local time). .(day/date)
Location

Ellerslie Rd
Marine Tower

Tasman Bridge
Marine Raft

Droughty Hill
Hobart Airport
Mt Wellington

Elevation
(metres)

55
35
60
3

150
4

1270

Wind direction
(degrees)

Wind speed
(knots)

Air temperature
(degrees C)

Pasquill stability category
(Circle relevant one, cross out the others)

A Very unstable
B Moderately unstable
C Slightly unstable
D Neutral
E Slightly stable
F Moderately stable
G Very stable
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Figure 3c
Nuclear Incident Weather Forecast Form

Forecasts issued at (local time/day/date)
Valid for TWO hours from time of issue at anchorage

Forecasts for upper air over the Hobart area
Height (metres)

300
600
900
1500

Wind direction
(degrees)

Wind speed (knots) Temperature
(degrees C)

Forecast cloud amount over incident site
(Circle one, cross out the others)

Sky was overcast
Sky was more than half covered
Sky was clear or less than half covered

Forecasts for selected surface locations
Location

Ellerslie Rd
Hobart Airport
Mt Wellington

Elevation
(metres)

55
4

1270

Wind direction
(degrees)

Wind speed
(knots)

Air temperature
(degrees C)

Forecast Pasquill stability category
(Circle relevant one, cross out the others)

A Very unstable
B Moderately unstable
C Slightly unstable
D Neutral
E Slightly stable
F Moderately stable
G Very stable
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3.14 Airborne Contamination Sampling

Air samples should be taken in those populated areas outside Zone 1 where a plume
may be blown by the wind. The direction of a plume may be extremely variable.
When the general direction of the plume is established, samples from fixed positions
are required to give time averaged values of contaminant concentrations. Air samples
should then be taken every 10 minutes or as often as practicable. The hand held wind
speed and direction indicator should be used to gauge wind shifts. Observed shifts in
wind direction should be reported to the EOC.

The contaminants of most interest are the radioactive iodines and some particulate
mixed fission products such as caesium-137 or ruthenium-103. These contaminants
can be collected on the Maypack cartridge. The glass fibre filter paper on the
Maypack cartridge will collect particulates and elemental radioactive iodine vapours.
The activated charcoal will collect volatile radioactive compounds such as methyl
iodide gas. Noble gases cannot be accurately sampled with a Maypack, which retains
only trace levels of them.

3.14.1 Setting up an Air Sampler

To set up an air sampler, the Maypack cartridge is placed into the holder with the filter
paper face towards the air intake. The front of the holder is screwed back into place
and then the pump is ready to be started.

An accurate flow rate calibration is indicated on a label attached to each pump.

Air samples should be taken at least 1 metre above the ground with the nozzle directed
perpendicular to the wind direction.

It is important that the hose fittings from the manifold to the pump are tight in order to
prevent any air leakage.

The electric current leads from the pump may be connected to the vehicle battery
circuit by using an adaptor plug to fit into the cigarette lighter in the vehicle. The
leads may also be connected directly to the vehicle battery. When connecting the
leads of the pump to the vehicle battery it is essential to prevent the creation of sparks
that may explode hydrogen in the battery.
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3.14.2 Airborne Contamination Field Measurements.

Estimates of the concentrations of the radionuclide iodine-131 and particulate mixed
fission products in a plume can be made from measurements taken in the field, using
the contamination monitors in the Emergency Monitoring Kits.

If the background radiation from the plume is high, the monitoring vehicle must be
driven to a position outside the plume before taking measurements of the air samples.

Measurements should be made at waist height (1 m above ground) to reduce the
effects of variation in background radiation from the ground.

The Maypack cartridge should be labelled as soon as it is removed from its holder
after the air sampling has been completed. This labelling should coincide with the
monitoring report (MONREP) number.

The Maypack cartridge should be measured using the instruments in the Emergency
Monitoring Kit according to specific instructions included with the Kit. Readings are
taken with the detector placed a few millimetres from the front face of the Maypack.

When measurements of the Maypack cartridge are complete, the cartridge should be
sealed in one of the sample bags provided and labelled with details of the sample.

The contamination monitor scale reading, which includes sample plus background
(counts per second) is reported to the EOC as part of a monitoring report (MONREP).
The procedure is repeated with each contamination monitor.

NPW Radiation Monitoring Handbook Version 1.0 Authorised 7 September 1995 VSJr(JN)



28

3.15 Mobile Monitoring Unit Procedures on being alerted

When alerted, mobile monitoring units must carry out the following procedures:

1. Collect all members of the team and report by radio or mobile phone to base
upon arrival at the rendezvous point.

2. Check the state of the batteries in the portable monitoring instruments.

3. Put on a TLD badge on your chest (under outer clothing). Switch on the digital
dose meter and wear it inside a pocket or on your belt.

4. Report any instrument deficiencies to base (EOC).

5. When instructed to do so, move to a sampling site or move to predetermined
sampling location.

6. On the way to the sampling site use the Nal detector to locate the extent of any
plume. Report by radio any significant increases in reading.

7. Report to base by radio/mobile phone upon arrival at the sampling site and when
directed:

(a) run a 5 minute air sample using a Maypack. Measure its activity using the
Nal(Tl) detector and the pancake probe instruments;

(b) measure the dose rate in the vehicle (location 1) and at about 10 m from the
vehicle (location 2).

8. Report to base by radio the results found in 7 using the format of the report form
(MONREP) and giving only the letters ( said as alpha, bravo, charlie, etc.,) to
indicate each type of result.

9. Mark the sample with an identification number using the call sign allocated to
the vehicle, eg if this is Mobile 4, the first sample would be numbered M4/1, the
second sample would be numbered M4/2, etc.

10. Place the sample in an envelope and seal with adhesive tape. Mark the envelope
with the sample number, time, date and sampling site.

3.15.1 Use of the MONREP Form

The Emergency Monitoring Report (MONREP) form is designed to facilitate clear and
concise reporting of monitoring results by radio. Figure 4 is an example of a
MONREP form.
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Figure 4
Emergency Monitoring Report Form

EMERGENCY MONITORING (MONREP) FORM
revised November 1994

MOBILE CALL
SIGN

ALPHABET
SERIAL

SEE
FOOT
NOTE MONREP NUMBER

ENTER
MONREP NUMBER
Air Sample:
Location
Time On
Elapsed Time
Pump Flow Rate

Eberline with Nal
probe:
Background
Sample
Calibration

Pancake probe:
Background
Sample
Calibration
FAG (Dose Rate)
Location 1
HSv/h
Location 2
jlSv/h
Weather:
Wind Direction
Wind Speed (knots)

Alpha
Bravo
Charlie
Delta

Echo
Foxtrot
Golf

Hotel
India
Juliet

Kilo
Lima
Mike
November

Whiskey
Victor

(a)

1
2

3
4
5

3
4
5

6

7

8
9

1 2 3

Details below are not for transmission

Kit No.
MONREP

Sent by (initials)/Time

Vehicle Reg No._

FOOTNOTES:
(a) Enter each monrep number sequentially. Use this and your call sign to identify each sample.
I. 5 minutes unless otherwise instructed.

As indicated in L/min on the pump calibration sticker.
Instrument backgrounds E and H should be taken well away from the samples.
Sample measurements F and I should be measured, ie. do NOT subtract the background.
As indicated in cps/kBq ^ 1̂ on the instrument calibration sticker.
Inside the vehicle, unless otherwise instructed. Transmit "Blank" if inside the vehicle.
10m from the vehicle, unless otherwise instructed. Transmit "Blank" if 10m from vehicle.
Averaged over 5 minutes using the compass in the kit.
Averaged over 5 minutes using the meter in the kit.
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The details of the MONREP form and how to use it are given below:

11. Mobile Call Sign. Record the call sign (eg Mobile 4). The call sign for each
Mobile Monitoring Unit is nominated by the State Emergency/Disaster
Management Organisation prior to each NPW visit. In addition to use in
radio/mobile phone communications, the call sign is used as part of the sample
identification system (see procedure 9).

12. MONREP Number. Record the MONREP number. Record three MONREPs
on one sheet. After completing the first sheet strike out the MONREP numbers 1,
2, 3 and enter 4, 5, 6 and so on with each new sheet.

13. Air Sampling. The 12 volt air sampling pump operates at the flow rate indicated
on its calibration sticker when used with a plastic Maypack cartridge. The pump
may be connected directly to the monitoring vehicle battery using crocodile clips.
Alternatively, connections to the vehicle battery may be made via the cigarette
lighter socket. The latter method is more convenient, saves time and removes the
need to open the bonnet of the vehicle.

14. Note, when loading the plastic Maypack into its holder, you must to ensure that it
is correctly oriented, ie white filter paper end nearest to the air inlet nozzle.

15. As soon as the sample is removed from the metal holder, number the white
plastic side so that it can be identified later (see procedure 9). Immediately the
sample readings have been taken (see procedures 23 and 26) with the
Eberline/Nal detector and the FAG/Pancake probe, place the sample in a plastic
sample bag, seal it, record the details of the sample on an adhesive label and
affix to the label to the bag.

16. Location. A current map (or street directory) is provided covering the port and
its immediate environs. Suitable map scales are 1:25,000 to 1:50,000.

17. The sampling site location can be specified by description (eg junction of road X
with road Y) or by a 6 figure grid reference. (In Western Australia, a 6 or 7
figure street directory reference is used.) Note that the 6 figure grid reference
specifies a point whereas the 6 or 7 figure street directory reference specifies a
box.

18. Choose a parking location that does not present a traffic hazard to the MMU or
other road users. Record the location.

19. Time On. This is the actual time the air sample is started. Use the twenty-four
hour clock system. A decimal point is not necessary, eg 1640, 0930.
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20. Elapsed Time. This is the sampling time, which is normally five minutes,
unless otherwise instructed. When recording the elapsed time on the form there
is no need to write the word minutes, eg write five minutes simply as 5.

21. Pump Flow Rate. This is the flow rate in L/min when the pump is used in
conjunction with a plastic Maypack. The flow rate is given on the pump
calibration sticker. Record figures only, eg for a flow rate of 30 L/min record 30.

22. Eberline/Nal Background. Take a background reading well away from the
sample. If the background is too high to measure the sample, move to an area
with a lower background (eg inside the vehicle or building, or outside the
plume). Record the background.

23. Eberline/Nal Sample. Hold the plastic Maypack face (white filter paper end) a
few millimetres from the end of the Nal detector and take reading. Convert
scientific notation on instrument display to real numbers with care and record. It
is unnecessary to write cps, or counts per second, eg write 150 cps as 150.
Record the actual measurement, do not subtract the background reading.

24. Eberline/Nal Calibration. This is the number of counts per second per
kilobecquerel 131I indicated by the Eberline/Nal detector for a reading taken a
few millimetres from the face of plastic Maypack. The calibration figure is
given on the instrument calibration sticker. Record figures only.

25. FAG/Pancake Probe Background. Remove the end-cap on the pancake probe.
Take a background reading well away from the sample. If the background is too
high to measure the sample, move to a lower background. Record the
background at each point that a sample is measured.

26. FAG/Pancake Probe Sample. Hold the plastic Maypack with its white filter
paper end a few millimetres from the end of the pancake probe and take a
measurement removing the protective cover on the probe before taking the
measurement. Record the actual measurement, do not subtract the background
reading.

27. FAG/Pancake Probe Calibration. This is the number of counts per second per
kilobecquerel of I3II indicated by the FAG/Pancake probe for a reading a few
millimetres from the face of a plastic Maypack with the protective end-cap of the
detector removed. It is given on the instrument calibration sticker. Record
figures only.
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28. If a measurement taken with the Eberline/Nal yields an off-scale reading record
this as 'off-scale' and take another measurement at an appropriate distance from
the sample yielding an 'on-scale' reading.

eg golf off-scale
500 at 10 centimetres.

29. Dose Rate Location 1. This is inside the vehicle unless otherwise instructed. It
is unnecessary to write a grid reference a second time, ie leave blank, unless the
reading has been taken outside the vehicle.

30. Dose Rate jiSv/h. All dose rate measurements are to be quoted in (iSv/h.

31. Dose Rate Location 2. This is 10 metres from the vehicle, unless otherwise
instructed. It is unnecessary to write a grid reference. The location need only be
specified when it is other than 10 metres from the vehicle.

32. Wind Direction. This is the direction from which the wind is coming as
indicated in degrees, measured clockwise from north, using a compass
eg., 270 is a wind coming from the west (a westerly), going to the east.
Wind direction readings should be averaged over a 5 minute period.

33. Wind Speed. This is the wind speed as indicated on the meter, averaged over
the same 5 minute period as in 32.

Wind speed or direction measurements should be taken, where possible, away
from large objects such as buildings that may cause local wind turbulence.

34. Alphabet Serial. When communicating the results by radio/mobile phone, it is
unnecessary to say the words Location, Time On, Time Elapsed, etc, instead use
the alphabetical serial:

A
B
C
D
E
F
G

- Alpha
- Bravo
- Charlie
- Delta
- Echo
- Foxtrot
- Golf

H -
I -
J -
K -
L -
M-
N -

Hotel
India
Juliet
Kilo
Lima
Mike
November

O -
P -
Q -
R -
S -
T -
U -

Oscar
Papa
Quebec
Romeo
Sierra
Tango
Uniform

V -
W-
X -
Y -
Z -

Victor
Whiskey
X-ray
Yankee
Zulu
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35. Communicating a MONREP by Radio/Mobile Phone. To use a radio
transceiver, hold button down on microphone to speak. Release button to listen.
To send message, hold button down and say:

BASE (base call sign), THIS IS MOBILE (your call sign)
MONREP FOLLOWS, OVER
Release button. Base will reply:

THIS IS BASE, SEND MONREP, OVER

You reply:
BASE THIS IS MOBILE (your call sign),
MONREP NUMBER (give monrep number) FOLLOWS,
ALPHA (give data), BRAVO (give data), CHARLIE (give data), etc, etc.
OVER.

36. If the alphabet serial item is not recorded, eg "blank", do not report.

37. If a decimal, do not say point, say "decimal" and if less than one, always include
the word zero,

eg for 0.5, do not say "point five", say ZERO DECIMAL FIVE.

38. If base says

SAY AGAIN MONREP

the full monitoring report is given again.

If base says

SAY AGAIN GOLF

the reading adjacent to Golf is given.

39. At the bottom of the MONREP column indicate the time the message was sent
and initial it.
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3.16 Calculation of Airborne Contamination Levels

Air sample data are recorded on a radiation monitoring report (MONREP) form which
is then used to transmit the data from the Mobile Monitoring Units by radio or mobile
phone to the Duty Officer at the EOC. The EOC Duty Officer or a communications
officer transcribes the data to a MONREP IN form which is then passed to a
Calculations and Plotting Officer. Calculations should be made by this officer and the
results plotted and communicated to the State Radiation Officer. Note a number of
States have computerised the data receipt and subsequent calculation process.

3.16.1 Air Concentrations using Nal(Tl) Detector Field Results

The following fon
Maypack sample:
The following formula should be used to calculate the amount of iodine-131 ( I) in a

p = 1 Q 0 0 ( F - E )
CDG H

where:

F = Sample measurement including background (cps),
E = Background (cps),
C = Elapsed time (min),
D = Pump flow rate (L/min), and
G = Calibration factor on instrument label (cps per kBq of !3iI)

3.16.2 Air Concentrations using GM Pancake Probe Detector Field Results

The foil
sample:
The following formula should be used to calculate the amount of I in a Maypack

lOOO^H) , „ ,
CDJ 4

where:

I = Sample measurement including background (cps),
H = Background (cps),
C = Elapsed time (min),
D = Pump flow rate (L/min), and
J = Calibration factor on instrument label (cps per kBq of 13II)

Both formulae assume that all of the airborne contamination is due to I31I. There may
be other isotopes of iodine such as I and I as well as paniculate mixed fission
products trapped on the Maypack. Air sample results from field measurements should
be confirmed by using a gamma spectrometer to identify the nuclides and check
airborne concentrations for a number of samples.
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3.17 Plotting and Recording Monitoring Data

Message-In Form. The radio/mobile phone Message-In form is designed to receive
MONREP results and other messages from the MMUs. Figures 5a and 5b are
examples of the Message-In form for 12 and 2 hour removal times respectively.

i. If a message only, this should be shown to the State Radiation Officer or LRMG,
immediately.

ii. If a MONREP, the communications officer should record the information and
pass the form to a Calculations and Plotting Officer, who should do the
calculations indicated for "P" and "Q".

For example if F = 240; E = 30; C = 5; D = 35; and G = 100.

1000(F-E) 1000(240-30) 10x210 . . _ . .
= = = o ICDQ / m3

C DG 5 x 35 100 5 x 35
Record results of calculations.

iii. The calculations officer should then compare P, Q, L and N, using the table
provided on the form. For example:

P = 8 (green)
Q = 50 (blue)
L = 30 (green)
N = 50 (green)

Record results of colour coding.

iv. Plot the colour equivalent to the highest value of P, Q, L and N (eg in the above
example plot blue) at the corresponding location on the Emergency Operations
Centre wall map (1:25,000 scale).

v. Once the highest value results is plotted, hand the form to the LRMG or the State
Radiation Officer for checking and signature.
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Figure 5a
MONREP - MESSAGE IN Form for 12 Hour Removal Time

MONREP - MESSAGE IN for 12 hour removal time

revised November 1994
TIME/DATE:
FROM TEAM:
TEXT:

MONREP Number:

Air Sample:
Location
Time On
Elapsed Time
Pump Flow Rate

Eberline with Nal probe:
Background
Sample
Calibration
Pancake probe:
Background
Sample
Calibration

FAG (Dose Rate)
Location 1
HSv/h
Location 2
flSv/h
Weather:
Wind Direction
Wind Speed (knots)

#

A
B
C
D

E
F
G

H
I
J

K
L
M
N

W
V

Calculations
Using Eberline Results:

Sample F - Background E = cps
Vol. of air sampled C x D = L
Calibration Factor G = cps/kBq
Concentration of 1-131 = P

P = (F-E)/(CxD)xlOOO/G kBq/m3

P = kBq/m3

Using Pancake Probe Results:
Sample I - Background H = cps
Vol. of air sampled C x D - L
Calibration Factor J = cps/kBq
Concentration of 1-131 = Q

Q=(I-H)/(CxD)xlOOO/J kBq/m3

Q = kBq/m3

FAG Results:

Dose Rate L = u5v/h
Dose Rate N = nSv/h

Wind Speed = V/2 = m/sec

PLOTTING COLOUR CODE: Highest Colour is:
Compare your results P, Q, L, N
with the adjacent table; then circle
the highest colour value and plot
the colour point on the plotting map

Por
Q

Lor
N

Green
Less than 9

Less than
400

Blue
9-
90

400-
4000

Yellow
90-
900

4000-
40000

Red
Over 900

Over
40000

Received by:
Plotted by:
Checked by LRMG or SRO: .Time:
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Figure 5b
MONREP - MESSAGE IN Form for 2 Hour Removal Time

MONREP - MESSAGE IN for 2 hour removal time

revised November 1994
TIME/DATE:
FROM TEAM:
TEXT:

MONREP Number:

Air Sample:
Location
Time On
Elapsed Time
Pump Flow Rate

Eberline with Nal probe:
Background
Sample
Calibration
Pancake probe:
Background
Sample
Calibration
FAG (Dose Rate)
Location 1
HSv/h
Location 2
HSv/h '
Weather:
Wind Direction
Wind Speed (knots)

#

A
B
C
D

E
F
G

H
I
J

K
L
M
N

W
V

Calculations
Using Eberline Results:

Sample F - Background E - cps
Vol. of air sampled C x D = L
Calibration Factor G = cps/kBq
Concentration of 1-131 = P

P = (F-E)/(CxD)x 1000/G kBq/m3

P = kBq/m3

Using Pancake Probe Results:
Sample I - Background H = cps
Vol. of air sampled C x D = L
Calibration Factor J - cps/kBq
Concentration of I-131 = Q

Q = (I-H)/(CxD)xlOOO/J kBq/m3

Q = kBq/m3

FAG Results:

Dose Rate L = ^Sv/h
Dose Rate N = nSv/h

Wind Speed = V/2 = m/sec

PLOTTING COLOUR CODE: Hij
Compare your results P, Q, L, N
with the adjacent table; then circle
the highest colour value and plot
the colour point on the plotting map

;hest Colour is:

Por

0
Lor
N

Green
Less than 54

Less than
2500

Blue
54-
540

2500-
25000

Yellow
540-
5400

25000-
250000

Red
Over
5400
Over

250000
Received by:
Plotted by:
Checked by LRMG or SRO: ..Time:

1 WARNING: If vessel is delayed beyond 2 hours revise to more restrictive ERLs 1
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3.17.1 MONREP Message-In Colour Coding

A 12 hour removal time in the event of a reactor accident is the normal default value
for allowing NPWs to visit Australian ports. Depending upon site specific factors for a
particular port, berth or anchorage and the power rating of the NPW, shorter removal
times have been specified in some cases. Table 6 illustrates the Derived Intervention
Levels for a range of vessel removal times. If the NPW is unable to leave in the
specified time, the SRO should take account of potential increased exposure times in
estimating population doses and recommending protective actions. Table 7 shows the
protective actions corresponding to the colour coding.

Table 6
Derived Intervention Levels for a Range of NPW Removal Times

Removal time

12 hours

Removal time

6 hours

Removal time

4 hours

Removal time

2 hours

Por
0

Lor
N

Por
0

Lor
N

Por
0

Lor
N

Por
0

Lor
N

Green

Less than 9

Less than
400

Green

Less than 18

Less than
800

Green

Less than 27

Less than
1200

Green

Less than 54

Less than
2500

Blue

9 -
90

400-
4000
Blue

18-
180

800-
8000
Blue

27-
270

1200-
12000
Blue

54-
540

2500-
25000

Yellow

90-
900

4000-
40000
Yellow

180-
1800

8000-
80000
Yellow

270-
2700

12000-
120000
Yellow

540-
5400

25000-
250000

Red

Over 900

Over
40000
Red

Over
1800
Over
80000
Red

Over
2700
Over

120000
Red

Over
5400
Over

250000

Table 7
Protective Actions Corresponding to Colour Coding.

GREEN
BLUE

YELLOW

RED

External Radiation
Hazard

No Action / reassure
consider sheltering

shelter, consider evacuation

evacuate

Air sample/Inhalation
Hazard

No Action / reassure
consider shelter,
consider issue of stable iodine
shelter, issue stable iodine,
consider evacuation
evacuate
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3.17.2 MONREP Message-In Derivation of Intervention Levels

The following illustrates how the MONREP derived intervention levels were
determined for the 12 hour removal time case.

External radiation hazard

Primary intervention levels from Table 11 are: 5,50,500 mSv, respectively.
5 mSv is 5000 p,Sv.
Exposure time is 12 hours,
Dose rate = 5000/12 = 417 jxSv/h. This is rounded down to 400 fiSv/h
Hence the Derived Intervention Levels are: 400, 4000,40000 jiSv/h

Inhalation Hazard.

Primary intervention levels from Table 11 are: 50, 500,5000 mSv to the thyroid.
From Figure 17 the thyroid dose equivalent for a 10 year old child,
for 1131 is 7.4 x 10"7 Sv/Bq.
1 Sv = 10000000/7.4 Bq
For an intervention level of 50 mSv, 50 mSv = 50 x 10000/7.4 Bq

From Figure 19 the breathing rate for a 10 year old child is 15000 L/day.
In 12 hours the child breathes 7.5 m3.
50 mSv to thyroid organ = 500000/(7.4 x 7.5) = 9009 Bq/m3

which is 9 kBq/m3-
Hence the Derived Intervention Levels are: 9, 90, 900 kBq/m3 •
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3.18 Airborne Contamination Laboratory Measurements.

Air samples with positive results should be collected from monitoring teams by a
courier and taken to the EOC where the gamma spectrometer is set up. This
instrument should be left switched on and be operational for the duration of the NPW
visit. Information on setting up and calibration is provided in manuals in the kit.

Place the sample, in its envelope, with its glass fibre filter facing the detector of the
spectrometer. The sample should not touch the detector as this will reduce energy
resolution and may contaminate the detector. Use a cardboard jig, if necessary, to
ensure a constant counting geometry for all air samples.
Airborne contaminants such as radioiodines and caesium-137 will not penetrate deeper
than a few millimetres into the filter and activated charcoal.

Sample counts should be accumulated for at least 100 seconds. The counts in the
region of the main (364 keV) iodine-131 photopeak should be compared, after
subtracting background, with the counts obtained from a Maypack which has been
doped with a known quantity of iodine-131.

The energies and abundances of gamma emissions from some important nuclides are
listed in table 8.

If the ratio of the sample results measured with the GM detector to those measured
with the Nal detector differs significantly from unity there may be contaminants
present such as caesium-137 or ruthenium-103. In this case, the glass fibre filter paper
should be removed from the Maypack cartridge and analysed separately.
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Table 8
Nuclear Emission Data for Selected Fission Products.

Isotope

Kr-85m

Kr-85

Rb-88

Ru-103

Ru-106
daughter Rh-106

Cs-137

1-131

1-132

1-133

1-135

Te- 132
daughter 1-132

Xe-133m
Xe-133

Half life

4.4h

10.6y

17.7m

40d

iy
30s

30y

8d

2.3h

20.8h

6.7h

78h
2.3h

2.3d
5.3d

Particle type
and <jnergies

(MeV)
IT

P- 0.82
P- 0.15

0.67
P- 2.5

3.6
5.3

plus

p- 0.2
plus others
P- 0.039

P- 1
P- 0.51

1.17
P- 0.61

plus

P- 0.80
1.04
1.22
1.49
1.61
2.14

P- 0.22

19%
81%

0.7%
99.3%

9%
13%
78%

others

89.4%

100%
5 to 3.6

95%
5%

87.2%
others

21%
15%
12%
12%
21%
18%

100%
P- 0.73 to 2.12

IT
P- 0.34

100%
99%

0.305
0.15
0.51

0.91
1.39
1.85
2.11
2.68

3
0.498

Gamma
energies
(MeV)

13%
78%

0.7%

15%
1.4%
23%

1%
2.5%

to 4.9 weak
88%

plus others

0.51 to 2.9

0.662 86%
via 2.6m Ba-137m

0.08
0.28
0.36
0.64
0.72
0.38
0.52
0.62
0.65
0.67
0.72
0.78
0.95
1.14
1.30
1.39

2.2%
6.3%
79%

9.3%
2.8%
4.8%

21.5%
5.2%
26%

100%
6.5%
84%
21%
5%
4%

8.5%
plus others

0.53
0.88
0.29
0.42
0.53
via 11

0.55
0.84
1.13
1.26
1.46
1.68
0.23

100%
5%

11.7%
12.5%

45%
5.3mXe-123m

24.8%
22.5%
76.4%
100%

30.4%
34.1%

95%
1-132 as above

0.23
0.081

13.5%
35.5%
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3.18.1 Air Concentrations using the Gamma Spectrometer

131,The following formula should be used to calculate the amount of I on a sample

1000(X-TU) „
ACD H

where:

X
T
U
X

c
D

Total counts in region of interest S-T in figure 6,
Counts per channel at channel T,
Number of channels between S and T (inclusive),
Total counts per kBq in region of interest S-T in figure 6 using a doped
Maypack,
Elapsed air sampling time (min), and
Pump flow rate (L/min).

All counts must be made for the same period of time. A typical counting time would
be about 100 seconds.

Figure 6
A Gamma Spectrum of an Air Sample

' I ' I r i i i i i i i i i i i i ii i i i i 1 I ' I ' I ' I ' I ' I ' I ' i ' |
Counts Per Channel

Per 100 Seconds

132|

U

i • i • i , 1 1 1 • i • i . i • i . 1 1 1 1 1 . 1 1 1 . i , 1 1 1 1 1 , i . i . i . i . i , i , r

25000

20000

15000

10000

5000

10 30 50 70 90 110 130150170190210230250270290310330350370390410^30^50470490510
CHANNEL NUMBER
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3.19 Contamination Monitoring at Contamination Control Points

Contamination control points should be specified in the Port Safety Arrangements
during the planning stages of a visit. These control points should be near Zone 1 and
would usually be located at port security control points.

The SRO is responsible for health physics coverage and arrangements for these points.
A water supply with a hose or other water facilities for use in decontamination of
persons and vehicles must be available at or near contamination control points.
Surface contamination on persons should be removed with soap and water.

Persons and vehicles leaving Zone 1 after an accident should, if necessary, be checked
for contamination using the pancake probe contamination monitor or other thin end
window GM detector.

The names and addresses of all contaminated persons, together with details of the
contamination, must be recorded by the survey team.

Contaminated items such as clothing, etc should be bagged, labelled and sealed and
retained in a safe place for later analysis, cleaning or disposal.
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3.20 Instrument Description Summaries

Full descriptive manuals for all instruments are provided with the kit. Basic
information about the operation of the Portable Gamma Radiation Dose Rate Meter
Type FAG FH 40 F2, and the Eberline Smart Portable type ESP-1 with SPA-3
Scintillation Probe is given in this section.

3.20.1 Portable Gamma Radiation Dose Rate Meter Type FAG FH 40 F2

Description
The FAG FH40F2 is a battery operated low level dose rate meter used for the
measurement of gamma radiation in the range 0.01 |iSv/h to 10 mSv/h. The detector is
a GM tube.

Energy Response
Within +/- 30% over the range 45 keV to 1.3 Mev.

Batteries
One 9 volt alkali-manganese battery conforming to IEC 6 LF 22, giving a minimum
life of 70 hours continuous use (without scale illumination).

Operation
The meter is switched on using the on/off button. The meter's internal microprocessor
automatically carries out a test program. If a fault in program execution is detected
during the test, "Err" (error) will appear on the display. This prevents the use of a
defective meter.

During operation the microprocessor continuously checks the battery voltage. If this
drops below a value of 6V, the battery symbol will flash in the display. As soon as the
battery is no longer sufficient for operation, the "Err" symbol and the battery symbol
are visible simultaneously.

The FAG dose rate meter may be operated as a dosemeter with audible alarm at the
same time as it is measuring dose rates. The alarm level has been set at 10 mSv. The
instrument must be left switched on continuously for an accurate dose assessment to
be made. The instrument alarm signal will be heard for several seconds when the
preset alarm level is reached and again every 10 mSv after that. The total accumulated
dose may be read at any time by depressing the illumination button for 2 or 3 seconds.
This value is retained even if the instrument is switched off.

Battery Change
To open the battery compartment, undo the screw on the back of the meter with a coin
or a screwdriver and pull back the metal cover. Connect a 6 LF 22 9 volt battery to the
cable connector in the meter. It is not possible to connect the battery with the wrong
polarity. Close the battery compartment cover and screw back into position.
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3.20.2 Eberline Smart Portable Type ESP-1 with SPA-3 Scintillation Probe

Description
The Eberline Smart Portable (ESP-1) is a microprocessor-based portable radiation
survey instrument connected to an Eberline SPA-3 scintillation probe. The probe
utilises a 5.1 cm long by 5.1 cm diameter Nal(Tl) scintillation crystal and is therefore
very sensitive to low levels of gamma radiation. A typical background reading would
be about 300 cps. The instrument has been set up to read in counts per second. The
readout will be in scientific notation, so that 300 cps will appear as 3.00 + 02 cps. It is
important to remember that all readouts which are transmitted over the radio or mobile
telephone should be stated as whole numbers.

Energy Response
The response is broad band from about 60 keV to over 2 MeV. The wall material of
the probe is aluminium of 0.32 cm thickness around the probe and 0.16 cm at its face.
The sensitivity of the probe to 1-131 gamma rays is indicated on a sticker on the
instruments. The number represents counts per second above background per kBq of
1-131 in the Maypack geometry.

Batteries
The ESP-1 uses six "C" cell batteries. These provide approximately 250 hours of
continuous use (excluding display lighting). The ESP-1 senses low battery condition
automatically and signals the user by blinking the first character on the display. This
indicates that at least four hours of operation remain before the end of battery life. To
replace the battery, turn the instrument off. Place the ESP-1 face down, exercising
caution with the push buttons to prevent accidentally turning the instrument on.
Remove the large screw in the bottom cover and remove the cover. Install six fresh
"C" cell batteries, observing polarity as shown in the battery compartment. Reinstall
the bottom cover and secure it with the screw.

Operation
The ESP-1 is simple and straight forward in its operation. Turn the ESP-1 on by
pressing the ON/OFF button to obtain a display. All functions have been preset and
do not need to be adjusted. If you wish to activate the speaker for audio feedback,
press "SPKR"; to activate the display light in low conditions, press "LIGHT".

Function Check
Press the "ON/OFF" switch, causing the LCD readout to show the bar graph on the
first line and the numerical value of the count rate on the second line. If the first
character of the line is steady, then the battery output is adequate, otherwise replace
the batteries. Press the "RESET" button. If the bar graph is displayed and varying, the
ESP-1 is working. Press and hold down the "LIGHT" switch to illuminate the display.
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4.0 GENERAL INFORMATION

4.1 Effects of Acute Exposures of the Whole Body

Probable early effects from acute whole body doses are given in Table 9:

Table 9
Doses for Acute Biological Effects

Dose range (mSv)

0 - 250
250 - 500
500 - 1000
1000 - 2000
2000 - 3000
3000 - 5000

5000 or more

Acute biological effect

No effects
Possible blood changes but no serious injury
Blood-cell changes, some injury, no disability
Injury, possible disability
Injury and disability certain, nausea and vomiting, death possible
Fatal to 50% within 60 days (without medical treatment)
Nausea, vomiting and diarrhoea, fatalities greater than 90%
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4.2 Emergency Intervention Levels to Protect the Public

Attempts may be made, during an NPW reactor accident, to remove the NPW involved
to a remote location away from populated areas within hours of the onset of the
accident. However, it would be necessary for the SRO to consider recommending
actions to protect members of the public for the duration of the accident. The
recommendations below are included in this handbook to assist the SRO in making
decisions to protect members of the public.

It is the policy of the Visiting Ships Panel, Nuclear (VSPN) to comply with the current
recommendations of the National Health and Medical Research Council (NH&MRC).
At the time of drafting this revised edition of the radiation monitoring handbook, the
relevant NH&MRC recommendations are:

1. Interventions in emergency situations involving radiation exposure
NHMRC(1990)

2. Policy on stable iodine prophylaxis following nuclear reactor accidents
NHMRC(1989)

Table 10 details the possible countermeasures and table 11 details the recommended
dose ranges for primary intervention levels given in the NHMRC guideline.

Figures 7 to 20 present tables extracted from NHMRC(1990) for quick reference in
this handbook.
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Table 10
Possible Countermeasures in the Near Field:

Early and Intermediate Phases ( extract from Table I NHMRC 1990)

Potential exposure pathway

External exposure

1. Directly from the source
2. From radionuclides in the air
3. From radionuclides deposited

on the ground

4. From radioactive contamination
on the body and clothing

Internal exposure

1. From inhalation of
radionuclides in the air

2. From inhalation of resuspended
material

3. From ingestion of contaminated
food and water.

Accident phase

Early
Early
Early

Intermediate

Early and Intermediate

Early

Early and Intermediate

Intermediate

Counter-measure

Sheltering, evacuation, control of access
Sheltering, evacuation, control of access.
Sheltering, evacuation, control of access.
Relocation, decontamination of land and
property.
Sheltering, evacuation, control of access,
decontamination of skin and clothing.

Sheltering, evacuation, control of access,
administration of stable iodine, simple
respiratory protection.
Sheltering, evacuation, relocation,
decontamination of land and property, simple
respiratory protection.
Controls over food and water supplies.

Table 11
Dose Ranges for Primary Intervention Levels

(extract from Table II NHMRC 1990)

A. General public

Countermeasures
Early phase
Sheltering
Stable iodine
Evacuation

Intermediate phase
Relocation
Control of foodstuffs

B. Individuals involved in
rescue operations.

Organ
Whole body
Bone marrow
Skin
Lung
Thyroid

Whole body dose or effective
dose equivalent (mSv)

lower level

5
-

50

50
5

upper level

50
-

500

500
50

Dose or effective dose
equivalent (mSv)

500
1000
3000
5000
10000

Single organ

lower level

50
50
500

-
50

dose (mSv)

upper level

500
500
5000

_
500
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Figure 7
Basic Principles for Intervention
NHMRC (1990) paras 21 to 30

BASIC PRINCIPLES FOR INTERVENTION
21. Given that the source of exposure in an emergency situation is not

under control, the ICRP system of dose limitation^1) is not directly
applicable. Nevertheless, it is agreed in all international
guidance^2-3-4-5) that the principles which underlie these ICRP
recommendations can be used for planning and implementing
countenneasures for protection of the public. These principles
consider the limitation of both individual risk and collective risk.

22. The basic principles underlying the criteria for planning
countenneasures in the event of an accident are:(2)

(a) serious non-stochastic effects should be avoided by the
introduction of countermeasures to limit individual dose to
levels below the thresholds for these effects:

(b) the risk from stochastic effects should be limited by introducing
countermeasures which achieve a positive net benefit to the
individuals involved; and

(c) the overall incidence of stochastic effects should be limited, as
far as reasonably practicable, by reducing the collective dose
equivalent.

23. It is apparent from principles (a) and (b) that the level of individual
dose is of primary importance in deciding upon the introduction of
countermeasures. Countermeasures derived on the basis of limitation
of individual risk are intended to be applicable to the most highly
exposed individuals, generally within a short time of the release and
within a relatively short distance from the source. Principle (a) calls
for the implementation of countermeasures to avoid high levels of
dose which could produce non-stochastic health effects. Below these
dose levels, principle (b) would be implemented to establish an
intervention level appropriate for protection of the individual from
stochastic effects. Implementation of principle (b) is accomplished
by comparing the reduction in individual dose, and therefore
individual risk, that would follow the introduction of a
countermeasure with the increase in individual risk resulting from
the introduction of that countermeasure.&)

24. Principle (c) implies that collective detriment is also an important
consideration for emergency response, but that it is primarily to be
applied to cost-benefit considerations at the stage of withdrawal of
countermeasures. The source-related assessment inherent to
principle (c) may be implemented by cost-benefit analysis techniques
and would be similar to a process of optimisation in that the social
cost of a decrease in the health detriment in the affected population
is balanced against the cost of further couritermeasures.^2-6'

25. Intervention levels established in respect of principle (a) should be
expressed as the total projected dose arising from any exposure.
Although perhaps not fully accurate in terms of radiobiology, this
procedure is seen as necessary from the practical point of view.
When the intervention level is established on the basis of principle
(b), the risk resulting from the implementation of countermeasures
should be weighed against the reduced risk of the averted dose by
the implementation of the specific countermeasure.
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Figure 7 continued
Basic Principles for Intervention
NHMRC (1990) paras 21 to 30

26. When the intervention level is established on the basis of principle
(c). the collective risk is the determining factor and the relevant
intervention level should be expressed as the average individual dose
over the particular segment of the population being considered.

27. The 50-year committed effective dose equivalent and the 50-year
committed organ dose equivalent are the most relevant doses to use
as the basis for emergency response. The period for exposure or
intake used as the basis for making dose projections depends on the
particular countermeasures and their duration of application, as well
as the time evolution of the radiological impact. For evacuation, this
period can be hours or days, while for food control, it can be months
or years.

28. Two primary consequences of any countermeasures implemented by
a public authority may be characterised as those relating to public
protection (i.e. the objectives of countermeasures), and those relating
to other impacts of the countermeasures (i.e. disruption of normal
social conditions; economic costs). Adoption of a given
countermeasure should involve a consideration of the balance
between the degree of public protection to be achieved and the
extent of social and economic disruption (entailing residual risks and
costs) that are introduced by the implementation of that measure. In
fact, international recommendations adopt, as a general philosophy
for decision making, the concept that the social cost and detriment,
in terms of both harm to individuals and collective detriment,
associated with the implementation of countermeasures should be
less than if the countermeasures were not implemented.

29. The decision-making process in an emergency response plan
generally involves an evaluation of the possible consequences of the
emergency in the context of decision criteria and constraints, an
identification and evaluation of alternative countermeasures and the
selection of appropriate responses. The bases for these evaluations
are radiological criteria, which take into account a set of principles,
objectives and primary intervention levels. Primary intervention
levels (PILs) specify levels of radiation dose to individuals projected
over a given period of time and indicate the situations where specific
countermeasures are to be applied.

30. Secondary criteria, in the form of derived intervention levels (DILs).
are prescribed for external exposure and for internal exposure, the
latter being usually specified as the concentration of activity of a
given radionuclide in an environmental medium or various foodstuffs.
The DILs, on the basis of specific assumptions on transfer to humans
and on dosimetric modelling, correspond to the relevant PILs.
Measurements of dose rates in air or concentrations of radioactive
materials in the environment or in foodstuffs can be compared with
the DILs to provide a quick determination of the need for
countermeasures. Although the use of radiological criteria can
provide a good quantitative basis for the selection of emergency
responses, it is recognised that non-radiological criteria (e.g. some
socio-economic factors; political/legal constraints) may form an
integral part of the decision-making process and may serve to modify
any such selection.

NPW Radiation Monitoring Handbook Version 1.0 Authorised 7 September 1995 VoJr(IN)



51

Figure 8
Useful Quantities for Derived Intervention Levels

NHMRC (1990) Table HI

TABLEm

USEFUL QUANTITIES FOR DERIVED INTERVENTION LEVELS
(DILs)

Relevant exposure pathways Derived quantity

External gamma Irradiation from
radlonuclldes In the air and from
deposited material.

Inhalation of radionuclides in the air.
External beta Irradiation from
radionuclides In the air and
deposited on the skin.

Inhalation of resuspended material.
External beta and gamma Irradiation
from deposited material.

Ingestlon of foodstuffs or drinking
water.

External gamma dose rate at
1 m height (Sv.s*1)

Time integral of radionuclide
concentration In air (Bq.s.m*2)

Ground deposits of radlonuclldes
(Bq.m-2)

Concentration of radionuclides in
foodstuffs, pasture or drinking water
(Bq.kg-1)
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Figure 9
Derived Intervention Levels for Emergency Situations:

External Gamma Doses from Radionuclides Deposited on the Ground.
NHMRC (1990) Table IV

TABLE IV

DERIVED INTERVENTION LEVELS FOR EMERGENCY SITUATIONS:
EXTERNAL GAMMA DOSES FROM RADIONUCLIDES DEPOSITED ON

THE GROUND

Quantity
measured

Concentration of radionuclides
deposited on the ground

Unit Bq nr2

Accident phase Early Intermediate

Countermeasure Evacuation Relocation

Gamma dose rate at
1 metre above the ground

S v s 1

Early Intermediate

Evacuation Relocation

Radionuclide

Zr-95
Nb-95
Ru-103
Ru-106
Te-132
1-131
1-132
1-133
1-135
Cs-134
Cs-137
Ba-140
Ce-144
Np-239
Pu-238
Pu-239
Pu-240
Pu-241
Am-241
Cm-242
Cm-244

Prior to
identification

1.5
1.5
2
5
8
3
2.5
9
1
7
2
7
2
1
5
8
5
2.5
4
4
2.5

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

x
X

X

X

1 0 8

1 0 8

1 0 8

10 8

107

1O8

1 0 9

1 0 8

109
1 0 7

1 0 8

1 0 7

109
109
1 0 "
1011

1 0 "
101 3

109
i o n
1 0 "

1 0 8

Derived intervention levels*

6
2
2.5
1.5
6
1.5
2.5
8
1
1.5
4
1.5
6
9
1
1.5
1
9
9
1.5
6

x 106

x 107

x 107

x 107

x 107

x 108

x 109
x 108

x 109

x 106

x 106

x 107

x 107

x 108

x 10™
x 1010

x lO 1 0

x 10™
xlO 7

x 10*0
x 109

1 0 8

8
9
9
8
2
1
4
5
1
8
8
1
4
2
8
8
8
5
8
8
8

x lO'8

x lO-8

x 10'8

x 10'8

x 10'8

x 10'7

x 10-6

x 10'7

x lO'6

x 10'8

x 10"8

x 10"8

x 10"8

x 10-7

x 10'8

x 10"8

x 10"8

x 10-8

x lO"8

x 10"8

x 10"8

lO'7

3
1
1
2.5
1.5
5
4
4
1
2
1.5
3
1.5
1.5
2
2
1.5
2
1.5
3
2

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

K

X

X

X

X

X

10-9
io-8

lO" 8

10-9
lO'8

io-8

10"6

io-7

10"6

10"9
10"9
10-9
10-9
io-7

10"9

10"9

io-9

io-i°
lO-9

10-9
lO-9

10-9

These values should be divided by the appropriate shielding factor in table VIII.
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Figure 10
Derived Intervention Levels for Emergency Situations:

Inhalation of Radionuclides
NHMRC (1990) Table V

TABLE V

DERIVED INTERVENTION LEVELS FOR EMERGENCY SITUATIONS:
INHALATION OF RADIONUCLIDES

Exposure pathway

Quantity measured

Unit

Accident phase

Countermeasure

Radionudlde

Sr-89
Sr-90
Zr-95
Ru-103
Ru-106
Te-132
1-131
1-132
1-133
1-135
Cs-134
Cs-137
Ba-140
Ce-144
Np-239
Pu-238
Pu-239
Pu-240
Pu-241
Am-241
Cm-242
Cm-244
Prior to
identification
(a)
(b)

Inhalation <>f plume

Time integral of
radlonudlde
concentration in air

Bqs

Early

Evacuation

7 x 1010

3 x 109

2.5 x 1010

6 x 1010

1 xlO 9

2 x 1010

4 x 109

7 xlO 1 1

2.5 x 1010

1.5 x 1011

1.5 x lO 1 0

2.5 x 1010

1.5 x 1011

1.5 x 109

2 xlO1 1

2.5 xlO 6

2.5 x 106

2.5 x 106

1.5 x 108

1.5 x 106

3 xlO7

3 x 106

10 6

10 9

m - 3

Early

Shelter

Radionuclides resuspended
from the ground
Concentration of
radionuclides
deposited on the ground

BqnT2

Early

Evacuation

Derived intervention levels

7 xlO 9

3 x 108

2.5 x 109

6 x 109

1 x 108

2 x 109*
4 x 108'
7 x i o io .
2.5 x 109'
1.5 x 1O10*
1.5 x 109

2.5 x 109

1.5 x 1O10

1.5x 108

2 x 1010

2.5 x 105

2.5 x 105

2.5 x 105

1.5 x 107

1.5 x 105

3 x 1O6

3 x 105

105

108

5 x 109

4 x 106

4 x 106

4 x 106

2.5 x 108

2.5 x 106

5 x 107

5 x 106

106

109

Intermediate

Relocation

3 x lO 8

2 x 105

2 x 105

2 x lO 5

1.5 x 107

1.5 x 105

3 x lO 6

2.5 x 105

10 s

108

•Stable iodine would also be administered at these concentrations.
(a) if actinides are likely to be present
(b) if actinides are known not to be present
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Figure 11
Derived Intervention Levels for Restricting Foodstuffs:

Ingestion of Fresh Foodstuffs
NHMRC (1990) Table VI(a)

TABLE VI(a)

DERIVED INTERVENTION LEVELS FOR RESTRICTING FOODSTUFFS:
INGESTION OF FRESH FOODSTUFFS

Fresh
foodstuff

Radionuclide

Sr-89
Sr-90
Zr-95
Ru-103
Ru-106
1-131
1-133
Cs-134
Cs-137
Ce-144
Pu-239
Pu-241
Am-241
Cm-242
Cm-244

Prior to

Milk

Peak
concentr. in

milk

(Bq.L1)

2
1
1
1
1
2
3
1
2
1
2
1
2
3
2

identification
(a)
(b)

x 104

.5x 103

x 105

XlO5
x 104

x 103

x 104

,5x 104

x 104

x 104

x 101

,5x 103

x 10*
x 102

.5x 101

101
10 4

Milk products

Peak
concentr. in
pasture grass

(Bq.kg1

fresh weight)

9
5
7
4
4
7
4
6
9

x 105

x 104

x 107

x 109

x 108

x 103

x 105
x 104

x 104

1.5 x 107

4
3
4
8
6

x 108

x 1010
x 106

x 107

x 106

104

104

Peak
concentr. hi
milk product

(Bq.kgl
fresh weight)

3 x 105

2 x 104

1.5 x 106

2 x 106

1.5 x 105

3 x 1O4

5 x 105

1 x 105

1 x 105

2 x 105

2 x 102

1 x 104

2.5 x 102

6 x 103

4 x 102

10 2

10 5

Exposed fruit
and vegetables

Peak
concentr.in
fruit & veg.

(Bq.kg-l
fresh weight)

1.5 x 105.f
1.5 x lOlf
5 x lO5.!
6 x lOS.f
5 x lOlf
1.5 x lOli
4 x 105.f
4 x lOlf
5 x lOlf
6 x lO4 .!
4 x lO^f
4 x lOe.f
8 x lO^f
1 x lfXf
1.5 x 103.f

lO^f
lfAf

NOTE: f is the ratio of the nuclide concentration in the foodstuff in a form in
which it Is measured (and for which the DIL applies) to the
concentration in the foodstuff consumed.

(a) if actinides are likely to be present
(b) if actinides are known not to be present
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Figure 12
Derived Intervention Levels for Restricting Foodstuffs:

Ingestion of Fresh Foodstuffs
NHMRC (1990) Table VI(a) continued

TABLE VI(a) Confd

DERIVED INTERVENTION LEVELS FOR RESTRICTING FOODSTUFFS:
INGESTION OF FRESH FOODSTUFFS

Fresh
foodstuff

Radionudide

Sr-89
Sr-90
Zr-95
Ru-103
Ru-106
1-131
1-133
Cs-134
Cs-137
Ce-144
Pu-239
Pu-241
Am-241
Cm-242
Cm-244

Prior to

Other fruit
and vegetables

Peak
concentr. In
fruit or veg.

(Bq.kg-1
fresh weight)

3
8
8
1.
4
9
3
3
3
4
4
2
4
6
7

identification

(a)
(b)

X 104-f
x 102.f
x lO^f

.5 x 105.f
x lCP.f
x lO^f
x lOS.f
x lOS.f
X 1(P.{
x lOS.f
x lOKi
x lCP.f
x lO^f
x 102.f
x 10x.f

1 0i f

lO^f

Peak
concentr. in
meat

(Blq.kgl
fresh weight)

8
5
2.
1
5
1
2
7
1
4
4
2
4
1.
8

x 104

x 103

5 x 105

x 105

x 103

x 104

x 105

x 103

x 104

x 103

x 1O1

x 103

x 103

, 5x 103

x 1O1

1O2

10 4

Meat etc

Peak
concentr.In
pasture grass

(Bq-kg"1

fresh weight)

2 x 107

1 x 106

3 x 107

9 x 107

2.5 x 106

1 x 105

9 x 106

3 x 104

4 x 104

3 x 107

2 x 107

1 x 109

2 x 105

7 x 106

4 x 105

10 4

10 4

Water and
beverages

Peak
concentr. In
drinking water
or beverage

(Bq.L-1)

7 x 103

1.5 x 102

1.5 x 104

3 x 104

7 x 102

1.5 x 103

7 x 104

6 x 102

7 x 102

8 x 102

4 x 102

4 x 1O4

8 x 10°
1 x 102

1.5 x 101

1O1

10 3

NOTE: f is the ratio of the nucllde concentration in the foodstuff in a form in
which it is measured (and for which the DIL applies) to the
concentration in the foodstuff consumed.

(a) if actinides are likely to be present
(b) if actinides are known not to be present

NPW Radiation Monitoring Handbook Version 1.0 Authorised 7 September 1995 VSP(N)



56

Figure 13
Derived Intervention Levels for Restricting Foodstuffs:

Ingestion of Preserved Foodstuffs
NHMRC (1990) Table VI(b)

TABLE VI(b)

DERIVED INTERVENTION LEVELS FOR RESTRICTING FOODSTUFFS:
INGESTION OF PRESERVED FOODSTUFFS

Preserved
foodstuff

Radionuclidc

Sr-89
Sr-90
Zr-95
Ru-103
Ru-106
1-131
1-133
Cs-134
Cs-137
Ce-144
Pu-239
Pu-241
Am-241
Cm-242
Cm-244

Prior to
identification

(a)
(b)

Milk

Concentr. in
milk at time
of
preservation

(Bq.L-l)

7 x 103

1.5x 102

1.5x 1O4

3 x 104

7 x lO 2

1.5 x 103

7 x 104

1 x 1O3

1.5 x 103

8 x 102

1 x 101

8 x 102

1 x 101

1 x 102

1.5 x 101

101

10 3

Milk products

Corresponding
peak concentr.
in pasture
grass

(Bq.kgi
fresh weight)

3 x 105

7 x 103

1 x 107

1 x 109

2.5 xlO7

6 x 1O3

7 x 105

6 xlO3

7 x 1O3

8 x 105

2.5 x 108

2 x 1010

2.5 x 106

3 x 107

3 x 106

104

104

Concentr. in
tnilfc products
at time of
preservation

(Bq.kgl)

1 x 105

2.5 x 103

2.5 x 105

5 x 105

1 x 104

2.5 x 104

1 x 106

9 x 103

1 x 104

1.5 x 104

1.5 x 102

7 x 1O3

1.5 x 102

2 x 103

2.5 x 102

10 2

10 4

Exposed fruit
and vegetables

Concentr. in
fruit or veg.
attune of
preservation

(Bq.kg-l)

3 x Kr^.f
8 x lO2!
8 x lO4!
1.5 x 105.f
4 x l O 3 !
9 x l(fi.i
3 x lCP.t
2.5 x l(fiS
4 x 1<P.{

4 x l&S
2 x lO^f
2 x lO 5 !
4 x 10!.f
6 x 102.f
7 x 10U

lO2.!
102.f

NOTE: f is the ratio of the nucllde concentration in the foodstuff in a form in
which it is measured (and for which the DIL applies) to the
concentration in the foodstuff consumed.

(a) if actinides are likely to be present
(b) If actinides are known not to be present
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Figure 14
Derived Intervention Levels for Restricting Foodstuffs:

Ingestion of Preserved Foodstuffs
NHMRC (1990) Table VI(b) continued

TABLE VI(b) Cont'd

DERIVED INTERVENTION LEVELS FOR RESTRICTING FOODSTUFFS:
INGESTION OF PRESERVED FOODSTUFFS

Preserved
foodstuff

Radlo-
nuclide

Sr-89
Sr-90
Zr-95
Ru-103
Ru-106
1-131
1-133
Cs-134
Cs-137
Ce-144
Pu-239
Pu-241
Am-241
Cm-242
Cm-244

Prior to

Other fruit
and vegetables

Concentr. In
fruit or veg.
at time of
preservation

(Bq.kg"1

fresh weight)

3 x lCr .̂f

8 x 102.f
8 x lOlf
l.SxlOS.f
4 x 103.f
9 x lCP.f
3 x lOS.f
3 x lCP.f
3 x ICfi.i
4 x lO3!
4 x 10].f
2 x lO3!
4 x lO^f
6 x 102.f
7 x l O 1 !

identification

(a)
(b)

lO^f
lO 3 !

Meat etc

Concentr. in
meat,etcat
f4tn^ of
preservation

(Bq.kg-1
fresh weight)

3 x 104

7 x 102

7 xlO4

1.5 x 105

4 x 103

9 xlO3

4 x 105

1.5 x lO 3

2 x 103

4 x 103

3 x 101

1.5 x 103

2.5 x 101

6 x 102

5 x 101

101
103

Corresponding
peak concentr.
in pasture

1

1

2
1
1
2
1
2
7
8
3
1.
6
1
3
2

(Bq.kg-1

fresh weight)

x l O 7

x 105

xlO7

xlO8

x 106

x 105

xlO7

xlO3

x 103

x 107

5 x 107

x 108

x 105

x 106

x 105

104

104

Grain

Concentr.
ingrain at
time of
preservation

1

3
7
7
1.
4
9
3
2.
3
4
3
2
3
6
5

(Bq.kg-1

resh weight)

x 104.f
x 102.f
x 104.f

.5 x 105.f
x 103.f
x 103.f
x 105.f.

.5 x lCP.f
x 103.f
x 103.f
x lO^f
x 103.f
x 10U
x 102.f
x 1 0 l f

Beverages

Concentr. in
fruit or veg.
at time of
preservation

(BqX-1)

7 x l O 3

1.5 XlO 2

1.5 x 104

3 xlO4

7 xlO2

1.5 x 1O3

7 x 104

6 xlO2

7 x 102

8 x 102

4 x 102

4 x 104

8 x 10°
1 x 102

1.5 x 101

101

103

NOTE: f is the ratio of the nuclide concentration in the foodstuff in a form in
which it is measured (and for which the DIL applies) to the
concentration in the foodstuff consumed.

(a) if actinides are likely to be present
fb) if actinides are known not to be present
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Figure 15
External Gamma Doses for Unit Deposit of Radionuclides

NHMRC (1990) Table VII

TABLE VH

EXTERNAL GAMMA. DOSES FOR UNIT DEPOSIT OF RADIONUCLIDES

Radionuclide Dose rate at time
of deposition

Dose integrated
to 7 days

B

(Sv.8*1 per Bq.m"2) (Sv per Bq.m"2) (Sv per Sv.8"1)

Zr-95
Nb-95
Ru-103
Ru-106
Te-132
1-131
1-132
1-133
1-135
Cs-134
Cs-137
Ba-140
Ce-144
Np-239
Pu-238
Pu-239
Pu-240
Pu-241
Am-241
Cm-242
Cm-244

6.0 x 10"16

6.2 x 10-16

4.1 x 10-16

1.7 x 10"16

2.4 x 10-16

3.6 x 10"16

1.8 x lO"15

5.1 x 10"16

1.1 x 10'15

1.3 x 10-15

4.7 x 10"16

1.6 x 10-16

2.2 x 10 1 7

1.9 x 10"16

1.6 x 1 0 1 9

1.1 x 10"19

1.6 x 10"19

2.1 x 10"21

1.9 x 10"17

1.9 x 10"19

3.1 x 10"19

3.7 x 1 0 1 0

3.5 x lO"10

2.3 x 10"10

1.0 x 10"10

6.4 x 10 1 0

1.6 x 10"10

2.2 x 10-H
5.8 x 10"11

5.0 x 10"11

7.7 x 10"10

2.8 x 1O"10

6.7 x 10-10

2.7 x lO"11

5.0 x 10"11

9.9 x 10"14

6.4 x 10"14

9.8 x 10"14

2.1 x 10"15

1.1 x 10"11

1.2 x 10"13

1.8 x 10"13

6.2 x 105

5.6 x 105

5.7 x 105

6.0 x 105

2.7 x lO 6

4.5 x 105

1.2 x 104

1.1 x 105

4.4 x 104

6.0 x 105

6.0 x 105

4.1 x 106

1.2 x 106

2.6 x 105

6.0 x lO 5

6.1 x 105

6.0 x 105

1.0 x 106

6.0 x 105

6.0 x 10s

6.0 x 105
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Figure 16
External Gamma Doses for Unit Deposit of Radionuclides

NHMRC (1990) Table VII continued

TABLE Vn (Confd)

Radionucttde Dose Integrated to

Zr-95
Nb-95
Ru-103
Ru-106
Te-132
1-131
1-132
1-133
1-135
Cs-134
Cs-137
Ba-140
Ce-144
Np-239
Pu-238
Pu-239
Pu-240
Pu-241
Am-241
Cm-242
Cm-244

lyear

D
(Sv per Bq.nr2)

9.1 x lO 9

2.7 x lO-9

2.0 x 10-9

3.7 x lO-9

8.4x10-1°
3.6 x 10-1°
2.2x10-11
6.0 x 10-H
5.0 x 10-11
3.2 x lO-8

1.4 x lO-8

2.9 x lO 9

8.9 x 10 1 0

5.7 x 10-H
4.6 x 10-12
3.1 x 10-12
4.6 x 10-12
5.9 x 10-13

5.5 x 10-1°
2.9 x 10-12
8.6 x 10-12

E
(Sv per Sv.s*1)

1.5 x 107

4.3 x 106

4.8 x 106

2.2 x 107

3.5 x 106

1.0 xlO6

1.2 x 104

1.2 x 105

4.4 x 104

2.5 x 107

2.9 x 107

1.8 x 107

4.0 x 107

2.9 x 105

2.8 x 107

2.9 x 107

2.8 x 107

2.9 x 108

2.9 x 107

1.5 x 107

2.8 x 107

Dose Integrated to
60 years

F
(Sv per Bq.nr2)

9.4 x lO-9

2.7 x lO-9

2.0 x 10"9

6.8 x lO-9

8.4 x 10"10

3.6 x 10-1°
2.2x10-11
6.0 x 10-H
5.0 x 10-11
9.1 x lO-8

1.5 x 10"7

2.9 x 10 9

1.4 x lO-9

5.7 x 10-H
2.4 x 10-H
2.8 x 10-n
2.6 x 10-1!
7.6 x 10-n
5.8 x lO-9

3.5 x 10-12

5.6 x 10-H

G
(Sv per Sv.s"1)

1.6 x 107

4.3 x 106

4.8 x 106

3.9 x 107

3.5 x 106

1.0 x 106

1.2 x 104

1.2 x 105

4.4 x 104

7.1xlO7

3.3 x 108

1.8 xlO 7

6.3 x 107

2.9 x 105

1.5x108
2.7 x 108

1.6 x 108

3.7 x 101°
3.1 x 10s

1.8 x 107

1.8 x 10s
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Figure 17
Committed Dose Equivalents for Unit Intake by Inhalation

NHMRC (1990) Table IX

TABLE IX

COMMITTED DOSE EQUIVALENTS FOR UNIT INTAKE BY INHALATION

Radionuclide Lung class Committed effective (or thyroid)
dose equivalent (Sv/Bq)

Infant Child Adult
(1 year old) (10 year old)

Sr-89
Sr-90
Zr-95
Ru-103
Ru-106

Te-132
1-131
1-132
1-133
1-135
Cs-134

Cs-137
Ba-140
Ce-144
Np-239
Pu-238
Pu-239
Pu-240
Pu-241

Am-241
Cm-242

Cm-244
Prior to
identification

(a)
(b)

D
D
D
Y
Y

D
D

D
D
D
D

D
D
Y
W

Y
Y

Y

Y
W
W

W

1.2 x 10'8

2.1 x 10'7

2.9 x 10"8

1.3 x 1 0 8

7.8 x lO"7

(4.8 x 10"7)
(2.3 x 10"6)
(1.6 x 10"8)
(4.6 x 10"7)
(7.8 x 10"8)
1.1 x 10"8

9.1 x 10 9

5.9 x 10"9

6.1 x 10-7

4.0 x l O 9

1.9 x 10'4

1.9 x 10'4

1.9 x 10'4

1.9 x 10'6

2.4 x 10"4

2.8 x 10-5

1.8 x 10"4

10"*
lO"8

3.9 x 10"9

8 .1x 10"8

1.1 x 10"8

4.6 x 10"9

2.6 x 10"7

(1.3 x 10"7)
(7.4 x 10"7)
(4.2 x 10"9)
(1.2 x lO"7)
(2.1 x 10"8)
1.1 x 10 8

8.0 x 10"9

2.1 x 10-9

2.0 x 10'7

1.4 x 109

9.8 x 10-5

1.0 x 10"4

1.0 x 10-4

1.4 x 10"6

1.3 x 10"4

9.4 x 10"6

8.3 x 10"5

10"4

io-9

1.6 xlO"9

5.7x lO 8

5.1 x lO 9

2.1 x 10"9

1.2 x 10"7

(4.2 x 10"8)
(2.7 x 10"7)
(1.6 x 10"9)
(4.4 x 10"5)
(7.6 x 10"9)
1.1 x 10"8

7.7 x 10"9

9.6 x 10"10

9.5 x 10-8

6.0 x 10 1 0

7.5 x 10"5

8.0 x 10"5

8.0 x 10"5

1.3 x 10"6

1.2 x lO"4

4.5 x 10"6

6.5 x 10'5

10"5

10"9

NOTE: The values are the committed effective dose equivalent, with the exceptions of the
tellurium and iodine isotopes, for which the values are committed thyroid dose
equivalents. For the iodine and tellurium Isotopes considered, the thyroid
intervention level of dose is the most restrictive in determining the DIL. subject to
the adoption of the intervention levels of dose in table II. The parentheses signify
that thyroid doses are quoted. Doses estimated for intake as an aerosol of 1 \xm
activity median aerodynamic diameter (AMAD).
(a) if actinides are likely to be present
(b) if actinides are known not to be present
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Figure 18
Committed Dose Equivalents for Unit Intake by Ingestion

NHMRC (1990) Table X

TABLE X

COMMITTED DOSE EQUIVALENTS FOR UNIT INTAKE BY INGESTION

Radlonuclide

Sr-89
Sr-9O
Zr-95
Ru-103

Ru-106
1-131
1-133
Cs-134

Cs-137

Ce-144
Pu-238

Pu-239
Pu-240
Pu-241

Am-241
Cm-242
Cm-244
Prior to
identification
(a)
(b)

Gut transfer
fraction

3 x 10 1

3 x 10 1

2 x lO"3

5 x lO-2

5 x lO-2

1

1

1

1

3 x 10"4

1 x 1 0 5

1 x 10"5

1 x 10"5

1 x 10"5

1 x 10"3

1 x lO-3

1 x 10"3

Committed effective (or thyroid) dose
equivalent (Sv/Bq)

Infant
(1 year old)

1.5 x 10"8

1.2 x 10"7

5.0 x 10"9

4.3 x 10"9

4.0 x 10"8

(3.7 x 10"6}
(8.6 x 10-7)
1.7 x 1 0 8

1.3 x 10'8

3.7 x 10"8

4.9 x 10"8

4.7 x 10"8

4.7 x lO"8

3.9 x 10'10

1.9 x 10"6

1.8 x 10"7

1.4 x 10"6

io-6

io-8

Child
{10 year old)

5.2 x 10"9

4.6 x 10-8

1.9 x 10-9

1.6 x 10"9

1.3 x 10-8

(1.2 x 10"6)
(2.3 x lO"7)
1.7 x 10"8

1.2 x 10"8

1.3 x 10"8

2.0 x 1 0 8

2.1 x 10 8 -
2.1 x lO"8

2.4 x 1 0 1 0

1.1 x 10"6

6.3 x 1 0 8

6.6 x 10-7

10"8

10"8

Adult

2.2 x 10"9

3.3 x 10- 8

9.2 x 10"10

7.4 x 10"10

5.8 x 10"9

(4.4 x 10"7)
(8.3 x 10-8)
1.7 x lO"8

1.2 x 10"8

5.4 x 10"9

1.3 xlO"8

1.4 x 10"8

1.4 x 1 0 8

2.1 x 1 0 1 0

9.8 x 10"7

3.0 x 1 0 8

5.4 x 10'7

10"8

l O 8

NOTE: Radlonuclldes are assumed to be In oxide form apart from Iodine Isotopes
(elemental). For other chemical forms different doses may be appropriate. This Is
particularly important for isotopes of plutonlum where the doses may be up to
about one hundred times higher for more soluble or biologically Incorporated
forms.
The values given are the committed effective dose equivalents, with the exception
of the two Iodine Isotopes, for which the values are committed thyroid dose
equivalents. For the iodine Isotopes considered, the thyroid Intervention level of
dose Is the most restrictive In determining the DIL. subject to the adoption of the
Intervention levels of dose In table n. The parentheses signify that the thyroid
doses are quoted.
(a) If actlnides are likely to be present
fb) if actlnldes are known not to be present
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Figure 19
Assumed Breathing Rates of the Exposed Individuals

NHMRC (1990) Table XI

TABLE XI

ASSUMED BREATHING RATES OF THE EXPOSED INDIVIDUALS

Age of
Individual TnTinintlnrt rate

One year 3.8 x 103 4.4 x 1 0 5

Ten years 1.5 x 104 1.7 x 1O"4

Adult 2.3 x 1O4 2.7 x 10"4

NPW Radiation Monitorino Handbook Version 1.0 Authorised 7 September 1995



63

Figure 20
Assumed Intake Rates of Foodstuffs for Critical Groups

NHMRC (1990) Table XII

TABLE XH

ASSUMED INTAKE RATES OF FOODSTUFFS FOR CRITICAL GROUPS

Foodstuff

Milk
Milk products
Exposed fruit and vegetables
Other fruit and vegetables
Meat. etc.
Grain
Water and beverages

.._

Infant
(lyear

2 6 0
16
50
50
40
50

260

Annual intake

Child
old) (10 year

3 0 0
30

100
100
150
150
3 5 0

(kg./a)

Adult
old)

2 5 0
40

130
130
200
150
600

NOTE: When considering dietary intake as a whole, the validity of assuming
the exposed individual to be a critical consumer of all food categories
needs to be considered (e.g. a critical consumer of milk may not be a
critical consumer of meat, and therefore simple additivity over all food
categories may not be appropriate). Exposed fruit and vegetables are
those, such as green vegetables, whose surfaces may be directly
contaminated by material deposited from the atmosphere. Other fruit
and vegetables refer to those not directly contaminated (e.g. fruits
peeled before consumption and root crops).
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4.3 Countermeasures to Protect the Public

4.3.1 Sheltering

Sheltering means staying inside or moving into dwellings or other buildings, closing
doors and windows, and turning off any ventilation systems in order that individuals
will inhale less radioactive material from the outside air, as well as reducing their
direct exposure to the cloud and to short-lived surface deposits. Sheltering can also be
used to control the people in an affected area in order to facilitate other protective
measures, such as evacuation and administration of stable iodine. However, there is a
limit to the time that people can reasonably be expected to remain sheltered indoors. In
considering sheltering as a protective action, its effectiveness in averting radiation
doses will need to be considered, since it can vary markedly.

During the early stages of an accident, while the plume is passing, the contribution of
the dose from inhalation will usually be much larger than that from external radiation.
Most buildings will reduce potential inhalation doses by a factor of two or so. External
doses can be reduced by an order of magnitude or more for brick-built or large,
commercial structures. Many open or lightweight buildings, however, do not provide
such effective protection. Judgements on the relative merits of sheltering and
evacuation as protective measures strongly depend on the timing of their respective
introduction relative to the accident phase and the magnitude and radionuclide
composition of the release. In any case, following a period of sheltering and after the
plume has passed, ventilation is advisable, to reduce the air concentrations that have
risen inside the shelter to the levels of the now relatively clean air outside.

4.3.2 Administration of Stable Iodine

Taking stable iodine is a practical measure for reducing the uptake of inhaled and
ingested radioiodine into the thyroid, which otherwise could receive an unnecessarily
high radiation dose. After an intake of radioiodine, the activity in the thyroid reaches
50% of the maximum within about six hours and the maximum within one or two
days. Thus, to obtain the maximum reduction of the radiation dose to the thyroid,
stable iodine should be administered before any intake of radioactive iodine;
otherwise, as soon as possible thereafter. If stable iodine is administered orally within
the six hours preceding the intake of the radioactive iodine, the protection provided is
about 98%; it is about 90% if the stable iodine is administered at the time of
inhalation. Its effectiveness decreases with delay, but the uptake of radioiodine by the
thyroid can still be reduced to about 50% if stable iodine is administered within four to
six hours of inhalation. It is therefore important to administer stable iodine as soon as
possible.

The recommended stable iodine dosages are given in Figure 21.
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Figure 21
Recommended Stable Iodine Dosages

The dosage of stable iodine, assuming a 170 mg potassium iodate tablet, is:

1. children under three years - a quarter tablet;

2. children aged three to twelve years and pregnant women - a half tablet;

3. adults - one tablet

The risks associated with the administration of stable iodine to members of the public
in a single dose of 170 mg potassium iodate are very small. These risks are the
occurrence of hypothyroidism, hyperthyroidism, thyrotoxicosis and goitre. When the
correct dosage is given to the population, the risk of side effects is relatively small to
the very young, but it increases with age and becomes pronounced for the elderly.

If exposure to radioactive iodine lasts more than a few days, which is the period
during which the thyroid is protected after a single administration of stable iodine, it
could be advisable to repeat this medication. The total dosage should not exceed ten
administrations of the standard dose in a year.

If evacuation is rapidly implemented as a countermeasure, the use of stable iodine
would be largely avoided. Administration of stable iodine may be used for protecting
groups of people such as patients in hospitals and special homes who cannot be rapidly
removed from the area, and emergency teams who are working in the area.

4.3.3 Respiratory Protection

Respiratory protection may be provided by the use of simple items such as
handkerchiefs, paper tissues or towels etc to cover the mouth and nostrils. The
protective efficiency of these materials may be enhanced by moistening them.
Moistened cotton fabrics can filter aerosols, gases and vapours (including I2 and CH3I)
- reducing the concentration by a factor of 10 or more.

Personal respiratory protection should be used by people sheltering and during
evacuation while there is still airborne contamination. Respirators having both
activated charcoal and particulate filters can be used by the Radiation Monitoring
Group (RMG) when a significant airborne contamination hazard is present.
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43.4 Protective Clothing

Body protection is appropriate for skin and hair to avoid contact with and absorption
of radioactive materials. It may be provided by any articles of clothing, including hats,
hoods, raincoats, anoraks, gloves and boots. Simple protective clothing should be
used while people proceed to shelters and during evacuation from contaminated areas.
It should also be used if evacuation cannot be avoided while the plume still exists.
The use of more sophisticated protective clothing should be confined to personnel
involved in emergency operations.

4.3.5 Evacuation

Evacuation is the urgent moving of people from their normal place of residence or
from places of work or recreation, for a limited period of time, in order to avoid
unnecessarily high exposures that would otherwise occur during the short period of the
accident.

This counter-measure is most effective for small groups of people. The movement of
large groups can involve economic and social disruption and should only be applied
when it is absolutely necessary.

People should be evacuated, as far as possible, in family groups, street by street.
Evacuation plans should be prepared in advance by the State Emergency/Disaster
Management Organisation.

Because of the short period (1 to 2 days) that the evacuated persons are expected to
stay away from their homes, they will usually be given temporary accommodation in
places such as schools and other public buildings.

Evacuation is generally the most disruptive countermeasure and the benefit to the
population in terms of reduction in radiation dose and therefore risk must be balanced
against the social cost in terms of disruption and distress.

4.3.6 Personal Decontamination

Personal decontamination is necessary only in the case of detected or suspected skin
contamination. In general, ordinary shower facilities are adequate. If large numbers
of people are involved and showering is not feasible, the careful removal of outer
garments followed by the washing of hands, face and possibly hair could be sufficient.
Personal decontamination can be of prime importance for some people who were
outdoors under the plume, as contamination of the skin and especially of the hair may
contribute to their dose. This countermeasure must not, however, be considered an
alternative to any other countermeasure, such as evacuation.
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4.3.7 Relocation

Relocation is defined as the progressive removal of groups of people under less urgent
conditions than those required for evacuation. It is used when the exposure may lead
to high accumulated doses after the release has finished and there is external
irradiation from ground deposition. In the case of an accident that requires both
evacuation and relocation to be carried out within two concentric areas, these
countermeasures must be well coordinated to guarantee equity in the public health
handling of two groups of people during the phase of re-entry. This is especially
important as it will take some time to determine affected areas and initiate relocation.

4.3.8 Control of Access

Control of access will avoid an increase in the number of people affected by the
accident and minimise interference with the emergency operations within the affected
areas in the early phase of the accident.

In the long term, control of access may still be necessary in areas of significant ground
contamination.

An advantage of this countermeasure is that it ensures that no unauthorised transfer of
contaminated articles to clean areas takes place during the later phases of the accident.
The difficulties of control of access are related mainly to its enforcement. This
emphasises the need for coordination by the responsible authorities. Control of access
should be planned before a visit by an NPW to a port and implemented as soon as
possible after an accident.

4.3.9 Food and Water Control

Food control may involve banning or restricting the consumption of certain foodstuffs
such as milk, vegetables and water. After an atmospheric release it is unlikely that
water would be contaminated to such a level that it would be necessary to ban
consumption. If open reservoirs exist, doses should be calculated to show whether the
water is fit for consumption. Vegetables may be destroyed or, if they are used as
animal feed, care should be taken to ensure that they do not affect human beings.
Foodstuffs such as milk and dairy products may be withheld for delayed use.
Contaminated food should not be diluted by mixing it with non-contaminated food;
even if the radiological hazard associated with the resulting foodstuff is minimal, it is
unlikely to be acceptable to the consumer.

In the case of cattle, the contamination of their meat and dairy products may be
reduced by supplying them with stored feed and removing them as soon as possible
from grazing on contaminated pasture.
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4.3.10 Decontamination of Areas

The decontamination of areas consists of washing or vacuum-sweeping roads, the
surfaces of buildings and equipment, ploughing agricultural land, removing surface
layers of soil or fixing the contamination. This countermeasure is mainly applicable in
the later phases of the accident to reduce external irradiation from deposited activity
and internal irradiation from the inhalation of resuspended activity.

There are problems associated with decontamination since it is expensive and
produces large amounts of radioactive waste that have to be disposed of. The
decontamination of buildings and roads may create difficulties and weather conditions
may affect its effectiveness and feasibility.

4.4 IAEA Generic Intervention Levels

Looking to the future, the NHMRC is likely to change the emphasis from projected
doses to doses avertable by the protective actions.

For discussion on this see references 4, 5 and 10 and the excellent paper (Ref 9),
Standards, Criteria and Intervention Levels, G C Mason, Australian Radiation
Laboratory, presented at the IAEA Regional Workshop on Off-Site Planning and
Countermeasures for Radiological Emergencies, Australia, September 1994.

The Nuclear Safety Bureau has produced an emergency dose assessment spread sheet
(Ref 11) based on this newer information.

This handbook will be updated when the NHMRC revises its current
recommendations.
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