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SUMMARY

The workshop provided an opportunity for communication and discussion betweei

those organisations and individuals concerned with the measurement of ionisinj

radiation in Australia. It greatly assisted an understanding of the key role;

performed by the Australian Atomic Energy Commission and the Australian Radia-

tion Laboratory. The workshop also highlighted the need for future discussion:

on calibration protocols and the need for a document detailing the status oi

ionising radiation measurements and their traceability.

The Commission found it encouraging that the workshop supported the move towards

the deletion of non-SI units from the National Measurement Regulations, and will

examine the problem of preferred Si-prefixes.

Although there did not seem to be a need to establish ongoing working parties,

the Commission will follow up those areas which require further action by direct

contact with the individual parties concerned. A further workshop may bs

arranged, if appropriate, to review progress.

(iv)



INTRODUCTION

Dr Blevin, Chairman of Che workshop, Chairman of the National Standards Commiss-

ion and Chief Standards Scientist at the CSIRO Division of Applied Physics

welcomed the participants to the workshop, hosted and organised by the National

Standards Commission.

Dr Blevin explained that the morning session would consist of input by various

speakers, with opportunities for short discussions to highlight areas of con-

cern. These and other problems would then be discussed more fully in the after-

noon session.

Dr Blevin outlined that the purpose of this workshop was to review current

arrangements for the physical measurement of ionising radiation and to identify

problems. It was not the intention of the workshop to determine safe radiation

levels, although if needs be activity may have to be stimulated in that area.

Although uncertain as to the outcome of the workshop at this stage, Dr Blevin

trusted that the workshop would at least result in a useful exchange of in-

formation.

Apologies were made by two of the Commissioners, Mr A Verey and Mr R Crawford

who were unable to attend the workshop.



I . THE PRESENT ADMINISTRAIIVE STRUCTURE



ROLE OF THE NATIONAL STANDARDS COMMISSION

T J Petry

National Standards Commission

The National Standards Commission was established in 1948 with the main purposes

of establishing a national system of units and standards of physical measure-

ments, and to provide for their uniform use throughout Australia. Amendments to

the National Measurement Act have expanded the role of the Commission, and the

staff of five part-time commissioners in 1948 has now expanded to seven part-

time commissioners and thirty permanent employees.

There has to be traceability of physical measurements back to Australian primary

standards, and it is the responsibility of the CSIRO Division of Applied Physics

under the National Measurement Act to establish and maintain thor ̂  legal units

which have been nominated by the National Standards Commission. The CSIRO

Division of Applied Physics is empowered to delegate some of its responsibility,

and in the case of radiation units such responsibility has been passed to the

Australian Radiation Laboratory and the Australian Atomic Energy Commission.

The Metric Conversion Board was established in 1970 to introduce the SI system

of units as the sole system of legal units in Australia. The responsibility for

ongoing metrication has now passed to the National Standards Commission, who are

responsible for withdrawing those non—SI units still listed in the National

Measurement Regulations. The withdrawal of these units will not take place

without allowing due time for consultation and advice.

The Commission is also involved in co-ordinating the national measurement system

and performs a regulatory function with respect to trade measurements. There is

day-to-day contact with the States, Territories and trade measurement industry,

and advise is provided to many government departments on measurement matters.

There is close liaison with the CSIRO Division of Applied Physics, the National

Association of Testing Authorities and the Standards Association of Australia.



LEGAL UNITS FOR IONISING RADIATION

G Harvey

National Standards Commission

The Australian legal units for the measurements of quantities associated with

ionising radiation are contained in the National Measurement Regulations and are

detailed in the table below.

Quantity Schedule SI unit Symbol Non-SI unit Symbol

Activity

Exposure

28

29

Absorbed dose, 30

absorbed dose

index, kenna and

specific energy

imparted

becquerel Bq(=s~1) curie

coulomb/kilogram C/kg

gray

Ci

roentgen

Gy(=J/kg) rad rad

In addition to these units, in 1979 the 16th Conference Generale des Poids et

Mesures resolved to adopt the sievert (Sv) for the SI unit for the measurement

of dose equivalent and dose equivalent index. As a result of a meeting of

representatives from NSC, AAEC, ARI. and CSIRO, the 88th meeting of the National

Standards Commission resolved to introduce the sievert and the non-SI unit the

rem for this purpose. It was also resolved that the non-SI units curie,

roentgen, rad and rem be withdrawn on 1 January 1986 following prior publication

of intent and invitation of public comment.



The reason for Che introduction of the rem followed shortly afterwards by its

withdrawal was that the introduction of the sievert alone would make it the only

legal unit for dose equivalent and dose equivalent index. This would preclude

the use of the rem in specifications for legal purposes such as codes of

practice for the safe handling of radioactive material which may currently be in

force.

The National Standards Commission initiated the introduction of the sievert and

rera in late—1983, however it has still not been possible to satisfy the parlia-

mentary draftsman on the precise wording of the amendments. Because of this it

would appear that the time scale indicated for the withdrawal of the imperial

units will need to be revised.



AUSTRALIA'S MEASUREMENT STANDARDS FOR IONISING RADIATION

K H Lokan

Australian Radiation Laboratory

Standards for the measurement of ionising radiation and related

quantities are maintained in Australia through the National Measurement Act,

and are achieved in practice by declaring, as agents of CSIRO, the Australian

Radiation Laboratory and the Australian Atomic Energy Commission. These two

institutions support on behalf of CSIRO both primary and working standards,

which are traceable to each other, and which are illustrated in Table 1.

For exposure and absorbed dose, each institution is empowered to hold

a working standard, of the other's primary standard, which has been

intercompared with the primary standard, and calibrations can in principle be

provided of both types from both institutions, which are traceable to the

respective primary standards.

For radioactivity standards - where the standard is a methodology

rather than a reference instrument - the two laboratories intercompare their

capabilities from time to time by assaying and exchanging sources and

comparing their results. The agreement is generally excellent.

Both laboratories can and do provide reference radioactive sources of

known absolute activity to a user community which uses them both for energy

calibration for photons and for the determination of absolute sensitivities of

counting equipment.

The present arrangement, whereby CSIRO takes advantage of existing

expertise elsewhere in the country rather than duplicating it, appears to work

satisfactorily. It is kept in line by periodic meetings (at about 2 yearly

intervals) between NML, ARL and the AAEC where existing programs and future

plans are reviewed.



Table 1. Australian ionising radiation measurement standards

Exposure (ARL)

5-50 kVcp \ _ . ,
50-300 kVcp ' free air cha(nbers

cavity chambers

Absorbed dose (AAEC) determined calorimetrically at

Radioactivity standards (AAEC)

Table 2. Calibration demand per year

Exposure

5-6 therapy instruments
8-10 survey instruments*

Absorbed dose - little demand at present

Radioactivity standards

^ 20 standard sources for external clients
"̂  50 standard sources for inhouse use
(about equal numbers supplied by AAEC and ARL)
^ 50 X-ray and other sources per year for energy calibration of
detectors etc, e.g. GeLi detectors and a detectors

* Survey instruments using ARL measurement system installed in
State/Territory Health Authorities are running at a rate of <\. 200 per
year in SA, WA and NSW where they are currently installed



' In principle, the quantity which bears most closely on radiation

protection and radiation therapy is absorbed dose. In practice, however, many

users elect to use exposure calibrations, and to relate these to equivalent

absorbed dose by using a set of fairly well-established (but energy dependent)

conversion factors (CA, Ce). These introduce some uncertainties, and restrict

the absolute accuracy to about 3 or 4 per cent depending on which particular

conversion protocol is being used. At first sight this is disturbing, but in

practice may be less important than it looks, because it is a systematic

uncertainty which has no effect on the consistency of delivered doses. The

discrepancy between calorimetric and computed absorbed dose calibrations which

all standards laboratories find, is likely to be about halved in the next

year, as an improved set of values for mean stopping powers for secondary

electrons are to be adopted.

Table 2 illustrates current Australia demand for calibrations. A

further development of some importance has been the propagation of traceable

calibrations at a precision appropriate for public and occupational health

purposes. ARL is installing, in each State or Territory, measurement rigs

consisting of a reference chamber, electrometer, radioactive sources and

positioning rails which support the calibration of portable radiation

monitoring equipment, used for radiation protection purposes. Three have now

been in place since Dec 1984, and the remainder only await the provision of

suitable laboratory space within the Health Commissions in each State. In

these first six months, WA, NSW and SA have calibrated over a hundred

instruments, and it is clear that we have identified and satisfied a need for

resources of this type.

There are three other areas of ionising radiation which are not at

present covered satisfactorily by our present system, and which may develop

importance in the future. These are:

electron dosimetry

neutron calibrations

'megarad' dosimetry

The first of these will be satisfied when the electron linear accelerator

comes on stream at ARL, and we begin seriously to learn how to wed absorbed

dose calorimetry to conventional electron beam current measurements. The

second, neutron calibrations, has not yet surfaced as important, although we

do provide personal dosimetry with film badges which are calibrated using a

commercial neutron standard source.



The third one may come upon us very quickly, as there is some likelihood that

yery high intensity radiation sources will be installed in Australia for

sterilisation of foodstuffs and medical supplies. At present we lack the

experience to provide calibrations at such intensities, and no doubt will have

to expand our skills rapidly when the demand arrives.

In reviewing arrangements between NML, ARL and CSIRO which govern

ionising radiation measurement standards, I was asked also to make reference

to the existence of the Australian Ionising Radiation Advisory Council

(AIRAC). This Council is appointed by the Minister for Arts, Heritage and

Environment and its terms of reference are:

"The Council will advise and make recommendations to the Government, on the

effects of the various actual and potential sources of ionising radiation

exposure on the Australian population and environment. In doing so, the

Council should take an overall view of these matters and should;

(a) examine any effects that may arise from these sources (in particular

the Council should assess the biological effects of ionising

radiation from any source),

(b) keep under review the adequacy of data collection, control procedures

and radiation protection standards which are currently in use or are

proposed for use in Australia,

(c) review and report on the current state of fundamental knowledge on

the biological effects of ionising radiations,

(d) recommend studies relevant to its terms of reference,

(e) consider and report on such other matters as are referred to it by

the Government."

Its membership is drawn from a range of disciplines and is made up

largely of senior academics working in the universities who provide advice on

a continuing basis to the Government on the impact of ionising radiation on

the environment and the population of Australia. Clearly this Council has an

interest in todays proceedings as in the end, the viability of radiation

health judgements rests firmly on sound measurement capability.



NATA'S ROLE IN THE MEASUREMEOT OF

IONISING RADIATION IN AUSTRALIA

L Wallace

National Association of Testing Authorities

INTRODUCTION

The Australian measurement system is a coordinated system of tests and
measurements covering the following areas of activity:

* legal metrology and units of measurement
* physical standards of measurement
* testing/ measurement and calibration
* standard specifications

We have already heard a description of the role of the National Standards
Commission in legal metrology and units of measurement. In addition, Dr
Lokan has given us an overview of the roles of CSIRO, Australian
Radiation Laboratory and the Australian Atomic Energy Commission with
respect to the maintenance of physical standards for ionizing radiation
measurements. Later on today the Standards Association's responsibility
for standard specifications will be discussed.

What I will do, in the five to ten minutes I have been allocated, is
present a description of NATA's role in the third area of activity within
the Australian measurement system; that is the testing, measurement and
calibration associated with ionizing radiations.

Initially, I will give you some idea of NATA's interaction with industry
and the community in this area and will then describe our participation
in the areas of calibration concerned with measurements of ionizing
radiation.

INTERACTION WITH GOVERNMENT, INDUSTRY AND THE COMMUNITY

The National Association of Testing Authorities was established in 1947
to operate Australia's national laboratory accreditation system. It
provides government industry and commerce with a nation wide network of
laboratories of demonstrated competence and reliability.



This comprehensive system accredits laboratories in all areas of science
and engineering subdivided into ten fields of testing:

* Acoustic and Vibration Measurement

* Optics and Photometry

* Mechanical Testing

* Chemical Testing

* Medical Testing

* Non-Destructive Testing

* Metrology

* Biological Testing

* Heat and Temperature Measurement

* Electrical Testing

A significant number of the approximately 1500 laboratories registered in
these ten fields are involved in conducting tests or measurements with
instruments in which ionizing radiations are involved.

In the non-destructive testing field, laboratories are registered for the
radiographic examination of metals, metal alloys, structures and other
materials. In the mechanical testing field, many of the 130 registered
soils laboratories carry out density and moisture tests on soils using
nuclear meters. In the recently established field of medical testing
laboratories conduct tests using radio-immunoassay techniques. Chemical
testing laboratories use X-ray analysis equipment such as X-ray
fluorescence spectrometers.

In all these areas NATA is concerned that adequate protection of
laboratory staff is maintained. NATA is also concerned that protection
of other personnel is maintained,particularly when instruments are
operated in the field. Laboratories are referred to standards such as AS
2243 Part 4 Safety in Laboratories, the National Health and Medical
Research Council recommendations and the particular state legislation for
guidance on the use and maintenance of apparatus and devices that emit or
use ionizing radiation. As safety in laboratories is covered by
statutory requirements it is not included in the mandatory criteria for
registration. However, any deficiencies in safe working conditions will
adversely affect NATA's appraisal of good laboratory management and
practice.

CALIBRATIONS ASSOCIATED WITH IONIZING RADIATION MEASUREMENT

Orgnaisations accredited by NATA form a network of laboratories of
demonstrated competence and capability which aims to provide the
calibration, measurement and testing resources required by the
community. A key element in this system is the proven traceability of
all measurements at appropriate levels of accuracy to basic standards
held by the CSIRO Division of Applied Physics or a delegated laboratory
such as Australian Radiation Laboratory or the Australian Atomic Energy
Commission.



r
NATA then provides the mechanism for the transfer or dissemination of
physical standards from DAP or an equivalent laboratory to the general
laboratory situation. NATA also sees one of its functions as the
provision of a national calibration service of demonstrated competence in
all areas of measurement including ionizing radiation measurements.

NATA currently has registered laboratories in all the measurement areas
serviced by the CSIRO Division of Applied Physics. NATA-accredited
calibration facilities are available for calibrations associated with
such parameters as length, force, mass, resistance, luminous intensity,
sound power, frequency, pressure and temperature.

The calibration of instruments used for ionizing radiation measurements
such as film badges, dose rate meters and count rate meters falls within
the field of optics and photometry. I might add that at the last meeting
of the Registration Advisory Committee for this field it was recommended
to change the name of the field to optics and radiometry to cater for
non-visible radiation measurements.

In the last few years the Association has received a number of enquires
regarding registration for the calibration of radiation monitoring
equipment used for mining, environmental, industrial and health
applications and for radiation measurements utilising this equipment.
The radiations of interest have covered X-ray, alpha and 6 particles and
lasers. Unfortunately to date only one application has been lodged and
processed and that is for Spectra-Physics Pty Ltd in Victoria for the
testing of helium-neon laser products used in the construction and
drainage industry for surveying, levelling and alignment purposes.

INTERNATIONAL

On the international scene our equivalent organisation in the united
states, the National Voluntary Laboratory Accreditation Program (NVLAP)
has a laboratory accreditation program operational for processors of
personnel radiation dosimeters. NVLAP has also recently announced a
recommendation by American Nuclear Insurers that all insureds or their
contracted dosimetry services be accredited by NVLAP.

CONCLUSION

Unlike NVLAP, NATA has not yet accredited laboratories concerned with
either the calibration or use of instruments for measuring ionising
radiation measurements. However, through its position in the Australian
measurement system and its nearly 40 years experience in accreditation,
NATA can offer both the facilities and the capability for the
accreditation of such laboratories.



DISCUSSION SECTION I

Ficch Did NSC circulate, and if so to whom, a notice of intent to withdraw
non-SI units in January 1986?

Harvey Adequate notice of the intention to withdraw non-SI units will be
given. However, due to difficulties in introducing (before with-
drawing) units such as the rem, it has not been appropriate to do
so as yet.

Fleischmann Under state legislation the rem is already defined as a legal unit.

Blevin There are some quantities for which the Commonwealth has not pro-
nounced legal units by regulation, and for such units the states are
free to make their own arrangements. However, as soon as the
Commonwealth prescribes legal units for any physical quantity they
become the sole legal units in Australia.

Fleischmann A problem could foreseeably arise unless there is a definite move to
encourage the states to withdraw the rem before the Commonwealth
does so. There should be consultation on this problem.

Blevin We will discuss this problem in more depth later today (see
Discussion on Present and Future Problem Areas, State and Federal
Legislation ). I would just like to explain that the reason for
originally choosing the date of 1 January 1986 for the withdrawal of
non-SI units was to coincide with the withdrawal of non-SI units in
western Europe.

Carter I would like to make a couple of points about Dr Lokan's paper.
Firstly I am surprised that he made no mention of radon and radon
daughters. ARL are currently participating in an international
intercomparison which will become the standard for the Pacific
Basin. Secondly I believe that there is an enormous calibration
demand, which will be realised once the service is known (see
Discussion on Present and Future Problem Areas, Possible New
Standards).

With reference to NATA, I am not convinced that they have either the
facilities or capabilities to measure ionising radiation (see
Discussion on Present and Future Problem Areas, Calibration Services
and Standard Test Procedures).



II. REVIEW OF PRESENT USERS



ROLE OF THE RADIOLOGIST IM THE MEASUREMENT

OF IONISING RADIATION

A Scott

The Royal Australasian College of Radiologists, New South Wales Branch

The Royal Australasian College of Radiologists would like to thank the National

Standards Commission for the invitation to participate in this workshop on the

appropriateness and adequacy of existing provisions for the measurement of

ionising radiation in Australia.

Following the request by Dr P Wilson, our Federal Secretary, to attend this

meeting, I became aware of the small role the practicing radiologist plays in

the direct measurement of ionising radiation. The most significant event for the

practicing radiologist is the forthcoming complete change to SI units in 1986.

The practicing radiologist is primarily a clinical practitioner, who uses his

understanding of anatomy, physiology and pathology to direct the application of

ionising radiation to identify, cure or modify disease processes in the human

body. Radiologists fall into two categories, namely diagnostic and therapeutic.

Sources of ionising radiation used by radiologists include X-ray tubes, linear

accelerators and various radioactive isotopes, the approximate energies of

resulting radiation range from approximately 20 keV to 120 keV in diagnostic

radiology and from 12.5 keV to 20 keV or more in therapeutic radiology.

A radiologist obtains precise exposure of the relevant region of the body with

assistance from a radiographer and a physicist. Training of the radiologist,

radiographer and physicist is directed towards, and results in, optimisation of

clinical effect and minimisation of unnecessary or unwanted exposure of the

patient or staff to radiation.



A Guide to Good Practice in Radiography, under development by the SAA, embodies

the expertise required of radiologists and radiographers in the effective and

safe application of ionising radiation. It reflects typical training provided in

the basic radiation physics course.

Apart for purposes of research, the practicing radiologist is not directly

involved in the measurement of ionising radiation, either as exposure or as

absorbed dose, and is dependent on others for this. Similarly, calibration of

apparatus is performed primarily by equipment service companies. The safety of

new or revised radiological installations is confirmed by the equipment in-

stallers, the electricity authorities and by government agencies responsible

for supervising the application of regulations. In NSW, for example, the Radia-

tion Health Services of the Department of Health are approached for advice and

direction in matters of measurements of exposure, dosage and radiation safety in

relation to new medical irradiating apparatus.

Radiologists are not the only users of diagnostic or therapeutic radiation.

Nuclear medicine physicians, dentists, dermatologists, general practitioners and

chiropractors commonly undertake irradiation. Veterinary radiology is a re-

latively new and developing science.

50 far no difficulties have been reported in the day-to-day application of the

51 system by radiologists, apart from problems with arithmetical conversion.

Nuclear physicians have totally changed to the SI system of units, and as far as

I can ascertain they have no difficulties in its application. The Australian and

New Zealand Society of Nuclear Medicine has a formal policy on radiation meas-

urement, the senior physicist in a department undertakes responsibility for the

measurement.



INDUSTRIAL RADIOGRAPHY DSER - VIEWPOINT

A L Sonneveld

Metlab Mapel Pty Ltd

It is important to note that this presentation relates to the measurement of

radiation produced with industrial X-ray machines and during gamma isotope

radiography, and does not include comments on level/metering gauges, bore hole

logging, soil compaction density measurement and industrial processes, all of

which incorporate radioactive isotopes.

INTRODUCTION

The request to address this workshop was almost refused as it was considered

the attendees might be somewhat academic or esoteric in their application or

philosophical views of ionising radiation, however, it was felt that a concerned

industrial viewpoint might protect our commercial non-destructive testing

industry from being legislated or regulated out of business.

Before any analysis, review, or determination of the appropriateness and

adequacy of the existing provisions for the measurement of ionising radiations

can be attempted, a thorough knowledge of the existing provisions is needed.

These provisions then need to be assessed in relation to the following:

the law : legislation, regulations, codes of practice and penalties

for non-compliance,

industrial applications,

source of ionising radiation isotopes,

isotope handling equipment : source, storage, transport, transfer and

exposure containers,

suppliers and commercial companies attitude to safety,

incidence of serious accidents,

17



availability and calibration requirements of industrial radiation

measurement equipment and systems,

. public awareness and the media.

THE LAW

The use of radioisotopes is controlled by the various state health departments,

in Victoria through its Industrial Hygiene Division. Although there are differ-

ences, all states in general follow the recommendations of the Code of Practice

for the Safe Handling of Sealed Radioactive Sources used in Industrial Radiog-

raphy (the Code), issued by the National Health and Medical Research Council,

Canberra.

Control can only be exerted by pressure, threat, or penalty under a legislated

act like the NSW Radioactive Substances Act 1957, and its attendant Regulations.

The Act gives the Health Department the power to interpret the Regulations and

to formulate codes or guidelines for specific applications.

A new act, the NSW Occupational Health and Safety Act 1983, which commenced

operation on 4 May 1984, imposes substantial new duties and obligations on

employers, self-employed persons, employees, and others, in relation to

occupational health and safety in the workplace.

In his second reading speech, the Minister for Industrial Relations, Mr Hills,

expressed the purpose of the legislation as :

..to provide effectively for the safety, health and welfare of all persons

in all workplaces, including those of the Crown, and those of self-employed

persons, under the umbrella of one single piece of legislation. It is the

most important measure of its kind ever to come before this House. This

bill and its regulations will have wide-ranging provisions designed to

embrace every area of the work environment, every hazardous occupation,

every use of dangerous substances and chemicals, and it will keep pace with

technology in so far as it relates to the workplace.



To achieve these aims, the Act is drafted in very broad terms. A breach against

the provisions of the Act may attract penalties of $50 000 in the case of a

corporation, and $5000 in any other case.

INDUSTRIAL APPLICATIONS

Broadly speaking, industrial applications cover shop and site radiography of

weldments, castings, forgings and components, used in pipelines (onshore and

offshore), oil refineries, chemical plants, power stations, pressure vessel

shops, building structures, bridges, offshore oil rigs, metal extraction plants

and foundries.

Consideration of the working environment and conditions must recognise :

climatic conditions,

. access and location,

. hours of work,

. qualification and certification of personnel,

type, age and background of personnel,

size of the commercial enterprise and its financial viability,

. the radiation regulations applicable to the country or province where

work is being conducted, and

. the moral and ethical response displayed by company management to

radiation safety.

SOURCE OF IONISING RADIATION ISOTOPES

The Australian Atomic Energy Commission at Lucas Heights is the source of most

radiography sources, although imported sources can be obtained through AAEC and

some commercial establishments licensed by them. Radiography sources are

supplied in either the standard form or a miniature form, using a cylinder 2 mm

diameter by about 3 mm long. Since the miniature form is too small to effect-

ively display markings required by the Code, it is only supplied after further

encapsulation, usually in the pigtail form. Both standard and miniature forms
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are made in titanium alloy and sealed by welding. Further encapsulations are

usually screwed together and sealed, typically with epoxy resin loaded with

stainless steel powder. At least the welded inner capsule is always tested for

leakage and loose surface contamination before despatch, and a certificate

giving full technical details is supplied with each source.

The two most commonly used sources, Ir*92 an(j co60 a r e m ad e by the n gamma

reaction and the target material is sealed into the capsule prior to irradiat-

ion. Consequently, a material that will not itself activate and contaminate

the sources spectrum is needed. An aluminium magnesium alloy was first useu

however it had a low fusion temperature, was soft, and could corrode readily

under some conditions, and even in the super pure "reactor grade" form, had

impurities that activated to long half-life radioisotopes. Thus in Australia

the metal titanium is used because it is stronger and more abrasion resistant

than stainless steel, has a high melting point and under most conditions,

excellent corrosion resistance.

The physical form of the Australian sources is a right cylinder (length equals

diameter). Co^O is turned from rod and Ir*'* pressed from the powdered form

and sintered. Yb^°° sources are prepared from briquettes of Yb2C>3 in which the

target isotope Yb*°8 has been enriched. Cs^7 £s normally obtained from the

United Kingdom and the material derived from spent fuel elements is in the form

of tiny glass microspheres to prevent solution in water. American sources are

commonly spherical. All sources sizes are specified by diameter and available

sizes include 0.5, 1, 2, 4 and 6 mm.

Sources can be further encapsulated by the user (provided he complies with the

Code requirements) if this is necessary to improve control. They can also be

fitted into source holders which are similar to capsules but without provision

for sealing.

ISOTOPE HANDLING EQUIPMENT

Source containers can be divided into storage, transport, transfer and exposure

containers.

20



Storage containers are necessary if there are more sources than exposure con-

tainers or if the normally used containers require servicing. Usually a storage

container does not have to be moved and takes the form of a roughly spherical

block of lead completely encased in a welded steel canister. The source is

slipped into a central steel lined cavity and sealed with a close fitting plug

of dense metal rod held in place with a screwed cap and padlocked for security.

The simplest storage facility is a tube from 1 to 2 m long sunk vertically into

the soil and sealed with a metal rod etc.

Storage containers may be used for transport, however the mandatory test con-

ditions necessitate well-designed and well-made equipment. The preference is now

for a two—part item, an inner container similar to the storage one, with around

it a lighter canister which serves two purposes - firstly it reduces the

operator's accessible dose rate by increasing the distance to the source, and

secondly it constitutes an energy absorber and, if required, a heat insulator

layer to improve performance during testing and in the event of accidental

damage. Transport of sources by air, sea, road haulier, or by railway are all

subject to a different set of rules, so these must be checked in each state.

Transfer containers are a special form of transport container equipped to hold

two sources, usually the pigtail form. These containers have been developed

specifically for operators who need fresh sources frequently and who cannot

afford the time lost by sending an exposure container back to the source suppli-

er each time a new source is required. The method of use is: the supplier sends

the container to the user with the fresh source in one recess and the other

plugged. The user removes the plug and inserts the spent source in its place.

He then opens the other recess and fixes his transfer gear to the fresh source

and withdraws it into his equipment by remote control. The container is then

plugged and returned to the supplier in time for it to be used for the next

fresh source. To save weight, uranium is used as a shielding material in

preference to lead for these containers.

Exposure containers are used to hold a source at the exposure site and to

control its radiation during the exposure.



Small sources such as are used for most field radiography may be used from one

of two types of container - a beamer or projector, or else a source transfer

system.

The beamer uses a rearrangement of the shield around the source (usually without

moving the source out of the container) so that a beam of radiation is projected

out of the container. The beam may be like that of a direct type X-ray tube or

of a panoramic or even an axial to panoramic (300 degrees) extended anode tube

according to the shielding arrangement.

The source transfer system operates by moving the source from the container

along a flexible casing to the exposure position. The pigtail source may be

attached to a flexible cable and pushed into position by a manually remote

operated cable or it may be moved by compressed air, vacuum or by hydraulics.

With well-trained and conscientious operators, these units allow the best

production rates, but a malfunction can be serious. The transfer systems are the

most flexible and so are widely used for jobbing work. The positioning device at

the end of the casing can be fitted with simple shields to control the beam

geometry for safety purposes.

The beamers are convenient for certain types of work - particularly butt welds

in pipelines and similar subjects. These systems are particularly convenient

with Ir^2 sources because if the containers are made with uranium shields they

can be carried by one man.

With Co^O the shields are always too heavy to carry, and most often the cheaper

lead is used for shielding them. The general design is similar to the beamers,

but the weight is so high that they must be fitted to wheeled trolleys or

suspended from a crane. Sources of high specific activity are commonly made up

of a series of flat wafers typically 10 mm diameter x 1 mm thick. Since we are

using an axial beam the appearance of the source, viewed in the opposite direc-

tion to the central ray, does not change as more discs are added. Therefore with

containers of the beamer or projector type designed for a bean of say 40 - 50

degrees, a thick stack of wafers can be used to increase the total activity.



However, the source material itself must absorb some of the radiation produced

(an effect known as self-absorption) and this limits the length of the stack in

the axial direction. With Co60 of low activity it is arranged in a 10 mm stack.

The axial intensity is likely to be between 20 and 30% less than if the active

material was spread over a larger diameter, and so low absorption capsuling

material (Ti) and high specific activity radioisotope material is essential.

It is with the small portable exposure containers that most of the radiation

exposure accidents occur throughout the world. This is on one hand a reflection

of their popularity, but on the other of weaknesses in design, maintenance, and

particularly in their utilisation. Some of the accidents would have been avoided

by a device on the container which locks the source in the shielded position

each time it is returned and which must be released, at the container for

preference, immediately prior to each exposure. Lack of adequate maintenance is

a major factor, particularly with beamers and similar devices. However the most

valuable safety measure with all types of equipment is for the operators to rely

on a survey meter to show the position and movement of the source at all times

(and in some cases of the shields). A survey meter with audible indication is

preferred as it is always desirable that the operator should watch his main

equipment rather than the meter.

Various foreseeable accidents will always occur, and the Code requires that

users shall consider these and, even if their occurrence is deemed unlikely,

formulate procedures for dealing with them. In this way operators in the field

should be able to cope with malfunctions in a more confident and experienced

manner, and in consequence with greater safety.

SUPPLIERS AND COMMERCIAL COMPANIES ATTITUDE TO SAFETY

The AAEC conducts a thorough radiation survey of each container and complete

evaluation of container operating mechanisms before and after isotope loading.

Even the most minor problem will prevent despatch of the container. This "watch

dog" attitude is very much appreciated by responsible commercial companies, even

though it has proved inconvenient at times.
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With commercial companies it depends from whence you came, what are your motive

in life. Our organisation is part of a major UK public company which is "whiter

than white" in matters like taxation and the 1974 Occupational Health and Safety

Act in the United Kingdom. Sure, the shareholders expect a dividend, but not at

the expense of directors being exposed to any breach of an Act, whereby they may

be personally indicted. This attitude penalises all subsidiary companies which

may in fact be competing against a newly-established two-man company which is

licensed to own, store and operate isotope and X—ray machines.

Our safety provisions exist and are maintained, even ia third world countries

which do not enjoy the sophistication of a Radioactive Substances Act. Often the

same cannot be said for many small groups who are out to make either a name for

themselves or a quick buck. It can be generally said that Australian commercial

non—destructive testing companies, large or small, do adopt a reasonably accept-

able standard of radiation safety.

INCIDENCE OF SERIOUS ACCIDENTS

Unless the media get their hands on a radiation accident, then most situations

would be handled quietly. Maybe one or two situations a year could be considered

as serious, requiring investigation and action.

AVAILABILITY AND CALIBRATION REQUIREMENTS OF INDUSTRIAL RADIATION MEASUREMENT

EQUIPMENT AND SYSTEMS

As yet no Australian survey meter (monitor) dosimeter, is commercially available

for use in industrial radiography, however a variety of robust monitors are

imported into Australia complete with calibration certificates. Generally these

instruments are only guaranteed with a +_ 207. accuracy which is adequate for

establishing safe working boundaries for a radiography site. Imported instrum-

ents include :

24



Germany — Graetz dose rate meter X50B, Isotopen Technik Gammalux TW

pocket warning device for acoustic warning against gamma and X-ray-

radiation;

UK - Stephen quartz fibre pocket dosimeter;

USA - Victoreen survey meter;

Finland - Wallac universal survey meter, Alnor pocket size radiation

dosimeter.

Recalibration is generally performed by most companies annually, either in—house

or by the local health authority. The New South Wales Health Commission has

recently established a free survey meter calibration service, whilst the Western

Australian State X-ray Laboratory has provided a compulsory six-monthly calibra-

tion service to industry for some time. Nobody seems to have adopted SI units

yet!

PUBLIC AWARENESS AND THE MEDIA

How many people drove throught a nuclear free zone to reach this workshop today?

Any exposure to ionising radiation is assumed to entail a risk of deleterious

effects. Unless man wishes to dispense with activities involving exposures to

ionising radiations, he must recognise that there is a degree of risk and must

limit the radiation dose to a level at which the assumed risk is deemed to be

acceptable to the individual and to society in view of the benefits derived from

such activities. In the present state of knowledge the relationship between dose

and effect is not known precisely. Maybe this workshop should make one of its

aims to formulate a better level of understanding and awareness of the benefits

derived from the use of radiation.

Have any journalists been invited to the workshop in order to educate them In

the terminology associated with radiation, and to make them aware of existing

controls and safeguards? How can we eliminate emotive, distorted newspaper

reports such as:



Airline Cargo Is Commonly Radioactive

Author Angry At Secrecy Over Cargo

Jet Scare

Company's Safety Record Challenged

No Legal Moves Over N-Leak

X-rayed Man At Work Again

Irradiation Of Flight Prompts Probes

You Don't Know You've Been Dosed Till You Glow In The Dark

CONCLUSION

Current legal provisions are adequate provided companies adopt self—regulating

roles, and health departments apply consistent interpretation and policing of

the regulations.
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RADIAC EQUIPMENT - SOME STANDARDISATION AND

CALIBRATION PROBLEMS

J W Allison

Materials Research Laboratory, Department of Defence

SECTION 1. INTRODUCTION

The acronym RADIAC denotes certain specialised Radiation,
Detection, Indication And Computation equipment required for military or
civil defence purposes. The range of different items is extensive, and
includes radiation dosimeters, survey meters, contamination meters,
warning systems,- nuclear effect calculators, radiation calibration
equipment, training equipment, etc. The nuclear radiations covered
include gamma, neutron, beta and alpha radiations.

Although this equipment is designed primarily for use in the event
of nuclear explosions, interest in it is more widely based, as
particular radiation detecting and measuring items would find use in
dealing with other major nuclear emergencies or accidents should they
occur.

The object of this paper is to focus attention on particular issues
relating to standardization and calibration of this RADIAC equipment, as
relevant to the NSC Workshop. Two problem areas are identified and
discussed below as follows:

. Lack of appropriate standardization (ref. Section 2)
• Difficult calibration requirements (ref. Section 3)

Two pertinent questions relating to these problem areas are posed in the
concluding Section 4.

SECTION 2. LACKJ3F APPROPRIATE^STANDARDIZATION

Historically, the important radiation quantities exposure , dose
and dose-equivalent have always been confused in the military and
civil defence fields, and their respective pre-SI units the roentgen, .
rad and 'rent have been misused. This trouble has not been corrected
with the introduction of the new SI units, "C/kg", "gray" and sievert ,
respectively, and the present position with RADIAC equipment is far from
satisfactory. This is by no means a trivial matter, and the
implications are quite important, as may be seen from the two cases A
and B below.

CASE A. A&DIAC High Range Survey Meters

For the purpose of comparison the indicating meters of four
different versions of this type of RADIAC instrument are shown together
in Fig. 1. These versions are as follows:
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FICITCE 1

COMPARATIVE READINGS OF DIFFEHENT

RADIAC HIGH RANGE SURVEY METERS
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PROBLEMS : POOR INTER-OPERABIUTY

ERROR PRONE

LACK OF STANDARDIZATION

(1) Example 1. Stocks of this instrument are held by the various
State Emergency Services, excepting NSW. It is a United States civil
defence instrument, Model CDV-715, with four linear ranges scaled in R/h
(the pre-Sl unit of exposure-rate).

(2) Example 2. Stocks of this instrument are held by the NSW State
Emergency Service. It also is a Model CDV-715, but with the meter
scale modified so as to read the dose-equivalent rate in mSv/h as shown.
This modification has been introduced in Australia by the NSW State
Emergency Service so that instrument readings will relate directly to
emergency radiation criteria. Such criteria are expressed in terms of
dose-equivalents as they are associated with biological effects of
radiation.

(3) Example 3. Stocks of this instrument are held by the Australian
Army. It is a United States military instrument, Model IM-174/PD, with
a simple quasi-logarithmic range scaled in rad/h (the pre-SI unit of
dose-rate).

(4) Example 4. Any future procurements of survey meters by Army is
likely to be of instruments with the meters scaled in cGy/h as shown.
This approach is being adopted in order to be in line with overseas
military practice. cGy/h is a SI unit of dose-rate, but is not one of
the preferred ones such as mGy/h.

Operators employing the above instruments would obtain different
readings; for example, the typical set of comparative readings shown in
Fig. 1, namely about 80 R/h, 800 mSv/h, 80 rad/h and 80 cGy/h,
respectively.*

These values quoted are approximate, and do not take into account the
small numerical difference which exists between exposure in R/h and dose
in rad/h.
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The failure to standardise on the appropriate radiation quantity
and unit of measurement carries an unacceptable penalty. Apart from
promoting confusion, it is likely to result in significant errors in
practice, especially under difficult operational conditions, and where
State Emergency Service and Army instruments are pooled together, as
would almost certainly be the case in any major nuclear emergency. In
particular, there is a real possibility of very large errors being
introduced, up to a factor of ten, if careful track is not kept of the
units in such readings as 800 mSv/h and 80 cGy/h.

CASE B. RADIAC Individual Dosimeters

These particular RADIAC instruments are required to measure mixed
gamma and neutron radiation. This is achieved by employment of
suitable small indirect-reading detectors for the gamma and neutron
components. An ancilliary reader is used to determine the responses of
the detectors after exposure to radiation, and to combine these
responses automatically, including a pre-set relative biological
effectiveness (RBE) factor for the neutron component. The total
response is indicated on an output meter.

Two points relevant to standardization and calibration are as
follows:

(1) At the present time the RBE factor to be employed is provisionally
taken to be unity. Establishment of the correct value for this
application poses a major problem, and relevant research is
required.*

(2) Since provision is made in the measurement process for an RBE
factor, it is evident that these particular RADIAC instruments
measure dose-equivalent, as distinct from dose. The appropriate
unit of measurement is therefore the msv. However, the military
instruments are described in documentation as measuring dose, and
the output meters are scaled in cGy. This illustrates once again
the confusion which exists in this subject area.

SECTION 3. DIFFICULT CALIBRATION REQUIREMENTS

No attempt is made in this paper to detail calibration requirements
for the entire range of RADIAC equipments. However, the two examples

Neutron RBE values substantially different from unity are used in
conventional radiation work. For example, the value 2.0 was used in
the detailed studies associated with the Oak Ridge accident in 1958, in
which several individuals were exposed to pulses of mixed gamma and
neutron radiation, as a result of a solution of uranium nitrate in a
drum becoming critical.



given below, which refer to the RADIAC Survey meters and individual
dosimeters discussed above, will serve to illustrate the difficult and
specialised nature of these requirements.

Example 1 . RADIAC High Range Survey Meters

Calibration requirements of this type of instrument extend to
relatively hi< . dose-rates, namely 500 cGy/h. Also, careful
consideration must be given to the spectrum of photon energies that the
instrument is required to measure. This spectrum is from 80 kev to
several Mev, and below 80 kev the response of the instrument is required
to drop sharply. This requirement is different from that for
conventional radiation protection instruments.

Example 2. RADIAC Individual Dosimeters

Calibration requirements of this type of instrument are
particularly difficult. The instrument is required to measure the
total gamma plus neutron dose, in mixed radiation fields, up to levels
of 10 Gy. This calibration is required to hold, within a certain
tolerance, for a spectrum of photon energies from 80 kev to 12 MeV, and
a spectrum of neutron energies from 0.1 MeV to 20 MeV. Below a photon
energy of 80 kev the gamma response is required to drop sharply.
Moreover, the instrument is required to maintain its calibration, within
a certain tolerance, at very high radiation dose-rates up to 10 Gy/s.

SECTION 4. CONCLUSION

Attention has been drawn to the existence of RADIAC equipment held
by the State Emergency Services and the Australian Army. With respect
to this equipment the following problem areas have been identified:

Lack of appropriate standardization (ref. Section 2)
. Difficult calibration requirements (ref. Section 3}

The confusion regarding use of radiation facilities and their units
of measurements is thoroughly undesirable. As indicated in Section 2
it could lead to large and unnecessary errors in measurements, due to
misinterpretation of RADIAC instrument readings under difficult
emergency conditions. Unfortunately this problem is not one that can
be easily overcome. Different user organisations tend to follow their
own courses, and to accept instruments developed by different agencies
overseas, without due regard to the problem of overall standardization.
Also, in general, little importance is placed on correctly specifying
the radiation quantity concerned and its unit of measurement. It
appears, therefore, that this particular problem is likely to remain for
a long time.

Appropriate calibration facilities are required to support the
RADIAC equipment held in Australia. While all the detailed calibration



requirements are not given in this paper, some indication of the
difficulties involved is provided by the specific examples given in
Section 3.

Finally, in conclusion, the following questions are posed:

(a) What radiation quantity should RADIAC instruments, such as the high
range survey meter and individual dosimeter discussed above, be
designed and calibrated to measure? For the former instrument is
it dose-rate or dose-equivalent rate? For the latter instrument
is it dose or dose-equivalent?

(b) Where, in Australia, would calibration facilities be available
which would meet the technical requirements expressed in Sec-
tion 3 for RADIAC high range survey meters and individual
dosimeters?
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DISCDSSION SECTION II

Donnelly I have not heard anyone mention calibrations undertaken by the armed
forces. I believe that the armed forces are calibrating more survey
instruments and personal dosimetry instruments than anyone else in
the country. The armed forces also process state civil defence work.

Allison This is true, calibrations are made at an army base workshop.

Lokan Are these calibrations traceable back to ARL?

Allison It may be a bit of a hike, but yes.

Oliver Could you please explain the legal aspect of NATA.

Wallace NATA is an organisation which accredits laboratories on a voluntary

basis, there are no legal requirements although in many areas Federal
government legislation requires accreditation of laboratories.

Oliver With reference to the calibration of radio-therapy equipment, I feel
that there is a need for more national control of uniformity of
measurements between Australian centres to ensure traceability back
to an international standard.

Lokan There is no problem in different centres getting different exposure
calibrations, difficulties arise in the variety of protocols
available to convert that number to an equivalent absorbed dose. The
protocols give variations of 3—4%. This is not as bad as it looks as
in a given centre working to the same exposure standard consistent
doses are being delivered. Why is it that exposure is used in
preference to absorbed dose?

Blevin How are Australian radiation standards related to international
standards?

Hargrave International comparisons have and are being made between ARL, AAEC
and international organisations such as BIPM and IAEA, and there has
always been close agreement between the standards.

Sherlock With reference to absorbed dose, I agree with Dr Lokan that different
protocols exist in different institutions. However these different
protocols do no necessarily trace to Australian national standards,
some trace directly to overseas national standards. There is
therefore variation between institutions and states as outlined by
Dr Oliver.

Blevin Perhaps in the discussion later today we should explore this problem
of how much intercomparison there is between states to check how much
uniformity actually exists (see Discussion on Present and Future
Problem Areas, Calibration Services and Standard Test Procedures).
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III. EXISTING CODES AND LEGISLATION



NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL (NlftlRC)

T Swindon

Australian Radiation Laboratory

The NHMRC, which replaced an earlier body known as the Federal Health

Council, was constituted by an Order-in-Council in September 1936. One of its

present functions is to:

"inquire into, advise and make recommendations to the

Commonwealth and the States on matters of public health legislation

and administration and on any other matters relating to health,

medical and dental care and medical research".

In order to obtain the best guidance available, Council maintains a series

of specialist committees of experts to advise it in particular fields.

Council usually meets twice each year and the report from each session

includes all the recommendations adopted. Prior to receiving this guidance,

material is channelled to Council through one of its three principal

committees. These committees are the Public Health Committee, the Medical

Research Committee and the Health Care Committee.

Of particular interest to this workshop is the Radiation Health Committee

which advises Council through the Public Health Committee on matters relating

to public health aspects of ionizing as well as of non-ionizing radiation

(note that public health includes occupational health). Its functions are

to inquire into all matters relating to:

the effects in man of naturally occurring ionizing radiation and or

artificial radiations, including ionizing radiations, microwaves,

lasers and other electro-magnetic radiations used in industry,

commerce, scientific research and medical investigations

the levels of, and the measures necessary to minimize, the radiation

exposure of the individuals and the Australian population from such

radiations

procedures and practices which would assist Australia and the States

in the implementation of their public health legislation relating to

radioactive substances and irradiation



The Committee is chaired by the director of ARL, which also supplies the

technical secretary. It consists of senior health physicists involved in

radiation regulatory work in each State and the Territories, experts in

radiology (which includes nuclear medicine) radiotherapy and non-ionizing

radiation, and an observer from the Standards Association of Australia. The

Committee, in advising Council, often recommends to Council that health and

technical standards relating to radiation sources be adopted by the States and

Territories in their radiation control legislation or activities.

The Radiation Health Committee meets twice each year and discusses a

variety of topics related to the radiation exposure of individuals, the

workforce and the community. For example, recent recommendations relate to:

radiation protection standards for individuals exposed to ionizing

radiation

irradiation of women of reproductive capacity during medical

procedures

wearing positions of personal monitors

discharge of radioactive wastes into the sewerage system

discharge of patients with radioactive sources in situ

and codes of practice cover

safe use of X-ray analysis equipment

safe use of radiation gauges

control and safe handling of sealed radiation sources

used in industrial radiography

safe use of ionizing radiation in veterinary radiology

design of laboratories using radioactive substances for medical

purposes

Older recommendations and codes of the Committee are reviewed and updated

on a continuing basis-

Standards, recommendations and codes prepared by the Committee are made

available to users, mostly through the State health authorities. In addition,

the health authority may incorporate some of them, or parts of them,in their

legislative framework or as a condition of licence to use or own certain

devices. In preparing its material, the Committee draws upon the experience

members have of the practical situations arising and takes into account the

need to ensure that any final standards, recommendations, etc. fit in with the

licensing/registration requirements of the States and Territories.
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The Australian Radiation Laboratory is in a unique position to help the

Committee. Amongst others, functions of interest to this workshop include:

research, development and scientific advisory services on the public

health hazards of ionizing radiation and radioactive materials and on

the physical aspects of the use of radiation in medical procedures

research and development on, and surveillance of the dose levels from,

the different radiation sources to which workers and the public are

exposed

establishment of radiation protection standards for occupational and

public health and preparation of codes of practice on the safe use of

various radiation sources

regulatory and compliance functions with respect to radiation safety

(although it has no prescribed authority in this regard)

Thus the Laboratory has become a national resource centre on radiation

health and standards. Accordingly, it underpins the Radiation Health

Committee to a very large extent. In addition, several members of staff are

also on a number of SAA committees which cover radiation. Its work activities

are determined by a perceivsd need to undertake research into different

aspects of radiation as it affects individuals, either as workers, public or

patients and into radiation sources and their physical aspects and use- They

are also determined by departmental requirements, matters arising at Radiation

Health Committee meetings and in SAA committees and following requests from

various Commonwealth, State or other organizations.

This has meant at times that the Laboratory notes some overlap in the work

of the different organizations, and sees a need for some rationalization.

Perhaps the major overlap is between the Radiation Health Committee and SAA.

Overlap is avoided as far as possible, and to this end the Radiation Health

Committee may, at times, endorse standards prepared by other groups and

recommend that they be utilized by the States and Territories in their

radiation control activities. For example, the SAA standard AS 2772 - Maximum

Exposure Levels - Radiofrequency Radiation - 300 kHz to 300 GHz, has been

endorsed and recommendations made to Council that this should be used by the

health regulators.
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A practical example of the rationalization process occurred recently in

relation to an SAA standard on fixed diagnostic X-ray equipment. This

standard covers electrical, mechanical and radiation aspects of equipment.

The State health authorities in licensing or registering such equipment would

normally expect that it should comply with the standard, as far as possible.

Obviously compliance with the standard can only be demonstrated by carrying

out suitable tests - whether they be prototype tests or in-field tests, but

there are no agreed tests available for use in Australia. The NHMRC Public

Health Committee had suggested that the Radiation Health Committee produce a

series of tests for this equipment, as well as for other radiation emitting

equipment, so that compliance could be demonstrated for licensing or

registration purposes. SAA in due course, having produced the original

standard, also decided that it would be useful to produce a series of

compliance tests.

Following discussions with SAA, it was proposed that ARL would develop and

publish a series of test protocols covering radiation aspects of X-ray

equipment and these would be used in the final SAA standard on test

procedures. Development of these test protocols includes seeking public

comment in the normal manner and "field testing" the protocols with the

cooperation of the State health regulatory authorities before finalization to

ensure that there are no problems in regard to ensuring compliance with the

equipment standard for licensing/registration purposes. By this means SAA and

the Radiation Health Committee should be satisfied that the end result is

useful for their respective purposes. SAA will produce the final standards on

test protocols as the standards will also include electrical and mechanical

tests, which neither ARL nor the Radiation Health Committee could handle.

This procedure will be reviewed after a period of time to ensure that

difficulties are not created.



STANDARDS ASSOCIATION OF AUSTRALIA

W Miller

Standards Association of Australia

The involvement of the Standards Association of Australia (SAA) with standards

dealing with ionising radiation is limited due to the specialised nature of the

subject and the existence of other bodies with more authority in this particular

field such as the National Health and Medical Research Council and the Australi-

an Radiation Laboratory. SAA has generally been involved only in cases where a

need has been seen for a broadly applicable and widely disseminated national

standard.

SAA standards are prepared primarily in response to requests received, and the

technical content of a standard is the responsibility of the standards committee

formed to prepare it.

The standards dealing with ionising radiation are :

AS 2563 Wavelength Dispersive X-ray Fluorescence Spectrometers - Methods

of Test for Determination of Precision

This specifies procedures to determine whether an X-ray

fluorescence spectrometer is operating correctly. It is a

support document for AS 2564, which deals with the measurement of

aluminium, silicon, iron etc. content in aluminium ores by X-ray

fluorescence spectrometric methods.

AS 1139 Intra-oral Dental and X-ray Films

This specifies the dimensions and characteristics of dental X-ray

films including their sensitivity (speed) to X-rays.
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AS 2398 Fixed Diagnostic X-ray Equipment - Design, Construction and

Installation - Safety Requirements

Equipment safety requirements for equipment operating at rated

output voltages from 10 kV (peak) to 400 kV (peak). Covers

mechanical, electrical and radiation hazards.

AS 2243 Safety in Laboratories - Part 4 - Ionising Radiations

Describes precautions to prevent unnecessary exposure of workers

using ionising radiation sources in a laboratory, and persons

outside the laboratory from being harmed by release of radioact-

ive materials or external beams of radiation. Also describes the

important characteristics of ionising, radiation-producing

materials and apparatus, nature of the hazards, laboratory design

requirements and other essential information.

DRAFT 85099 Quantities and Units of Nuclear Reactions and Ionising Radiations

Proposed adoption of ISO 31/10 - 1980 as an Australian standard.

(Australia has previously approved the ISO standard as an inter-

national standard.)

In these standards, where actual values of radiation level are specified, they

are usually as limits and are not toleranced, nor is an accuracy of measurement

generally stated. This would depend upon the purpose for which the standard was

being used, and by whom. To date SAA has not received indications from users of

these standards that radiation measurement is a source of problems to them.

None of SAA's product certification work currently deals with products for which

there are limits set for radiation, so SAA has no direct involvement in radia-

tion measurement.
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STATE RADIATIOtN PROTECTION LEGISLATION

D J Hamilton

SouCh Australian Health Commission

INTRODUCTION

Legislation controlling the use of radioactive substances and X-
ray machines is administered by each State health authority. In
general, the legislation was introduced following the issuing of
model radioactive substances regulations by the National Health
and Medical Research Council in 1959. Many States adopted those
model regulations; some States still have those regulations in
force. However, several States, including Western Australia,
Victoria and South Australia, have carried out a complete
overhaul of their legislation over the last few years and are
thus into the "second generation" of radiation protection
legislation.

Although I am most familiar with the new South Australian
legislation, many, if not all of the issues I shall raise will be
relevant to the legislation of other States. Virtually all of
the States have drawn heavily upon the more recent codes,
standards and recommendations issued by the National Health and
Medical Research Council. Much of the recent State legislation
has allowed outside documents such as standards and codes cf
practice to be incorporated into the legislation by reference.
This may be of significance to the present discussion as such
outside documents could use different quantities and units than
that used in the base legislation.

QUANTITIES AND UNITS DSED

Activity and Specific Activity

This is a very important quantity. Because virtually
everything can be found to be "radioactive" if you look hard
enough, it is essential that all legislation set out lower
limits of activity and/or specific activity at which the
legislation applies. In South Australia, for example, a
material is not regarded as radioactive for the purposes of
our main set of regulations unless its specific activity
exceeds 35 kBq/kg. In addition, a hierarchy of
administrative controls is often established which become



more stringent as the activities handled increase. Thus the
measurement of activity and specific activity is fundamental
to the whole legal system of controls over radioactive
substances as they determine what is legally regarded as a
radioactive substance and what particular controls apply.
In South Australia SI units have been used in the
legislation; however, outside documents such as the Code of
Practice on the Safe Transport of Radioactive Substance,
1982, still use the non-SI unit, the curie.

Exposure

Exposure is not used in the South Australian legislation
(although it may be in other State legislation) . However,
at least one of the outside documents to which the South
Australian legislation refers does use exposure and uses the
SI unit.

Absorbed Dose/.Absprbed Dose Rate

This is an important quantity from the point of view of the
practical day-to-day enforcement of the regulations. For
example, the new South Australian regulations require site
radiography to be carried out within a marked-off or roped-
off area. The absorbed dose rate at the boundary of that
area must not exceed 25 yGy/h. Similar provisions exist for
shielding for source containers and for radioactive
substances stores. Such provisions are common throughout
the legislation of all the States, although the quantities
and units used might differ. In the South Australian
legislation, SI units are used throughout, although external
documents may still use non-SI units.

Dose Equivalent

Dose equivalent appears in the South Australian legislation
in two contexts:

' in the context of dose equivalent limits, and
in the context of dose rates from neutron sources.

The dose limits are, of course, one of the fundamental
protective mechanisms designed to prevent adverse effects
from exposure to ionizing radiation. In the South
Australian legislation, derivatives of the dose equivalent
such as effective dose equivalent and committed dose
equivalent are also used. SI units are used throughout the
South Australian legislation, although non-SI units may be
used in external documents.



In the case of neutron sources, since most neutron meters
read directly in dose equivalent rate, the regulations have
used that quantity so that the shielding requirements for a
neutron source, for example, may be expressed as in terms of
microsieverts per hour.

Air Kerma

This quantity is being used in the South Australian
regulations in recognition of a recent recommendation of the
ICRU (and of the practice of the ICRP) that it be used in
situations in which the output of diagnostic X-ray machines
is characterised. South Australia may be unique in using
this quantity. SI units are used.

Working Level/Working Level Month

The working level (WL) is a quantity used to describe the
concentration of radon daughters in air. Although the WL is
defined in terms of potential alpha decay energy per litre
of air, it is measured by determining activity
concentrations in air. The working level month, as the name
implies, is a unit of personal exposure over time to
airborne radon daughters.

The following combinations of quantifies also occur in the
South Australian legislation:

activity concentrations, e.g. Bq tn~ / and
: a time integrated activity concentration. I do not know

of an orthodox name for this quantity, which is expressed
as Bq h m~3 .

IMPLICATIONS OF, THE NATIONAL MEASUREMENT ACT 1960

One of the purposes for which I am attending this workshop is to
enhance my understanding of just what are the implications of the
National Measurements Act 1960, for the administration of State
radiation protection legislation. It seems to me that the key
section of that Act is Section 10. My understanding of what
Section 10 means is that where a measurement of a physical
quantity is being made for the purposes of administering the
legislation,and presumably for the purposes of prosecuting
someone for breach of the legislation, then it has to be made in
accordance with that Section. Does this mean, for example, that
a radiation protection inspector needs to have instruments which
are calibrated by a verifying authority and against which a
verifying authority has issued a certificate in order to use the
readings of that meter as evidence in event of a prosecution?
Does it mean, for example, that measurements made by comparison



with activity reference sources from the U.S. and the U.K. cannot
be used in the event of a prosecution unless an Australian
certificate can be issued against those sources?

It could be that Section 10 has an even stronger meaning. In
various places in State legislation, users of ionizing radiation
have to carry out measurements, usually of absorbed dose rate.
It would be extremely rare for the instruments used to be covered
by a calibration certificate issued by a verifying authority.
Does Section 10 mean that, in terms of strict compliance with the
law, the measurements have not been made unless the instrument
used is covered by such a certificate? If this is so, it has
considerable implications, particularly for the dissemination of
the standards of measurement in the community.

In summary, the questions I am asking about Section 10 are:

. when, for a legal purpose, would it be necessary to
ascertain whether or not a measurement had been made in
accordance with Australian legal units of measurement?

. what exactly, in operational terms, do the calibration
requirements of Section 10 amount to?

PRACTICAL CONSIDERATIONS

Although there are legal questions surrounding the interaction of
the National Measurements Act with State radiation protection
legislation, practical measurement problems are not usually
severe. High accuracy is not a requirement of measurements taken
purely for protection purposes; errors of + 30% are usually quite
acceptable. Indeed, larger errors frequently occur. In the case
of radiotherapy, however, the situation is quite different. In
order for a source of radiation therapy to be delivered with the
minimum risk and maximum benefit, very precise dosimetry is
needed. It is therefore of concern that although radiotherapy is
routinely carried out in the 10 MeV to 20 MeV energy range, to
the best of my knowledge the highest energy at which an
Australian primary standard of exposure or absorbed dose is
available is that of cobalt-60.



FEDERAL GOVERNMENT LEGISLATION

H W C a r t e r

Office of the Supervising Scientist for the Alligator Rivers Region

1. Introduction

Although a computer search using the key words 'radiation' and
'radioactive' produced a list of 21 Commonwealth acts, including acts relating to
customs, navigation, telecommunications and health insurance, only one act in
this listing, plus three others not found by the search, appeared to be relevant to
the topic of this workshop.

The act found is the Environment Protection (Nuclear Codes) Act
197&, and the three additional acts are the Environment Protection (Alligator
Rivers Region) Act 1978, the Atomic Energy Act 1953 and the National
Measurement Act 1960.

None of these acts includes detailed requirements relating to the
measurement of ionising radiation, but each has requirements that indicate the
need for such measurements.I shall deal briefly with each of these acts.

2. Environment Protection (Nuclear Codes) Act 1978

The object of this Act is to make provision for protecting the health
and safety of the people of Australia, and the environment, from possible harmful
effects associated with nuclear activities . Nuclear activities are defined to
cover any activity involving uranium, thorium and elements of atomic number
above 92.

While such nuclear activities could create a number of possible
harmful effects, the one that first comes into mind in relation to health and
safety of people is exposure to ionising radiation, and this is presumably the one
that was most in the minds of the drafters of the Act.

The Act,however,does not make direct provision for the protection of
people's health and safety; its function is to provide for the production of codes of
practice. So far three such codes have been produced, dealing respectively with
worker and public health, transport of radioactive substances and the
management of radioactive wastes. These codes do not have the force of law, but
are intended to provide a uniform basis for State laws. There is provision.however,
in Clauses 12 and 13 of the Act for the Governor-General to secure the
observance of all or part of any of the codes if he is of the opinion that State laws
provide protection of a lower standard than the code.



. The Health Code

The Code of Practice on Radiation Protection in the Mining and
Milling of Radioactive Ores 1980 specifies basic radiation protection
standards (S 7), and requires a monitoring program to enable these
standards to be met (S J>q), measurements of dose equivalents, committed
dose equivalents and radon daughter exposures to be made and recorded (S
5x) for each designated employee.

. The Transport Code

The Code of Practice for the Safe Transport of Radioactive
Substances 1982 requires that the IAEA's transport regulations be
followed.

These international regulations require the measurement of specific
activity (e.g. S 120 and 121), surface contamination (e.g. S 120, 121)
neutron flux densities (e.g. S 132) and dose equivalent (e.g. 132, 137).
Since a full range of radionuclides is listed in Section IV, it is necessary to
be able to measure all types and energies of ionising radiation, in order to
comply with all possible requirements of the Code.

. The Waste Code

The Code of Practice on the Management of Radioactive Wastes
from the Mining and Milling of Radioactive Ores 1982 calls for a
monitoring program to measure radioactivity in air, water, soils and biota.

3. Environment Protection (Alligator Rivers Region) Act 1978

This Act does not directly address the measurement of ionising radiation,
but creates the statutory office of Supervising Scientist whose functions include
'collection and assessment of information relating to, the effects on the
environment in the Alligator Rivers Region of uranium mining operations in the
Region' as well as related research. Some of this information and research
involves radioactive materials and ionising radiation, and thus requires appropriate
measurement capabilities.

4. Atomic Energy Act 1953

This Act makes no mention of ionising radiation, but the functions of the
Australian Atomic Energy Commission (S 17) include several activities which
could not be properly carried out without measuring ionising radiation.

5. National Measurement Act 1960

This Act created the National Standards Commission whose functions
include the promotion of a uniform system of units and standards, and the
introduction of the metric system of measurement. The Weights and Measures
(National Standards) Regulations made under this Act define radiological units and
list the names of units of activity, exposure and absorbed dose (but not of dose
equivalent).



6. Discussion

While most legislation relating to the measurement of ionising radiation is
State legislation, it can be seen from the above that even the small amount of
Commonwealth legislation that exists in this area requires that facilities should
exist to measure ionising radiation in terms of activity, absorbed dose, dose
equivalent and exposure. The legislation does not go into detail of the type and
extent of these facilities, or who should provide them.

I was asked by the National Standards Commission to identify any areas of
concern in relation to the Commonwealth legislation. I have two, which must be
regarded as personal comments. The first is that this legislation which requires
various radiological measurements to be made, does not set up any means by
which such measurements can be made reliably and effectively. Thus there may
be doubts whether measurements made, for example, to comply with aspects of
the Transport Code, have been made appropriately or adequately.

The second is a detailed criticism of the ionising radiation sections of the
Weights and Measures (National Standards) Regulations. An important omission is
that there is no unit of dose equivalent listed although other acts call for the
measurement of dose equivalent; I understand that there is now a move to correct
this omission and list the sievert. A less important problem is that the listings
seem to be influenced by the old imperial system of units, where each size of unit
had a different name, for example, ounce, pound, ton, each of which had to be
listed. This has resulted in long lists of SI units, including prefixes for multiples
and sub-multiples. The problem is that the range of prefixes included in the
printed list is limited and potentially useful larger and smaller units are not
always listed. For example in listing the non-SI units of absorbed dose the
smallest unit listed is the millirad. Those of us concerned with dose rates at or
close to the natural background have been using the microrad for years,
apparently without legal sanction. Similarly no sub-multiple of the joule is listed,
but it is quite possible that the Health Code, when revised,will set radon daughter
exposure limits in terms of miliijouies.

This particular problem can be easily rectified by listing only the base
unit - joule, gray, sievert etc.for each type of measurement and listing separately
the full range of prefixes from atto to exa, to be used as needed.

The first of my two concerns, however, the lack of appropriate and
adequate resources to make the measurements of ionising radiation that are
required by law, is not so easily solved, but today's meeting is at least a step in
that direction.



OCCUPATIONAL HEALTH

J D Mathews

Department of Employment and Industrial Affairs, Victoria

Dr Mathews based his talk on two enquiries with which he has been associated,

in order to highlight the problems of the enforcement of regulations, and

testing compliance and applicability of the standards we are developing.

These two enquiries are:

(1) Code of Practice on Radiation Protection in the Mining and Processing of

Mineral Sands (1982). Department of Mines, Western Australia.

(2) The Protection of Workers' Health and Safety. Volume 1: Report of the

Occupational Safety, Health and Welfare Steering Committee. Presented to

the South Australian Ministers for Labour and of Health, May 1984.

Dr Mathews pointed out that, despite the existence of a set of technically

sophisticated standards and conceptual units for the measurement of hazard, in

the mineral sands industry units such as the working level month and the

becquerel/metre-3 have had to be developed. However, it is impossible to tell if

these units are in compliance with the law and internationally recognised

standards. Simple, applicable standards should be developed to tail whether a

worker is exposed to an excessive amount of alpha activity.

Another point of concern raised was the vast reading differences which occur

when measuring worker exposure with film badges and TLDs. In these instances it

is very difficult for the employer to know if (s)he is in compliance with the

law.

Dr Mathews suggested that practical exposure limits should be sec for the

uranium and mineral sands industry in Australia.



Dr Mathews Chen outlined the two—stage theory of standard setting developed when

preparing the South Australian report on occupational safety, health and

welfare. These two phases are:

(1) a technical procedure associated with quantifying the health effects

consequent upon exposure to a certain level of a hazard, i.e. the con-

struction of a dose effect curve,

(2) the social judgement of the risks when people are exposed to a certain

level of radiation.

Dr Mathews suggested that these two phases of standard setting should be

separated. The technical committees should obtain sound quantitative data

(phast 1) on which the general community can make a social judgement based on

the acceptability of those risks (phase 2). A. tripartite forum consisting of the

union, employers and the general public may be set up, as has happened in

Western Australia to oversee radiation safety in the mining industry.

Dr Mathews concluded his talk with an appeal for some co-ordination between the

multiplicity of bodies involved in radiation safety in order that they communic-

ate with one another and exchange information.



DISCUSSION SECTION III

L Collins I would like Co make three poincs:

(1) Hospical physicists do gee involved in providing calibration
facilities; we provide consiscency checks, although absoluCe
calibrations are carried out by AAEC.

(2) We often receive varying isotope activities from our overseas
suppliers.

(3) There is a lack of regulatory requirements for the regular
calibration of survey instruments within Australia.

Fleischmann We must be realistic. The NSW Department of Health does not have
the manpower, money or time to provide a detailed check on the
calibration of equipment as has been suggested.

Lokan There are two alternatives:

(1) charge a fee to cover the cost of labour,

(2) utilise, if they exist, commercial facilities which undertake
Chat calibration.

Leslie The Victorian Health Commission has such a system whereby there is a
combination of a license fee for calibrations as well as allowing
private firms under license Co the Healch Commission to provide the
same tests.

Morison It is important that we get information over to the public. We
seem to know little about natural sources of radiation and yet che
public is fascinated by small incremental doses in man-made sources.
I would like Co propose that there be some discussion on Che
measurement of background level of radiation.

Lokan With reference Co Che plea made by Dr Ma thews for simplifying unics
(with particular reference to Che mineral sands industry), this is a
complex problem with no simple answer.

Mathevs All I am asking for is some conceptual clarity. For example Che
working level month had co be invented by Che mineral sands industry
Co try an see if Chey were in compliance wich some sore of
recognised standard.

Blevin Perhaps we should discuss this problem of new, more applicable
standards and unics this afternoon (see Discussion on Present and
FuCure Problem Areas, Possible New Standards).

Oliver As a hospical radiation safety officer I would like Co point out
Chac:

(1) there are no clear cue codes of practice chac cxise Co which we
may refer,



Swindon

(2) there is no regulation requiring us Co calibrate radio-therapy
or diagnostic radiology equipment (we go by our own codes),

(3) there are no codes of practice which relate to the design of
equipment.

I would also like to ask. if there is anything that hospital
physicists can do, for instance in terms of a committee, for the
Radiation Health Committee.

The Radiation Health Committee would welcome any suggestions or
recommendations on codes.

Lokan For the last few years the Radiation Health Committee has sent codes
of practice out for comment to interested parties.

Donnelly With reference to Dr Mathew's paper, there is no evidence that the
levels of radiation found in occupational work, cause harm. In fact
there is almost as much evidence that there is a beneficial effect.
There is nothing to be gained by workers subjecting themselves to
medical examinations.



DISCUSSION ON PRESENT AND FUTURE PROBLEM AREAS

Dr Blevin opened che afternoon session by stressing Che poinc ChaC any
discussions should mainly be based on unics, standards of measurement,
calibration chains, availability of calibration and che accepcabilicy of
foreign-based calibrations as well as Australian-based calibrations. Human
interest in safe radiation levels was outside the terms of reference of todays
meeting, but if the need arose any associated problems could always be referred
to a more appropriate body.

STATE AND FEDERAL LEGISLATION

Blevin As requested by Mr Hamilton (see Section III) I would just like to
explain what Section 10 of the National Measurement Act I960 really
means.

Section 10 of the Act states:

"When, for any legal purpose, it is necessary to ascertain whether a
measurement of a physical quantity for which there are Australian
legal units of measurement has been made or is being made in terns of
those units, that fact shall be ascertained by means of, by reference
to, by comparison with or by derivation from -

(a) an appropriate Australian primary standard of measurement;
(b) an appropriate Australian secondary standard of measurement;
(c) an appropriate State primary standard of measurement;
(d) an appropriate recognised-value standard of measurement;
(e) an appropriate reference standard of measurement; or
(f) 2 or more standards of measurement, each of which is a standard

of measurement referred to in paragraph (a),(b),(c),(d) or (e),

and not in any other manner."

So, if there is a need to determine the legality of a measurement,
one has to be able to show chat the measurement is consistent with
the well-defined system of standards which exists under the Ace.

This process is clear for those physical quantities for which we have
Australian standards. However, it is not possible for every councry
to hold all standards, therefore not all measurements may be related
to local standards, e.g. microwave power standards maintained in
Australia do not provide for all possible frequencies. Nevertheless
there has never been a test case ia a court of law where people have
been convicted for using a foreign standard Chac is noc held in
Australia. Hopefully the magistrate would use his/her cosaonsense
about reliability of the source.

Carter I think chat there is a lot of reputable NBS traceable radioactive
material chac is being used which is not traceable co Che Australian
standard. Is the use of this aacerial legally acceptable?



Blevin If a problem arose in a dispute about that American standard, in
hindsighc would it be possible Co check thac standard?

Lokan Yes, traceabilicy of that NBS standard to the recognised Australian
standard could easily be made.

Career That is alright as long as commonsense prevails, but would the
standard be legal?

Blevin This problem of traceability is one that exists between all
countries. As a result, directors of some of the 'arge national
laboratories, e.g. the National Bureau of Standards (USA) and the
National Physical Laboratory (UK) are beginning to exchange
memoranda of agreement expressing the equivalence of their standards
to within known, small levels of uncertainty.

Lokan Comparison is easy for exposure standards, however radioactivity
standards are harder to define because they are not made by reference
to a standard measure. Absolute calibration is made by virtue of the
capacity to measure and it would be difficult to get agreement
between countries on this equivalent capacity to measure.

Parry International intarcomparisons have been made for well-established
radionuclides, and in these cases it is possible to establish proven
techniques and methodology.

Blevin I would now like to discuss the withdrawal of non-SI units from the
Regulations. It is the policy of the government and the National
Standards Commission that there exist a single system of units,
which means that non-SI units will gradually be withdrawn from the
Regulations.

Tha sievert and rea will soon be included in the Regulations. It is
then planned to withdraw the roentgen, curie, rad and rem, buC we
are behind the timetable of completing this by January 1986.

Hamilton As far as I am concerned, one of the main considerations before
eliminating non-SI units is the replacement of the Code of Practice
for the Sate Transport of Radioactive Substances which calls on Che
IAEA set of regulations which is in non-SI units. The IAEA code has
or is about to be replaced by a new solely SI unit code. World-wide
it has been suggested that Che present IAEA regulations be phased ouC
and replaced by the new regulations by 1990. During this transition
period it is important that Chose non-SI units mentioned in the IAEA
regulations are allowed to be used.

Blevia The problem of preferred SI prefixes in the National Measurement
Regulations was brought up by Mr Career. This system exists in
Australia although all prefixes are included in Che international
SI system.

Collins As a Commissioner, I would like to say chac Che National Standards
Commission will examine chis question of prefixes.
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Rosen A difference in legislation between Che scaces exists whereby an item
thac is not legally radioactive in NSW is legally radioactive in
another state.

Leslie Similar examples exist in Victoria.

Blevin Problems of this sort do exist, and Che Commission is not in a
position to solve this one. However such problems are normally
resolved as a result of interested parties convincing relevant
ministers that there is a need to meet and discuss Che problem.
Perhaps the Radiation Health Committee could be responsible for this?

STANDARDS HAUJTENANCE

Blevin We are aware that sometimes foreign standards come into Che country,
and these are neither compatible with themselves or with Australian
standards. There does not seem to be any dissatisfaction with the
quality of the standards maintained by ARL or AAEC, and certainly
CSIRO is very pleased with the task performed by ARL and AAEC in
maintaining these standards.

Is there any communication between NSC and SAA on the adoption of
ISO 31/10 as an Australian standard on the quantities and units of
nuclear reactions and ionising radiations?

Harvey Yes, NSC is represented on the SAA committee responsible for
adopting ISO 31/10 as an Australian standard.

Lokan About three years ago the Radiation Health Committee produced,
through the National Health and Medical Research Council, a glossary
of definitions to enable consistency in regulations and legislation.
There will probably be overlap with Che SAA standard.

Miller The SAA committee did not draw up the SAA standard referred to, they
took the ISO standard as presented to them and so the content was out
of their hands.

Swindon There is also an IEC document, I'd HOC sure if there is any overlap
with the SAA standard.

It seems strange Co me chat Che National Measurement Ace dees not
give definitions of quantities, it only includes units.

Blevia This would only be a problem if we were defining units for a quanticy
and no one knew what it was.

Allison With reference Co the ISO document:

(1) Che definitions of radiation quantities are brief and not
meaningful,

(2) a number of physical quantities art not included.
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Ficch What is rhe purpose of accepting ISO documents as Australian
standards?

Miller Acceptance establishes the status of the ISO document in Australia.

Lokan Would it be possible to reject an ISO document though?

Miller Certainly.

Blevin I would like to make a plea that Australia not depart lightly from
international practise. It is important that Australia accept and
support international uniformity unless there is something very
wrong.

POSSIBLE NEW STANDARDS

Bievin Dr Lokan mentioned the questions of electroa doszmetry, neutron
calibrations and megarad dosimetry. Are there any comments?

Fleischiaann There are gamma sterilisation plants, which are being built or have
been planned, which need calibration facilities to measure the large
levels of radiation present.

Parry Ac the moment there is an international agency technical committae
at the AAEC on food irradiation and sterilisation. There is a lot of
work being done on chemical dosimetry which operates well up to the
kilorad and megarad ranges, however it is not certain that these are
traceable to Australian standards. The measurement technique is
well-catered for.

Oliver What energy range will you go up to?

Lokan For clinical therapy there is a variable energy electron source
covering 6-18 MeV. What priority is there for electron dosicetry
traceability?

Oliver Obviously there is a need for traceability. There is no facility at
present, besides which there is going to be an increase in the
nuaber of high energy machines.

Sherlock I agree with Drs Lokan and Oliver, I also think chat the standards
for both X-rays and electrons should be improved.

L Collins Tvo 20 MeV machines will soon be installed in Australia. Ic is
essential that calibration is available.

Blevin Mr Lokan, there is obviously a pressing need for electron doslaecry
calibration. What about the priority for neutron dosiaecry
traceability?

Allison I do not think there is a pressing need.

Oliver Do facilities exist for calibrating neutron dececcing Instruments?



Parry Yes, AAEC do carry out such calibrations.

Blevin In a couple of the papers there was a plea for new units/quantities
and practical standards for measuring these quantities. How much
support is there for this concept?

Lokan It is difficult to get reliable measurements in the workplace in
areas such as occupational health. I feel that the answer lies in the
field competence of people such as radiation safety officers. There
is a big gap between a standards laboratory and the worker in the
field who actually makes the measurement. ARL run courses for radia-
tion safety officers. Is there a need for courses for industrial
radiographers? Perhaps TAPE and colleges of advanced education should
provide such courses. Unfortunately we provide the rules but we do
not provide the logistics to look after those rules once we have made
them.

Carter Yes, training is very important. On the question of radon daughter
measurements and working levels, it is important to get them into
legislation, because if they are not defined under the National
Measurement Act there may be problems using them legally. A second
problem relates to calibration. Until recently measurements have
been complex, but they relate to making an alpha activity measurement
which is traceable to a national standard. Increasingly electronic
black boxes have been used because they are more convenient, however
these black boxes are more difficult to check. There is therefore a
growing need for a calibration facility Into which the electronic
black box may be placed to check that it functions over a range of
conditions.

Lokan ARL has a radon (soon to be a radon daughter) calibration facility
which provides, through OECD, the Pacific component of a regional
international network of intercompared chambers which agree with one
another. The level of precision provides calibration at the working
level.

Sonneveld With reference to the training of industrial radiographers, radiation
safety training courses do exist, e.g. through colleges of advanced
education and TAFE.

Ma chews One of the recommendations made in the Code of Practice on Radiation
Protection in the Mining and Processing of Mineral Sands was that the
way in which the standards are foraulated leaves coo much to the
discretion of the companies. Perhaps some technical authority could
come up with a standard which would set the pace and allow companies
to depart from it if the company has a case to make. Ac the aooenc
the companies have to sake che calculations, and whereas larje
companies have the resources to do so, small companies often do not.

Lokan ARL are close to producing, with che mineral sands industry la WA, a
document which should provide a guideline for smaller companies.
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CALIBRATION SERVICES AND STANDARD TEST PROCEDURES

Giltnour I would like Co respond to Mr Carter's comments on Che ability of
NATA Co provide Che facilicies and capabilicies to measure ionising
radiacion. NATA does noC maintain Che expercise, however it does
provide Che mechanism whereby some funccion is performed. NATA
Cherefore provides the link between Che scandard-maincaining
organisation and the workplace. Although NATA is not involved with
ionising radiation at present, NATA, by using the existing expertise
in the community, is able to assess the calibration facility of any
industry.

Carter No criticism of NATA was incended, however do we have this comnmunicy
expercise in Australia? There is a desperate need for calibration
services in Australia. Although ARL and AAEC do some calibrations,
basically no such service exists, despice the face thac scandards
demand regular calibration.

King Regular calibration of instruments is essential in areas such as
industrial radiography. What is Che quality and "comprehensiveness"
of the calibrations ChaC are currently being performed? It is
important thac scates adopt similar protocols so that users know thac
the same type of calibration is being performed on an instrument that
is going to be used for a particular purpose. A useful thing to
result from todays workshop would be an agreement for the states and
interested parties to develop uniform calibration protocols.

Hargrave Along with the facilicies that are supplied a; ARL, a draft procedure
was produced that could be followed for calibration. Perhaps this
procedure was too comprehensive, but it was incended to enable the
calibration of protection instruments ac the highest level of
precision of which they are capable (about 4 or 5Z).

King We have found the procedure useful.

Lokan The feeling at ARL is that after one year's experience we might
gee together the users and sort out the bugs and so Cry Co gee a
reasonable standardised procedure based on real experience. We have
considered sending a particular instrument Co all authorities for
comparison to see how they perform.

Blevin Perhaps it would be useful if NATA were to be involved in any
meetings beCween the states and ARL?

Gilmour We would be happy Co accept an invitation to any such meeting.

Carter Am I right in thinking, then, that in twelve months time there
will be moves for NATA registration of all seven of Che facilicies
provided by ARL, to which I will be able to send instruments for
calibration?

Blevin Probably the states do not want to commit themselves right now, but
it seems thac they will have discussions with NATA. Be hopeful but
not assured!
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Gilmour Any such registration would certainly take longer than twelve months.

King With reference to the National Measurement Act, are there any legal
obligations when we perform calibration, with which we may not be
familiar?

Blevin There is no need to feel confined by the National Measurement Act.
People are free to do whatever calibrations they like, although
verifying authorities do have certain obligations under the Act.

Are there any comments on the differences in protocol from moving
fron exposure standards to absorbed dose measurement?

Lokan It will diminish with time, in particular as we get more absorbed
dose calibrations at higher energy.

Blevin With reference to Mr Allison's talk on the non-uniformity of the use
of different quantities, what can be done about this inconsistency?

Allison There is a Defence Standardisation Committee which has a NBC Defence
Equipment Subcommittee concerned with the standardisation of
equipment. This subcommittee also looks at the range of radiation
equipment in Australia, the types of equipment and what they measure.
I would be interested to know what the radiation instruments should
measure.

Miller SAA should probably get involved in this problem.

Allison I will present this problem to SAA in a written fora.

DISSEMINATION OF MEASUREMENT TO THE COMMUNITY

Blevin We seem to be good at producing regulations but we fall short on its
practical applications. ARL, AAEC and TAPE run courses, but perhaps
ARL or AAEC could produce a document on the present status of
measurement and its traceability in the field of ionising radiation.

Lokan ARL agree to this.

IMPLICATIONS FOR WORKER AND ENVIRONMENTAL SAFETY

Blevin There has been a tendency when discussing codes and legislation to
introduce the implications for the worker and environmental safety.
It is important that there is an assurance chat once measurements are
established, measurements can be taken in a reliable and accredited
way.
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DISCUSSION ON EXISTING PROVISIONS FOR THE MEASUREMENT

OF IONISING RADIATION IN AUSTRALIA

M W Carter

Pres iden t , Aus t ra l ian Radiation Protection Society-

Exist ing provisions for the measurement of ionising radia t ion in Austral ia ara

inadequate. These inadequacies may be discussed under the headings of equip-

ment, c a l i b r a t i on and t ra ined personnel .

EQUIPMENT

Effectively all equipment used to measure ionising radiation is imported, there

is no local manufacturing industry. This is in spite of the design ability that

exists at centres such as AAEC and ARL. AAEC have designed instrumencs f o r their

own use and have had then manufactured under licence, but in spite of this there

has been no effort to market these instruments. Thus the purchaser is always

dealing with agents rather than manufacturers, the instrument cannot be examined

before purchase as it is selected from a catalogue, and servicing is often of a

lower standard than one gets from a manufacturer.

Although, providing they are consistent, the units used in measuring ionising

radiation do not themselves make the measurement more or less appropriate or

adequate, only SI units are legally correct in Australia. Imported instruments

are not always marked in SI units, and this can lead to confusion when a mixture

of instruments are in use, some marked in SI and some in non-SI units. Overseas

manufacturers have been known to charge extra for SI marked instruments, and

have been known to incorrectly mark the SI converted scales. This problem will

diminish as more countries complete the changeover to SI.
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CALIBRATION

There is no generally available instrument calibration service in Australia.

Both AAEC and ARL offer limited services, but neither has the resources or

mandate to provide a commercial service available to all users. Few users of

radiation measuring instruments provide their own calibration facilities and so

most of the instruments in use in Australia are inadequately calibrated- When

one recalls that many overseas regulations call for recalibration every three to

six months, most radiation measuring instruments in Australia would not be

legally acceptable in other countries.

A draft Australian standard (revision of AS 2243 Safety in Laboratories, Part 4

Ionising Radiation) calls for instrument recalibration at annual intervals, with

more frequent constancy checks. This standard only applies to laboratories, but

even so how many instruments comply?

TRAINED PERSONNEL

Even if the instrument being used is properly calibrated, Chis is no guarantee

that useful measurements will be made. There is, unfortunately, no universal

instrument that is suitable for all circumstances. I know of a gaoaa dose rate

meter used to check that a package containing a low energy beta emittar was

"safe". Unless the users of radiation monitoring instruments have sufficient

training to select the appropriate instrument, use it correctly and thea corre-

ctly interpret the readings obtained, then the whole exercise is pointless.

CONCLUSIONS

There is a need: (1) to encourage the manufacture of suitable instruments in

Australia, (2) to establish one or more well resourced calibration services

which should be available to all users and whose calibrations can be traced to

the Australian primary and working standards held by AAEC and ARL, and (3) to

run training courses, particularly at the trade level, for the man who actually

holds the instrument.
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CONCLUSION

There is obviously a great dependence on AAEC and ARL in maintaining standards,

keeping abreast of new requirements, playing a role in the application of

standards and ensuring their accessibility. This workshop highlighted the need

for future discussions on calibration protocols between NATA, AAEC, ARL and

state authorities. The Royal Australasian College of Radiologists and the

Australian College of Physical Scientists would also like to be included in

these discussions.

The AAEC and ARL also agreed to produce a document detailing the status of

ionising radiation measurements and their traceability.

The Commission found it encouraging that the workshop supported the move towards

the deletion of non-SI units from the National Measurement Regulations, and will

examine the problem of preferred Si-prefixes.

Some problems seem to arise from a lack of communication, as shown between SAA

and the Department of Defence. The Department of Defence has the problem of

standardising quantities and appropriate units. They will look at the problem

and then approach SAA in an attempt to rasolve the problem.

There did noc seem to be a need to establish working groups. It was left up to

the individual parties concerned to follow up areas that have been highlighcad

during the course of the workshop.
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