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To Senator the Honourable John Button
Minister for Industry, Technology and Commerce
Parliament House
Canberra
ACT 2600

Sir

In accordance with Section 26(4) of the Australian Nuclear Science and Technology
Organisation Act 1987 I present the Annual Report of the Safety Review Committee,
covering its activities for the year ending June 30th 1988.

Yours faithfully

DR K H LOKAN
CHAIRMAN
SAFETY REVIEW COMMITTEE

4 October 1988

cc The Hon Barry O Jones MP
Minister for Science, Customs and Small Business
Parliament House
CANBERRA ACT 2600
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A smaller research reactor,
Moata, has operated since
1961. The SRC was advised
that the characteristics of
Moata make it inherently safe,
but supports the development
of formal documentation and
review by the Nuclear Safety
Bureau (MSB) in order to
confirm its operational safety.
The NSB is responsible to the
Minister for monitoring and
reviewing the safety of nuclear
plant operated by ANSTO. In
the Committee's opinion, the
NSB appears to be performing
its functions competently.
Radioactive wastes in liquid
and solid form are produced at
the site mainly from production
of radiopharmaceuticals. Low
level liquid wastes treated and
discharged to the Water Board
sewer are consistently below
authorised discharge limits.
Higher level liquid wastes are
being stored for the time being
while ANSTO develops
conditioning facilities to
prepare the wastes for long
term disposal. The SRC
considers that ANSTO should
accord this a high priority. Ail
solid wastes are currently
stored including lightly
contaminated low level waste
which is appropriate for
disposal at designated
municipal land fill sites.
. For the period under review,
data on discharges of airborne
and liquid effluents show that
discharges have been within
authorised limits. The
Committee, nonetheless,
believes that a new
authorisation for airborne
effluent should be adopted as
soon as possible to provide a
more realistic and accurate
basis for emission limits.
The number of professional,
technical and support staff in
the Health and Safety Division
is very favourable for the size

of the establishment and the
strength of its workforce.
• Occupational exposure to
radiation is only slightly higher
than the national annual
average and is substantially
lower than typical occupational
exposures observed in other
developed countries. About
three quarters of LHRL staff
wear film badges but it is
evident from radiation
exposure data that many more
employees are being
monitored than is strictly
necessary.
. The LHRL record in relation to
industrial health and safety is
probably better than average
for an industrial complex.
. The full scale response by the
Fire Brigade to a fire at Lucas
Heights in early 1987 showed
up some deficiencies in the
procedures and emergency
arrangements in relation to
accidents, which are being
reviewed. The Committee
recommends that major
planned safety exercises be
held more frequently to ensure
that contingency plans and
emergency procedures are
appropriate and well
understood.
The Committee has not been able
to review thoroughly all of the
facilities and operations at LHRL
in its first year, and it is proposed
that selected areas will be covered
in more detail each year. The SRC
notes that ANSTO has been cooperative and has provided
officers for briefing and discussion
and also a considerable number of
documents on health and safety,
reactor operations and safety,
waste management, safety
exercises and incident reports.
In summary, the Committee is
impressed with the scope and
quantity of safety documentation
and comments that ANSTO gives
a high priority to safety matters.
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1.3 MEMBERSHIP
Sections 26(9) to 26(11) require
the Minister to appoint up to six
members, one of whom is
appointed as Chairman and one
as Deputy Chairman, and a
majority of whom are not
members of staff of ANSTO.
Members of the Committee, as at
30 June 1988, are
. Chairman - Dr K H Lokan Director of the Australian
Radiation Laboratory
. Deputy Chairman - Dr J D
Harley - formerly Regional
Director, NSW Department of
Health (now practising as a
health consultant)

including occupational health and
safety and ANSTO's
arrangements for public health
and safety beyond the site.
The SRC also considered its role
and response in relation to
significant accidents or incidents.
The process agreed between the
SRC and ANSTO was that an
investigation would be carried out
immediately after the event by an
internal ANSTO committee and, if
deemed necessary by the SRC,
this would be followed by an
independent SRC investigation
which would have at its disposal
all information gathered during the
internal investigation.

It has also been agreed between
the
SRC and ANSTO that ANSTO
• Mr D R Davy - Director,
will
advise
the SRC Chairman by
Environmental Science
telephone when,any accident or
Division, ANSTO
incident occurs. The Chairman will
• Mr P J Herborn - Senior
then decide, on the basis of the
Planner, Sutherland Shire
information available, whether an
Council
SRC Member should be present
on site. Three incidents have been
• Professor W O Phoon notified during the year under
Professor of Occupational
Health, National Occupational review, none of which was
considered by the Chairman to
Health and Safety Commission
require SRC presence. The SRC
(Worksafe Australia).
later discussed these issues and
The Department of Industry,
agreed that they were of minimal
Technology and Commerce
safety significance.
provides the secretariat to the
During its meetings, the SRC
SRC. The Secretary is Mr J F
inspected
a number" of site
Campbell (Director, Policy and
facilities, including the two
Corporate Services Division).
research reactors HI FAR and
Moata, and the Little Forest Burial
1.4 ACTIVITIES OF THE
Ground and other waste
COMMITTEE
management areas, and was
The SRC meets at the Lucas
briefed by ANSTO officers on
Heights Research Laboratories
these and other topics, including
(LHRL) to enable ready access to the proposed medical cyclotron,
ANSTO staff and to site facilities. the Nuclear Safety Bureau, health
The Committee met on 3 August
and safety operations, the
1987,15 and 16 October 1987, 28 proposed transfer of spent HIFAR
and 29 March 1988, and 29 June fuel to the USA and emergency
1988.
arrangements in the event of a
major accident.
The first meeting was largely
given over to the development of
The SRC has also received from
the Committee's program for the
ANSTO a considerable number of
year. The Committee decided that documents on health and safety,
its role was primarily to audit and reactor operations and safety,
review safety activities at LHRL,
waste management, safety

exercises and incident reports. A
list of documents reviewed by the
SRC is contained in Appendix A.
Some topics will be regular
agenda items for each SRC
meeting. The Committee cannot
thoroughly review all of the
facilities and operations at LHRL
in one year, and it is proposed that
selected areas will be covered in
detail each year.
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2.2 ANSTO'S CURRENT
PROGRAMS

ANSTO's enabling legislation was
enacted following the 1986
Review of the AAEC
commissioned by the former
Minister for Resources and
Energy (Senator Evans) to provide
the basis for the future
development of nuclear science
and technology in Australia.
ANSTO's Corporate Plan
describes its mission as to

procedure.- using nuclear science
and associated technologies;
produce radioisotopes and
radiopharmaceuticals for use in
nuclear medicine and health; and
advance the understanding of the
influence of radiation on living
tissue and develop methods to
minimise adverse effects.

3.Environmental protection - apply
radioanalytical methods,
radioactive tracer techniques and
associated methodologies to
environmental systems; develop
cost effective methods of
monitoring the effects of uranium
• benefit the Australian
and other mining activities
community by the development including the development of
and application of nuclear
technologies for the processing of
science and technology in
uranium and other radioactive
industry, medicine, agriculture
ores; investigate the transport of
and other fields
radioactive pollutants in the
environment, including ecological
* maintain a high regional and
systems; investigate and devise
international standing in
methods of minimising the
nuclear matters
environmental impact of nuclear
. carry out tasks as required by activities, including the
the Commonwealth
management of radioactive
Government.
wastes.

While the AAEC regarded itself as
principally a research and
development organisation,
ANSTO's creation was recognition
that Australia's needs in nuclear
matters have changed. ANSTO
also sees itself as a supplier of
services and products to industry,
governments and other
institutions, Its five programs
outlined below are more fully
described in the ANSTO
Corporate Plan.

4.Nuclear technology - provide
educational services and
encourage the training of
researchers in nuclear science
and technology, either alone or in
collaboration with other
institutions; operate nuclear
facilities; undertake projects when
requested by government;
maintain expertise and an efficient
mechanism for providing advice to
government on matters associated
with nuclear science and
technology.

1 .Industrial applications - develop
and apply nuclear and associated
technologies to improve industrial
products, processes and
productivity; encourage and
facilitate technology transfer;
supply high quality goods and
services; and collaborate actively
with industry.

S.Support services - provide timely
and efficient engineering and
administrative services; manage
and maintain the Lucas Heights
site; provide an effective
occupational health and safety
service; and provide and maintain
specialist services and facilities.

2.Biomedicine and health - work
with the medical and other
professions to apply and develop
diagnostic and therapeutic

Major projects currently under
way, planned or envisaged include
production (and expansion) of
radiopharmaceuticals and

radioisotopes at Lucas Heights. A
National Medical Cyclotron
Facility, to be owned and operated
by ANSTO and located at the
Royal Prince Alfred Hospital
(RPAH) in Sydney, will produce a
range of isotopes, complementary
to those produced at Lucas
Heights, for distribution to nuclear
medicine departments at hospitals
throughout Australia.
A number of very short lived
radioisotopes will also be
produced by the cyclotron for use
in a Positron Emission
Tomography (PET) facility at
RPAH to enable advanced
medical research and clinical
diagnostic techniques to be
applied to common medical
disorders of high social cost, such
as epilepsy, stroke, heart disease
and certain psychiatric ailments.
In addition to HIFAR operation
and refurbishment, ANSTO
operates two other significant
nuclear research facilities, Moata
and a Van de Graaff accelerator.
ANSTO and the University of
Sydney have proposed a joint
venture to provide training,
research and consultancy in risk
and reliability engineering to apply
ANSTO's expertise in this area to
potentially hazardous industrial
plant. A Technology Park is
proposed to be established at
Lucas Heights outside the current
LHRL site in conjunction with the
Illawarra Technology Centre, to
provide a focus for interaction with
industry and transfer of technology
based on the programs, facilities
and expertise at the site.
In relation to nuclear waste issues,
ANSTO is co-ordinating a program
of studies into residual
contamination at Maralinga and
Emu nuclear test sites. Stage 2 of
the Synroc program commenced
in 1987, to demonstrate the
feasibility of fabricating Synroc
containing simulated radioactive
waste on a commercial scale.
Waste management activities are
more fully described in Chapter 5.

Figure 2.1
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List of Buildings
1. Administration and Library
2.

CSIRO Division of Fuel Technology

3.

Engineering and Metallurgy

4.

Printery and Boiler House

5. AINSE
7. Heavy Materials Store
8. The Gate House
9. Australian School of Nuclear
Technology

40.

HIFAR Offices

41.

High Activity Handling Cells No1

42.

HIFAR Rig

43.

HIFAR Workshop and Sub-store

44. Meteorology
45. CSIRO Coal Research
46. Solvent and Gas Cylinder Store

10.

Flammable Liquids Store

47. Meteorological Tower

11.

Effluent Control Laboratory

50.

Timber Store

12.

Effluent Treatment Plant

51.

Graphite Workshop

13. Water Tower

52.

Computer Building

15.

HIFAR Reactor

53.

Stevens Hall Motel

16.

Isotope and Applied Physics

54.

High Activity Cells No2

17. Workshop No 2

55.

Health and Safety Division

18. Main Store

56.

Nuclear Materials Fabrication
Laboratory

57.

Medium Level Waste Treatment

59.

Bulk Store

60.

CSIRO Coal Research

19. Isotopes Research
20.

Laundry and Decontamination

21.

Environmental Science

22. Applied Physics
23.

Isotopes Laboratory

63. Testing and Inspection
Laboratories

25.

Engineering Services

64.

Nuclear Technology Division

26.

Maintenance Workshops

65.

Information and Reception

27.
29.
34.

Radioactive Waste Storage
HIFAR Cooling Towers
Environmental Science
Radiochemical Laboratory

66.

Chemical Engineering
Development Laboratory

67.

CSIRO Division of Mineral and
Process Engineering

35. Canteen

69.

Waste Transit Facility

37. Nuclear Materials Store

70.

Electrical Power Supply Building

2.3 LEGACY FROM PAST
RESEARCH PROGRAMS
Research programs of
AAEC/ANSTO conducted in the
past gave rise to certain wastes or
products that influence current
operations.
From the late 1950s to the mid
1960s the AAEC had a major
research program aimed at
developing a high temperature
gas cooled (HTGC) reactor
system which included the use of
beryllium (Be). Accordingly, large
stocks of reactor-grade beryllium
metal and beryllium oxide (BeO)
were in use. The waste Be and
BeO (amounting to 1.07 tonnes)
was disposed of by shallow
ground burial at the Little Forest
Burial Ground (LFBG) which was
operational as a disposal site
between 1960 and 1968. The
presence of this Be and BeO in
the burial ground trenches
restricts the i jnge of remedial or
long-term strategies for land use
that could be applied to the LFBG.
[See Document 18, Appendix A].
The excess Be and BeO is stored
in building 69. This building is of
brick construction with a concrete
floor. It is well removed from any
through road and no flammable
materials are present within it.

decommissioned and
decontaminated. The
contaminated wastes that arose
from the program were, if
sufficiently dilute, sealed in cans
and buried at the LFBG (6.88
grams in total). Discrete plutonium
waste was canned and placed in
the concrete storage pits of
building 27.
The AAEC also had a research
interest in the 'thorium fuel cycle'
that was in vogue in the 1960s.
For this purpose, high grade
thorium ore enhanced to about
22% thorium dioxide was acquired
from some mineral sand
operations of the day. This
material was never used and is
still in storage in building 59. The
relatively high gamma dose-rate
from the thorium and its decay
products limits slightly the storage
operations in this building since
other drums (eg compacted low
level solid waste) are used as a
shield for this material.

Between 1954 and 1971, the
AAEC arranged, on behalf ot the
Commonwealth, for the production
of yellowcake at the Rum Jungle
uranium mine and mill. Most of the
output was contracted for sale
under defence agreements to the
UK and USA. However, the
'below-ore-grade material'
The HTGC reactor program also
(BOGUM) from the Rum Jungle
called for components turned from South Mine was excess to this
natural uranium and thorium. The
need and when the BOGUM
swarf (fine waste from machining) material was milled at the end of
from these operations would
the Rum Jungle operation the
oxidise if exposed in air and could resulting yellowcake went into
catch fire spontaneously. Because storage at Lucas Heights. This
of this the swarf is stored in sealed stockpile has occasionally been
drums under kerosene. ANSTO is loaned to meet commercial export
working towards converting this
contracts. The remaining stockpile
metal swarf to a stable oxide
is currently stored in drums in
under controlled conditions. It is
building 59. Over the years the
anticipated the converter will be
yellowcake in storage has been
operational by late 1988.
added to marginally through
laboratory scale or pilot scale
During the 1960s the AAEC also
operations by mining companies
carried out research into the
chemistry of fissionable elements, at uranium deposits not yet in
particularly plutonium. To this end production.
During the 1960s the AAEC was
a 'plutonium suite' existed in
interested in all aspects of the fuel
building 2. This has since been

cycle and several facilities were
built for this purpose. A Critical
Facility was commissioned but
was never used for its intended
purpose. While the main floor area
has long since been put to other
uses, the vault system that would
have been used for storage of
fissionable materials is now used
to store new HIFAR fuel under
International Atomic Energy
Agency (IAEA) safeguards. Hot
cells constructed with
reprocessing research in mind
were never used for that purpose
and were redeployed when the
radiopharmaceutical program
grew rapidly as a result of the
development of a broad range of
products based on technetium.
Uranium enrichment based on
centrifuge technology was a major
research program of the AAEC
from the mid 1960s until the early
1980s. The centrifuge research
program has since been
terminated and the equipment
decommissioned. Although small
banks of centrifuges could be
reassembled and would be
potentially useful in several
commercial purification processes
(none of which involve uranium),
the uranium hexafluoride
purchased as feed stock for
centrifuge development is now
surplus and is currently stored in
building 59.
Many of the materials described
above as being in storage uranium hexafluoride, yellowcake,
thorium enriched mineral sands,
beryllium metal and oxide - have
significant commercial values and
ANSTO is in the process of
seeking purchasers for them.
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Figure 3.1 HIFAR REACTOR
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• review of the HIFAR
authorisation, to take into
account the establishment of
ANSTO, and of any
authorisation for Moata
• other activities as assigned by
the Board.
NSB procedures for HIFAR
provide for a staged review
process covering safety significant
modifications proposed by the
Executive Director. Such
proposals are submitted to the
NSB for its agreement at one or
more stages of their
implementation. In providing
agreement, the NSB may set
conditions or make
recommendations on proposals
but does not become involved in

design or modifications. Final
approval to proceed rests with the
Executive Director and line
management or, where there is
disagreement, with the ANSTO
Board.
The nuclear reactor Moata
operates at powers up to 100 kW
and, because of its low power and
small fission product inventory,
has not been subject to a formal
Authorisation. The Executive
Director has provided, for Bureau
review, a document giving the
current safety case for Moata
operation and a draft operating
authorisation is being developed.
3.1.1 NSB LIAISON WITH THE
SRC The Director of the Bureau
has briefed the SRC, at its

meetings in October 1987 and
March 1988, on reactor safety
issues and the operations of the
NSB. Members of the Committee
have taken the opportunity to raise
questions on these matters and
discuss issues at some length.
The Committee also receives
copies of the Quarterly Reports of
the Bureau to the Minister. In the
Committee's opinion, the NSB
appears to be performing its
functions competently.
The Bureau is not required to
submit an Annual Report to the
Minister for tabling and, with the
Minister's concurrence, the SRC
and the NSB have agreed that a
summary report containing the
substance of the NSB Quarterly
Reports to the Minister should be

Figure 3.2

Top Plate
Concrete
•Shield

Top Shield

HI FAR REACTOR
Schematic -not to scale

Control
Aluminium
Tank

Steel Tank
and Lead

Fuel
Elements
Graphite —

HIFAR Schematic: not to scale
appended to the Committee's
Report. This MSB Report is
reproduced at Appendix B and
outlines in more detail the role and
responsibilities of the Bureau. This
enables the findings of the two
nuclear safety review bodies to be
available to Parliament and to the
public in the one document. The
Quarterly Reports of the Bureau
are available from ANSTO.

3.2 REACTOR
MANAGEMENT
During the current financial year,
reactor operation and
management structures have
been revised. The former
Reactors Department was
previously responsible for the
operation, maintenance and
refurbishing of HIFAR. The
operation and maintenance of
HIFAR are now the responsibility
of the Reactors Division and the
Refurbishing Program is carried

out by the Engineering Division.
Moata is located in building 22
and is operated by staff of the
Applied Physics Division.
A Reactors Committee was
established in 1983 to overview
and advise on reactor activities,
particularly in relation to safety
and utilisation. The Committee's
functions are to review the content
and progress of the HIFAR
Refurbishing Program and safety
assessment studies, to review
broad safety aspects of the
operation and utilisation of HIFAR
and Moata in relation to
compliance with Operating
Authorisations and to consider
other matters relating to HIFAR
and Moata.
The Committee performs a
reviewing, co-ordinating and
advisory role on broad policy
matters, meeting at two-monthly
intervals. Membership is drawn
from a number of areas (at senior
level).

3.3 MOATA

A central feature was the building
of a nuclear research reactor. It
was believed then that Australia
would develop its own nuclear
power reactors, based on its own
research reactor, its own uranium
and Australian expertise. The
main uses of HIFAR were
foreseen to be: to support
research programs on reactor
materials, radiation chemistry,
fission physics, reactor control and
safety; and as a neutron source
for research such as neutron
diffraction and scattering,
production of radioisotopes and
neutron activation analysis.

The nuclear reactor Moata
commenced operations in 1961. It
can provide steady streams of
neutrons with a wide range of
intensities for periods of a few
minutes to several hours and its
neutron irradiation stations are
readily accessible for a wide
variety of nuclear research and
applications, such as neutron
radiography, uranium analysis,
soil moisture calibration, neutron
irradiation and neutron diffraction
stress analysis. Unlike HIFAR,
which operates on a cyclical basis,
Moata can be started up and shut HIFAR was set up as a national
down in a day.
facility to provide a focus for
Moata operates at thermal powers Australia's nuclear research and
only up to 100 kW (one percent of to provide nationwide access to its
HIFAR). Because of its low power high neutron output for research
and development. Since the
and small fission product
demise
of Australia's nuclear
inventory, it has not so far been
power
aims
in the early 1970s,
subject to a formal Authorisation,
although the Committee has been HIFAR's role in producing
radioisotopes for research,
advised of and has seen a
agriculture, industry and especially
document which sets out the
nuclear medicine has grown
safety case for the facility. The
substantially.
SRC was advised that the
characteristics of Moata make it
inherently safe, but supports the
development of formal
documentation and review by the
NSB in order to confirm its
operational safety.

3.4 HIFAR
The larger of the two research
reactors at Lucas Heights is the
High Flux Australian Reactor
(HIFAR). It is one of six reactors
built to a British design. Other
reactors of the same type are still
operating in the UK, Denmark and
West Germany.
When the AAEC was established
in 1953, one of its first activities
was to plan the construction of a
suitable research establishment.

One major advantage of using
neutrons is that they preferentially
detect light elements while x-rays
preferentially detect heavy
elements. This property of
neutrons makes neutron
radiography very important for
analysis of plastics or
hydrocarbons, which makes
HIFAR and Moata valuable
research and commercial tools.
3.4.1 HIFAR Construction
The reactor is housed in a circular
steel building 20 m (metres) in
diameter and 20 m high. As the
building is sealed, access for
people and equipment is through
personnel and vehicle airlocks.
This construction is designed to
minimise the escape of radioactive
gas or dust should they be
accidentally released.

The reactor is at the centre of the
building within heavy shielding 7
m high and 7 m across. The core
of HIFAR is as small as a
domestic washing machine and
consists of 25 vertical fuel
elements 15 cm apart which form
a cylinder about 80 cm in diameter
and 60 cm high, at the centre of a
HIFAR is a medium-power
2
m diameter aluminium tank
research reactor, which at full
which
is almost filled with heavy
power generates ten megawatts of
water. The quantity of uranium in
heat within the core. While this
one fuel element is 250 grams: the
power output is quite substantial
whole
core therefore contains 6.25
for a research reactor, it is small
kilograms
of uranium.
compared to the power output,
fuel loading and fission product
Each fuel element consists of
inventory of a nuclear power
several concentric metal tubes,
station which typically generates
through which heavy water is
about 2-3000 megawatts of heat.
pumped for cooling. Each tube is
HIFAR first went critical in early
2 mm thick and the highly
1958, though it was not brought
enriched uranium fuel is enclosed
up to full power on a regular basis within aluminium cladding, which
for a further two years. HIFAR
protects the uranium from
continues to be the focus for much corrosion and prevents escape of
of ANSTO's work.
the highly radioactive fission
products.
In 1960, the Australian Institute of
Nuclear Science and Engineering The heavy water tank is encircled
(AINSE) was set up to facilitate
by another tank containing
the use of HIFAR by Australian
graphite, which helps to improve
academic institutions. Most
the neutron economy by scattering
Australian universities and
escaping neutrons back into the
advanced research centres have
reactor. This in turn is surrounded
access to HIFAR through AINSE. by a 10 cm lead shield and a

concrete shield 1.5 m thick, which
absorb neutrons and other harmful
radiation, thus permitting people to
work close to the reactor.

3.5 HIFAR SAFETY
REFURBISHING
PROGRAM
The accident in 1979 at the Three
Mile Island nuclear power plant in
the USA increased public concern
and industry consciousness about
safety systems. However,
maintenance of safe operating
practices and upgrading of safety
at HIFAR have been ongoing
projects from the early days.
Until 1986, the HIFAR Safety
Document 1972, together with the
1982 Supplement (which took
account of changes to the reactor
since 1972), comprised the safety
analysis report for HIFAR. Other
relevant documents prepared
since that time also form part of
the safety case for HIFAR.
The refurbishment of HIFAR was
recommended by the National
Energy Research Development
and Demonstration Council in
1979. A HIFAR Engineering
Safety Upgrading Working Party
was established to examine the
various systems at HIFAR and to
suggest where improvements
could be made, particularly to
safety systems.
The HIFAR Refurbishing Program
was approved in June 1982. The
AAEC had also undertaken
modifications to the containment
system and the reactor
emergency core cooling system,
which were completed in 1983.
Since the Program was
commenced, 3 further items have
been added. A list outlining each
component of the Program, its
purpose and status as of May
1988 appears at Appendix C.

3.6 CONCLUSION

The Committee notes that HIFAR
has operated without accident or
serious incident for thirty years. It
commends the action taken by the
AAEC and ANSTO in
implementing the refurbishing
program which will result in
upgrading and modernisation of
reactor safety systems. The
Committee also notes that ANSTO
is proposing a further
modernisation program to improve
instrumentation and control
beyond the current refurbishing
program. This provides
considerable assurance that the
reactor will continue to operate
safely in the future, given
continuing maintenance,
replacement of obsolete
equipment and oversight by
reactor management and the
Nuclear Safety Bureau.
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this process is not performed in
Australia.
Manufacture of
radiopharmaceuticals at ANSTO
gives rise to small quantities of
waste containing highly
radioactive fission products.
These wastes are commonly
referred to at ANSTO as high level
but, in view of the quantities and
concentrations, would be more
correctly categorised as
intermediate level in accordance
with recognised standards and
definitions.
It is important also to note that
within these categories, there are
different types of wastes which
require different handling and
management methods, depending
on the form of the material (solid,
liquid or gaseous), the half-life and
nature of the radioactivity (long or
short-lived, alpha, beta, gamma,
high or low energy) and the
chemical properties of the
elements. Wastes arising at
ANSTO and their management
are discussed below.

5.2 WASTES PRODUCED
AT ANSTO
As for any other nuclear science
establishment, accumulations of
radioactivity at the Lucas Heights
Research Laboratories (LHRL) are
inevitable and a system of
management is required to
dispose of them. In general the
radioactive wastes generated at
LHRL which require disposal are
modest, although there is an
historical inventory of waste
materials from earlier activities
which still requires secure storage
and management pending their
long-term disposal.
Radioactive waste may be
classified in two ways, both in
terms of its state (airborne, liquid
or solid) and its potential hazard
(low, intermediate or high level).
High level wastes are
characteristic of an industrial

nuclear fuel cycle, where highly
active spent fuel elements from
power reactors are stored and
eventually reprocessed.
Accordingly they generate waste
streams of high activity which
require long term immobilisation
isolated from the biosphere. No
such wastes are generated at
Lucas Heights. The wastes which
do occur arise from the operation
of the HI FAR reactor (used for the
production of radioisotopes for
medical and industrial use) or from
the deployment of generally low
level sources in research.

Radioactive argon-41 (Ar-41),
which has a half-life of 110
minutes, is also produced in
HIFAR when neutrons are
absorbed in stable argon, which is
present in the air used to cool
irradiation rigs. This Ar-41 is
released through the HIFAR
ventilation stack.

Most radiopharmaceuticals
produced at Lucas Heights are
derived from molybdenum-99
(Mo-99), which is extracted as a
fission product from uranium
irradiated in HIFAR. Other fission
products formed at the same time
5.2.1 Airborne Waste
include isotopes of the inert
(noble) gases, xenon and krypton,
Significant quantities of airborne
which can escape during the hot
wastes arise during the operation
cell operations which involve the
of HIFAR and from the processing
opening of the can containing the
of irradiated targets in HIFAR for
irradiated uranium. The
the production of fission isotopes
composition of the noble gases
used mainly in the preparation of
which are released depends
radiopharmaceuticals. All
markedly on the half-life of each
ventilation systems for areas
through such determining factors
handling significant quantities of
as irradiation time, delay before
radioactive material include
their chemical dissolution, duration
initially a high efficiency filter for
of the dissolution step and the
particulate material (HEPA filter).
exact manner in which the
In use these filters gradually block
irradiated can is opened. Under
and cause a pressure drop in the
current operation by far the most
air flowing through them. When
significant isotope is Xe-133.
this pressure drop begins to
reduce the efficiency of the
ANSTO also manufactures some
system the HEPA filters are
radiopharmaceuticals in building
replaced. The old filters are
23 using imported radioactive
treated as medium level solid
iodine (1-131). Any iodine released
waste.
during these operations is
absorbed by the activated
Depending on the expected
charcoal traps in the ventilation
presence of radioactive gases or
system but minor releases occur
vapours the HEPA filter may be
occasionally. Activated charcoal
supplemented by a bank of
is rendered inefficient through
activated charcoal to absorb
adsorption of water vapour and, in
iodine and, to a lesser extent, the
particular, vapours of acids. The
noble gases (argon, neon,
performance of charcoal traps at
krypton, xenon, radon). That part
Lucas Heights is routinely
of them that does not decay while
monitored and they are
adsorbed on activated charcoal is
periodically replaced. The old
released from one or other of the
traps are treated as medium level
ventilation stacks, as is all
solid waste.
radioactive material that passes
through the HEPA filter and the
Tritium, a radioactive form of
subsequent traps. The only
hydrogen, is produced in HIFAR
significant atmospheric releases
from heavy water. Some tritium is
from the Lucas Heights site are
released through the ventilation
noble gases.
stacks, in the form of water

vapour, mostly at the time of-major
shutdown and maintenance
periods which occur every 2 to 3
years. Downgraded heavy-water,
from whatever source, is stored in
drums in building 57 prior to
reconditioning in Canada. During
this storage phase some tritium
may escape as water vapour and
be released.
During HIFAR operations the
heavy water is continuously
cleaned up by ion-exchange resin
columns to remove corrosion
products. When these exchange
resins are spent they are replaced
and are treated as medium level
solid wastes.
5.2.2 Low Level Liquid Waste
All laboratory sinks, ablution block
drainage and floor drains in
buildings that could be used in the
handling of radioactive material
are connected to a designated
drainage line and the water
flowing from it is treated as low
level liquid waste which flows
sequentially through holding
tanks, treatment tanks and holding
tanks prior to discharge to the
Water Board sewer line. The
operation of the low level
radioactive water treatment plant,
and the associated monitoring
program, are fully described in
Document 17 (see Appendix A).
5.2.3 Medium Level Liquid
Waste
Specific waste vater streams
resulting from operations involving
handling of higher levels of
radioactive material are treated as
medium level waste and flow first
to a local delay tank. These
wastes are treated on a batch
basis. Depending on initial
analysis they may end up with the
low level stream (prior to
treatment), they may be treated
specifically by a process tailored
to their radioactive content or they
may go into long-term storage.
Process waste streams of known
higher radioactive content, where

transport, treatment and/or
storage is determined by the
gamma-radiation field, are treated
as higher level radioactive wastes
with their own holding tanks and
go straight into long-term storage.
There is only one liquid waste
stream of this class, which results
from chemical dissolution of
irradiated uranium from which the
Mo-99 fission product has been
extracted for use in the
radiopharmaceutical program.
This waste (currently about 3.5
cubic metres) is stored in
suspended stainless steel
cylindrical tanks in the shielded
basement of building 57. The
tanks are separated from each
other by a concrete block wall.
Beneath each tank is a catch trap
of adequate size to hold its
contents should a leakage occur.
Spoonbill drains surround this
area and lead to a sump from
which any contained waste can be
remotely pumped. The storage
tanks can be filled, sampled and
emptied through a remotely
controlled pneumatic system.
ANSTO plans to condition this
stored higher level waste. A
concentrating and conditioning
plant has been installed and
commissioned in a hot cell. It is
yet to be decided whether to store
the waste over the long-term as a
very concentrated solution in
double-walled containers in
boreholes in concrete or to solidify
it in an appropriate solid waste
matrix.
The management of medium level
liquid waste is also described in
Document 17 (see Appendix A).
5.2.4 Low Level Solid Waste
All disposable material - tissues,
gloves, syringes, glass and plastic
containers - used when handling
radioactive material is treated as
low level solid waste. Generally,
after some sorting and
compaction, this material is stored
in 200 litre drums lined with plastic

bags and sealed with rim-bolted
flip-top lids which, up to the
present, have been stored in
building 59. These drums are
inspected routinely and the
contents of those showing any
signs of corrosion are redrummed.
Another source of low level solid
waste is the sludge resulting from
the treatment plant for low level
liquid waste. After drying in a solar
evaporator this sludge is drummed
and stored with the other low level
solid waste.
Up to the present, ANSTO has not
disposed of low level solid
radioactive wastes in the manner
recommended by the National
Health and Medical Research
Council (NH&MRC) in its Code of
Practice for the Disposal of
Radioactive Waste by the User
(1985). This Code recommends
that appropriate wastes may be
consigned to designated municipal
land fill sites. To do so would have
clear advantages; it would allow
safe disposal of lightly
contaminated materials which
would lead in turn to a tidier and
safer operation through reduction
in the risk of fire. The Committee
understands that ANSTO has
recently consulted the NSW
Department of Health in regard to
approval from the Metropolitan
Waste Disposal Authority for
acceptance, under the Code, of
low level radioactive waste at the
land fill site at Lucas Heights.
The Committee recommends that,
as soon as practicable, ANSTO
should dispose of low level solid
radioactive waste according to the
provisions of the NH&MRC Code
of Practice for the Disposal of
Radioactive Waste by the User
(1985).
5.2.5 Medium Level Solid Waste
Most of the medium level solid
waste has its origin in HIFAR.
Spent exchange resins and HEPA
filters have been mentioned

previously; other components
include the non-fuel ends of fuel
rods (separated when the spent
fuel element is cropped in a hot
cell), fuel element plugs and
replaced control arms. The main
source of medium level solid
waste not directly associated with
HIFAR is the solid residue left
after the chemical dissolution of
uranium in the
radiopharmaceutical program.
These wastes are separately
categorised and go into long-term
storage in deep concrete lined pits
excavated in sandstone under
building 27. These pits have been
under-bored as a control measure
against the possibility of ingress of
ground water to the pits. Provided
that the contained radioactivity
(predominantly induced cobalt
(Co-60) with a half-life of 5.24
years) has decayed sufficiently for
easy handling, these wastes will
be disposed of at a National
Waste Facility when it becomes
available.
Quite recently ANSTO has
changed its procedures related to
these wastes. Increased
segregation at the source is now
practised and the waste is cut up
at this time for easy placement in
an appropriately categorised bin.
These bins are then placed in
designated racks within the
storage pits for subsequent easy
retrieval. In 'this way particular
containers will be able to be
removed when appropriate and
sent for disposal. In the past, all
wastes were mixed and removal
was determined by the activity and
half-life of only a few waste
components (eg control arms).

5.3 CONCLUSION
The Committee considers that the
present handling and
management of radioactive
wastes is quite acceptable and
supports the move by ANSTO to
dispose of low level solid waste at
a designated municipal land fill
site.

Medium level solid wastes, not
suitable for such disposal, are
being stored for the time being in
a safe manner and in such a way
Jhat they will be readily retrievable
for ultimate disposal to a national
waste repository.
Higher level liquid wastes are
presently held in interim storage
and still require decisions about
long term disposal strategies and
the development of appropriate
conditioning facilities. The
Committee considers that ANSTO
should give this project substantial
priority.
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Organisation and provides
Quarterly Safety Reports (QSRs)
to the ANSTO Board summarising
all of its activities. It is an active
contributor to all safety related
committees and working parties
covering ANSTO operations and
the QSRs provide an overview of
these committees' activities.
The Director of the Division serves
as chairman of the Safety
Assessment Committee, which is
responsible for the safety
assessment of submissions for all
work with a potential for harm and
which examines periodically the
safety of all operations at LHRL
except those relating to nuclear
safety aspects of nuclear reactors.
The SRC has not yet carried out a
comprehensive review of the
activities of HSD. The Committee
has visited the Division and has
been briefed by the Director and
other staff on its activities and has
examined the QSRs for 1987
prepared by the Division.

6.2 OCCUPATIONAL
EXPOSURE TO
RADIATION

ettect is an increased
chance of a future cancer or
an adverse genetic change
and the effect is assumed to
be proportional to the
exposure.

About three quarters of the LHRL
staff wear film badges, to assess
both their whole body exposures
and exposures of relevant
Radiation protection standards are individual tissues. In 1987, only 3
'"orkers received annual
set to prevent the occurrence of
exposures exceeding 15 mSv, and
non-stochastic injury, and to limit
the incidence of stochastic effects the mean annual whole body dose
was 0.75 mSv, or less than two
to rates comparable with
per cent of the annual limit. This
occupational fatality rates
number may be compared with a
encountered in other industries
national annual average figure for
considered to be safe. An annual
limit for exposure of the whole
occupational exposure to radiation
of about 0.5 mSv. It is worth
body is set at 50 mSv, with the
noting that average Australian
additional requirement that
exposures should be kept at levels occupational exposures are
'as low as reasonably achievable.' substantially lower than those
observed in other developed
The nature of both the research
countries, where a typical figure is
work and the scientific services
5 mSv per year, arising in part
provided by ANSTO at the LHRL
from civil nuclear power programs.
is such that all employees are
For purposes of comparison, it
identified as radiation workers,
may be noted that the natural
and are subject therefore to
environment delivers about 2 mSv
regular surveillance and radiation
per year.
monitoring as necessary. For such
employees, it is required that their The distribution of whole body
exposures is shown in Table 6.1
occupational exposure is
below, where it is evident that
assessed and that for those
whose annual exposures are likely many more employees are being
monitored than is strictly
to exceed three tenths of the
annual limit (ie 15 mSv), individual necessary.

Table 6.1
Occupational exposure to ionising
radiation is subject to standards
recommended by the National
Health and Medical Research
Council, which are based on the
Recommendations of the
International Commission on
Radiological Protection. Two
forms of radiation injury are
identified
a. direct observable damage to
individual organs or tissues,
known as 'non-stochastic'
injury, for which the annual
recommended exposure limit
is 500 millisievert (mSv) for
most tissues and 150 mSv
for the lens of the eye
b. 'stochastic' injury, where the

radiation monitors shall be
provided.

Distribution of Whole Body
Occupational Exposures 1987

Table 6.2
Distribution of Tissue Doses
-1987

Dose Range (mSv)

Number

Dose Range (mSv)

Number

<0.5
0.5 -<1.0
1.0 -<2.0
2.0 -<5.0
5.0 -<10.0
10.0 -<15.0
15.0 -<25.0
25.0 -<50.0
>50.0

628
33
22
53
17
11
3
0
0

<0.5
0.5 -< 1.0
1.0 - < 4.0
4.0 -<10.0
10.0 -<20.0
20.0 -<50.0
50.0 -<150.0
150.0 -<250.0
250.0 -<500.0
> 500.0

491
119
67
56
10
17
6
1
0
0

The preparation and handling of
radioactive materials used in
medicine and in industry give rise
to irradiation of part of the body
only (usually the fingers and skin).
For such exposure, the limit is 500
mSv per year except for the lens
of the eye. The distribution of
tissue doses for 1987 is presented
in Table 6.2 - the corresponding
mean annual tissue dose is 2.8
mSv.
Those staff who are likely to inhale
or ingest radioactive material in
the course of their work - mostly
those involved in the preparation
of commercial materials - are
routinely examined with a whole
body monitor, which is a low
background enclosure fitted with
detectors to measure internal
radioactivity. In this case, there is
defined for each radioactive
species an Annual Limit of Intake,
which will deliver in the future a
dose equivalent to 50 mSv. The
most likely species to be found are
technetium-99m and iodine-131,
both of which are supplied by
ANSTO for use in nuclear
medicine. While these isotopes
are sometimes detected, the
maximum intakes in 1987 inferred

from measurements of whole body
burdens were small compared
with the Annual Limit of Intake.
From the point of view of
occupational radiation health, ihe
performance of the LHRL is very
satisfactory, and the Health and
Safety Division is to be
commended for the thoroughness
of its work.

6.3 WORKPLACE INJURIES

Statistics are kept of all accidents,
injuries and illnesses. The results
of radiation monitoring (see
previous section) are recorded
and regularly reviewed, and
routinely reported to ANSTO
management through the QSRs.
The distribution of injuries and
causes of accidents are detailed in
Tables 6.3 and 6.4 below.
A total of 241 injuries, ranging
from the serious to the trivial, were
reported in 1987, deriving from a
workforce of approximately 1200.
This indicates an incidence rate of

Radioactive Contamination/
Radiation Exposure
Bruising
Foreign Bodies
Crushing Injuries
Sprains/Strains
Fractures/Dislocations
Burns
Open wounds/Lacerations
Chemical/Dust
Other

The incidence of illnesses at
LHRL does not seem to be workrelated and the general level of illhealth amongst the staff is in no
way exceptional when compared
with other workplaces. This is also
the conclusion reached in the
'Survey of the Health of
Employees in the Research
Establishment of the Australian
Atomic Energy Commission at
Lucas Heights, Sydney' conducted
in 1978. [See Document 31,
Appendix A].
The Site Medical Officer informed
the Committee that many
employees sought the advice of
the Medical Section about matters
of general health concern, and not
only those pertaining to their work.
In our opinion, this is in keeping
with the broadening of the concept
of occupational health and should
be encouraged.

Table 6.4
Distribution of Accidents 1987

Table 6.3
Distribution of Type of
Injuries-1987
Type of Injury

about 20%, which is comparable
with national figures for reportable
industrial accidents. Bearing in
mind that all injuries, no matter
how minor, are required to be
reported this suggests that the
safety record at Lucas Heights is
probably better than average.

Number Proportion

7
28
6
3
104
7
9
54
17
6

2.9
11.6
2.5
1.2
43.6
2.9
3.3
22.4

7.1
2.5

Type of Accident
Falling
Manual Handling
Struck by Moving Object
Step on/Bump against Object
Vehicles
Hand Tools/Machinery
Electrical
Radioactive Materials
Flames/Hot Substances
Chemicals
Sports
Travel
Other

Number

41
46
17
26
10
23

1
8
8
11
28
6
16

Proportion
17.0
19.1
6.6
10.8
4.2
9.5
0.4
3.3
3.3
4.6
12.0
2.5
6.6

6.4 PLANNING FOR
ACCIDENTS OR
INCIDENTS
The presence on the LHRL site of
major radioactive sources,
including in particular the HIFAR
reactor, has led to the evolution of
a site emergency response plan
for any accident, which might have
adverse consequences, both
within and beyond the site
boundaries. This plan, known as
'APTCARE' (A Plan To Cope with
Accidents at the Research
Establishment), came into being in
the 1960s. It has been updated
from time to time and was last
reviewed and modified in 1985. Its
prime purposes are to identify
resources and organisations
which may have a role to play in
post accident control - for example
Fire Brigade, Ambulance and
Police - and to have in place well
rehearsed contingency plans to
deal with an accident should one
occur.

level of media and public interest,
and did not address the need for
frequent accurate and
authoritative information releases.
An internal Committee of Inquiry
examined this incident in detail
immediately afterwards, and
reported its findings to the then
AAEC. The SRC understands
that, as part of a continuing review
of APTCARE arrangements,
changes are to be introduced to
take account of the lessons
learned from the above incident
and to accommodate new
arrangements with the presence
now of CSIRO on the site.
The Committee suggests regular
exercising of contingency plans
and emergency procedures, more
frequently than has been the case
in the past. The Committee
understands that one major
exercise is planned for later this
year, involving a response to a
notional release of oxides of
nitrogen from the Synroc building.

situation arose in part because
of the heavy rain, which
restricted the available
capacity of the holding tank,
and partly because a valve
was inadvertently left open,
allowing effluent to enter the
discharge pond from a holding
tank, at a faster rate than it
could be discharged to a
sewer. By the time this water
reached a sampling point
upstream of its entry into the
river, no radioactivity could be
detected above normal
background. Operational
procedures have been
changed to prevent a
recurrence of this incident.
. Slight contamination on a small
hammer mill, used in the
Ceramics Laboratory for the
preparation of Synroc and
other materials, was identified
prior to routine
decontamination and
clearance. This became an
'incident' only because it had
attracted media attention.

There are various possible
scenarios but the 'reference
accident', which has bef/n chosen
as the basis for contingency
planning, is the release of
radioactive products to the
environment, following a loss of
coolant at full power in the HIFAR
research reactor and subsequent
breach of containment. This is a
somewhat extreme example, but
the planning is intended to bs
sufficiently flexible to deal with
lesser accidents, even of a
different character.

An arrangement has been set up,
under which any incident or
accident with a potential for offsite consequences is reported
immediately to the SRC
Chairman. He will decide whether
there is a need for a member of
the Committee to take part in any
immediate internal investigation,
which ANSTO may institute under
the direction of the Director,
Nuclear Safety Bureau. This will
provide liaison and ensure that
adequate information is gathered
for any subsequent assessment
by the SRC.

The Fire Brigade made a full
APTCARE response early in
1987, when a fire occurred in a
'hot cell' in building 54, used for
the processing of radioactive
isotopes. In the event, this incident
did not lead to the release of any
significant radioactivity, but it did
illuminate some deficiencies in
planning. The main shortcomings
were that the procedures and
arrangements did not make
adequate allowance for the high

It is not an easy task to identify
Three minor incidents, none of
which required the presence of the realistic and credible accident
scenarios, against which
SRC at the time, were also
contingency
plans can be
reported to the Chairman
developed.
The
SRC asked
immediately after they were
ANSTO
to
review
situations, other
identified
than those relating to HIFAR,
• A release of contaminated
which could lead to accidents with
water as overflow from a
potential off-site consequences. A
discharge pond on site, which
list has been prepared for future
subsequently drained into the
analysis and study, mostly relating
Woronora River, during a
to fires in areas where potentially
period of high rainfall. The
toxic or hazardous materials are

. A leak occurred over a period
of a week from a temporary
storage tank of liquid waste
containing mixed fission
products in building 57, which
is designed to contain such
spills, and was cleaned up on
a routine basis. No radioactive
liquid was released to the
environment. The fault was
corrected and measures
implemented to ensure that
any future leak would not be
undetected for such a period.

stored. The situations identified on
the list will be reviewed by the
Committee, when they have been
further assessed by ANSTO.
6.5 CONCLUSION
Occupational exposure to
radiation is only slightly higher
than the national annual average
and it is evident from radiation
exposure data that many more
employees are being monitored
than is strictly necessary. Records
suggest LHRL is probably better
than average in relation to
industrial health and safety.
The full scale APTCARE response
in early 1987 showed up some
deficiencies in the Plan. The SRC
recommends that major safety
exercises be held more frequently
to ensure contingency plans and
emergency procedures are
appropriate and well understood.
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20 per cent of the limits imposed
by the NSW Regulations for these
two isotopes.
There is a considerable factor of
safety in this assessment, since
much of the activity is made up of
short-lived fission products, for
which the limits are substantially
greater. For tritium, which is
measured separately, the
concentration was less than one
per cent of its specified limit.
The Committee was also advised
that representative composite,
samples, drawn from a point
between the holding tanks and the
sewer, are provided monthly to the
NSW Department of Health for
independent analysis, should they
so desire.
Storm-water discharges must also
meet regulatory standards, in this
case established under the Clean
Waters Act administered by the
State Pollution Control
Commission (SPCC). Sampling
sites determined by the SPCC are
routinely monitored by ANSTO.
Data provided to the Committee
indicate that radioactivity
concentrations are commonly
below detectable limits and, in the
period under review, were less
than 30% of the allowable limit.
Releases of airborne effluents to
the atmosphere are also regulated
under the NSW Radioactive
Substances Act, in this case by
means of a special authorisation
formulated in 1967 by the AAEC
and accepted by the NSW
Radiological Advisory Council
under the Radioactive Substances
Regulations (1959).
This authorisation sets limits on
the total quantity which may be
released over any quarter from
specified exhaust stacks. The
limits are derived on the basis of a
worst case model in which the
dose to nearby employees,
treated as members of the public,
is estimated under conditions that
the emission plume washes
directly down upon them.

Data provided to the Committee
for 1987 indicate that argon-41
releases from HIFAR approach
80% of the present authorised
limit. However, a more realistic
model leads to an estimated dose,
calculated by ANSTO under worst
case conditions for a most
exposed member of the public
living permanently near the site, of
0.01 mSv/year which is about 1%
of the current limit for a member of
the public.
The details of the modelling used
in the 1967 authorisation relate to
recommendations of the
International Commission on
Radiological Protection (ICRP)
which date from 1959 and to
operations existing at Lucas
Heights in the 1960s. The
Committee is aware that ANSTO
has prepared for the consideration
of the NSW Radiological Advisory
Council a draft Radioactive
Airborne Release Discharge Limit,
which takes into account
developments in radiation
protection understanding in the
intervening 21 years and improved
modelling and more realistic
assumptions about individuals
who might be exposed.
The Committee believes that it is
important that a new authorisation
based on this proposal should be
adopted as soon as possible, as it
will provide a more accurate and
realistic basis for emission limits.
On a quarterly basis, data on
radioactive releases from the
individual stacks are forwarded to
the NSW Radiological Advisory
Council and to State Departments.
Annual releases from individual
stacks are quoted in the annual
report on the Lucas Heights
Environmental Surveillance
Program. These reports are public
documents and copies are placed
in, for example, the Sutherland
Shire Central Library in
Sutherland. While the Committee
has had access to current data,
the most recent information

published in 1988 relates to data
collected in 1985.

7.2 THE AUSTRALIAN
SAFEGUARDS OFFICE
The Australian Safeguards Office
(ASO), which has operated since
1976, was formally established on
31 March 1987 under the Nuclear
Non-Proliferation (Safeguards) Act
1987, which also created the
statutory position of Director of
Safeguards. The Committee has
not yet been briefed by the ASO
but such a briefing is planned for
1988-89.
The ASO is located
administratively within the
Department of Primary Industries
and Energy and maintains close
liaison with Government
departments with responsibility for
nuclear safeguards policy and with
ANSTO, uranium industry
companies and other
organisations in Australia which
possess, use or transport nuclear
items. The ASO also maintains
regular liaison with the
International Atomic Energy
Agency and foreign agencies in
relation to their nuclear
safeguards agreements with
Australia. The safeguarding of
nuclear materials, such as HIFAR
fuel and uranium in various forms
at ANSTO, also has public and
operational safety implications in
relation to providing assurances
and reducing potential risks
arising from the presence and
handling of such materials.
The Annual Reports of the ASO,
tabled in Parliament, provide more
detail of the role and functions of
the Office. The 1986-87 Report
comments, in relation to physical
protection at Lucas Heights
'42. The ASO also examined
physical protection
arrangements at the Lucas
Heights Research Laboratories

of the ANSTO, where the
Director of ANSTO Security is
responsible for ensuring that
standards of physical
protection meet requirements
arising from Australia's
international commitments. The
ANSTO's performance has
been satisfactory.1

7.3 CONCLUSION
For the period under review, low
level liquid wastes treated and
discharged to the Water Board
sewer have been consistently
below authorised discharge limits
and data on discharges of
airborne and liquid effluents show
that such discharges have also
been within authorised limits. The,
Committee, nonetheless, believes
that a new authorisation for
airborne effluent should be
adopted as soon as possible to
provide a more realistic and
accurate basis for emission limits.
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APPENDIX B
1987/88 ANNUAL REPORT
OF THE NUCLEAR
SAFETY BUREAU
Section 25 of the ANSTO Act
requires the Board to appoint such
staff as the Board determines to
constitute a Nuclear Safety
Bureau (NSB) which, under the
Act, is responsible to the Minister
for monitoring and reviewing the
safety of any nuclear plant
operated by the Organisation. The
Minister's Direction to the Board of
19 October 1987 states that the
Executive Director of ANSTO is
responsible to the Board for the
safe operation of any nuclear plant
operated by ANSTO and requires
the NSB to report to the Minister,
on a quarterly basis, matters
relating to its functions of
monitoring and reviewing the
safety of ANSTO's nuclear plant.
Section 25 of the Act defines
nuclear plant as a nuclear reactor
or assembly of fissionable material
in respect of which criticality is
contemplated or possible. This
definition encompasses the
nuclear reactors HIFAR and
Moata, which are owned and
operated by the Organisation and
located at the Lucas Heights
Research Laboratories, and the
storage there of fissionable
material required for their
operation. Monitoring and
reviewing nuclear plant safety are
not defined in the Act, but are
interpreted by the NSB to include
those activities undertaken for
each issue, subject to resources
available, to determine whether all
reasonably practicable measures
are being taken to ensure
ANSTO's nuclear plant is
operated safely.
The nuclear reactor HIFAR
operates at a power of 10 MW, or
about one third of one percent of
the thermal power of nuclear

reactors typically used for
electricity production. HIFAR first
became critical 30 years ago.
Moata, the other nuclear reactor at
Lucas Heights, which operates at
a power of up to 100 kW, or one
percent of the power of HIFAR,
became critical 27 years ago.

year. The NSB consists of two
Units, the Nuclear Plant Safety
Unit staffed by engineers and the
Radiological Support Unit staffed
by scientists. The NSB is located
at Mascot in Sydney and operates
independently of the line
management of ANSTO.

The Minister's Direction to the
Board requires the Executive
Director to put to the NSB for
review, for subsequent Board
approval, any policies, procedures
and guidelines which are
proposed to be implemented to
ensure nuclear plant safety. The
currently approved policies,
procedures and guidelines for
HIFAR are contained in the
document called AuthorisationHIFAR Operation, hereafter called
the Authorisation. Because
Moata's power and fission product
inventory are low its operation in
the past has not been subject to a
formal authorisation, although one
is under development within the
NSB.

The reactor HIFAR continued to
operate under the Authorisation,
issued on behalf of the Australian
Atomic Energy Commission to the
Director Research Establishment
in June 1983. The Authorisation is
under review to take into account
changes resulting from the
formation of ANSTO in April 1987.
The work of the Bureau during the
year concentrated on HIFAR
rather than Moata since HIFAR
has the greater fission product
inventory. Considerable effort in
the NSB was devoted to reviewing
modifications to reactor plant
proposed or being undertaken by
HIFAR management.

HIFAR is operated subject to
compliance with requirements
which are spacified in the
Authorisation and which the NSB
uses as a basis for selectively
reviewing and monitoring
operations. Under the
Authorisation the NSB also
reviews proposals for
modifications where these involve
significant safety issues.
Under Section 25 of the ANSTO
Act, the Board determined in April
1987 that the NSB comprise a
Director supported by eight
professional officers and
clerical/administrative staff as
necessary. Not all professional
positions were filled during the

NSB staff closely monitored the
installation and the test and
commissioning stages of a new
electrical power supply system for
HIFAR, by auditing
implementation of the quality
assurance and quality control
procedures used by HIFAR
management, with particular
attention being given to the
arrangements for supplying
safety-related equipment. NSB
staff witnessed selected tests on
safety-related plant, and examined
non-conformance reports arising
from quality control activities, as a
means of assessing compliance
with the specification.
HIFAR management proposed a
number of structural modifications
to increase the seismic resistance

of HIFAR and a submission of the
proposal was reviewed by the
NSB. The NSB agreed that the
proposed program should
proceed. Subsequently, HIFAR
management commenced reexamination of the original
proposal in the light of its more
recent work on the resistance of
the HIFAR structure to seismic
events.
A facility for the storage and
cooling of HIFAR fuel elements on
removal from the reactor is
available within the reactor
containment building. A proposal
from HIFAR management to
modify the cooling circuit to
improve reliability was reviewed
and endorsed by the NSB subject
to conditions. NSB officers
monitored the installation work
and witnessed acceptance tests
on the automatic seals for
pipework passing through the
containment wall.
The NSB reviewed a proposal to
replace existing obsolescent
nucleonics equipment at HIFAR
and advised HIFAR management
on certain safety-related aspects
of the equipment specification.
The NSB also provided advice on
the development of a design
specification for a proposed new
reactor protection system under
consideration for HIFAR. The NSB
accepted a proposal by HIFAR
management to make available an
existing system for the supply of
light water directly into the reactor
as an additional source of coolant
in the event of loss of coolant.
The NSB reviewed and with
conditions agreed to a proposal by
HIFAR management to provide
control of the polar crane via a
radio link. The proposal included
arrangements for a phased
introduction of the modification
involving an initial period of
operation on non-nuclear loads
prior to lifting nuclear loads.
The space conditioner system in
the reactor containment building

provides the capability to reduce
post-accident pressure increase in
the building under certain
postulated accident conditions.
The NSB reviewed a proposal for
final acceptance of the system
which had been modified to
improve reliability.
The emergency control room is
located outside the reactor
containment building. HIFAR
management re-examined the
requirements for an emergency
control room for HIFAR, and
recommended that an assessment
be made to determine the extent
to which the existing emergency
control room meets these
requirements, and that it be
maintained to ensure that it has a
high probability of performing its
safety functions in the event of an
accident in HIFAR. The NSB
agreed with the recommendations
and, pending completion of the
assessment, audited the
emergency control room to
examine the state of readiness for
the interim period. Suggestions for
improvements were made to
HIFAR management, some of
which have been implemented.
Further assessment awaits the
availability of resources to
management.
Changes to the arrangements set
out for meeting certain
requirements of the Authorisation
can be implemented by the raising
of a Notice of Amendment (NOA)
by HIFAR management and
despatching it to the NSB. During
the year five Notices of
Amendment were raised by
HIFAR management and reviewed
by the NSB. Three were accepted
by the NSB and two were the
subject of further review.

HIFAR operation is contained in a
number of documents listed in the
Authorisation. The NSB provided
comments on documents provided
by HIFAR management intended
for eventual formal inclusion in the
existing safety case.
The Commission of the Australian
Atomic Energy Commission
approved Stage 1 of a proposed
HIFAR Safety Documentation
Updating Program. Although
some progress has been made
this documentation updating is
incomplete. The NSB was advised
by management that the effort
required to update the
documentation was currently not
available but that strategies for
early resumption of progress were
under consideration.
The reactor fuel element core is
contained within the reactor
aluminium tank and those parts of
the tank which are in close
proximity to the core are exposed
to high levels of radiation which
cause gradual changes in material
properties. The NSB sought an
assessment of the reactor
aluminium tank and asked HIFAR
management for a statement
relating to the monitoring of the
status of reactor aluminium
components for changes which
could affect their integrity.
Materials specialists in ANSTO
commenced a study on the
question of current radiation
effects in HIFAR structural
materials.

The Reactors Committee of
ANSTO examined a proposal by
HIFAR management to operate
HIFAR outside normal operating
conditions by having only one
primary coolant pump operating,
following pump failures. The
NSB response to a request from
Reactors Committee advised the
HIFAR management for initial
Executive Director that the
advice on a proposal to remove
proposed mode of operation
the professional engineers from
would not downgrade the safety of
continuous shift duties was held
the reactor. The reactor was
pending development of new
subsequently operated at 8 MW
proposals by HIFAR management.
with one primary coolant pump for
The existing safety case for
one operating period.

HIFAR operating procedures
require that all unusual operating
events are recorded. They are
classified by HIFAR management
either as operating occurrences
or, if they are safety significant, as
abnormal occurrences. All
abnormal occurrences are
reported to the MSB. There were
two abnormal occurrences at
HIFAR reported during the year.
One was a bomb hoax. The other
concerned an oversight of a
procedural requirement, following
a routine pressure test of the
reactor containment building. One
abnormal occurrence at Moata
was reported, relating to a shield
plug being left out of an
experimental facility in June 1987
due to a procedure not being
followed prior to start up of the
reactor. Improved procedures
were subsequently introduced by
HIFAR and Moata management to
reduce the possibility of
recurrences.
The NSB closely monitored efforts
by HIFAR management to identify
an instrumentation problem which
had caused frequent and
unexplained reductions in the
operating power level of the
reactor. These events were
recorded as operational
occurrences. Special purpose
diagnostic equipment was used by
HIFAR management to assist in
fault identification. Since the
replacement of a faulty switch no
unidentified power reductions
have occurred.
The classifications of other events
at HIFAR as operating
occurrences were reviewed by the
NSB and found to be appropriate.
Nuclear fuel, both before and after
use, must be managed so as to
ensure that accidental criticality
cannot occur. To this end, within
the Organisation, a Criticality
Officer is appointed by
management to assess criticality
hazards, and administrative
arrangements exist for criticality
control. The NSB examined the

documents relating to the handling
and storage of fuel for, or from,
HIFAR, Moata and the Critical
Facility, the latter not now being in
service. Examination was limited
to an audit of the documentation,
and the adequacy of
administrative arrangements to
ensure continuity of responsibility
for the requirements set by the
Criticality Officer. The NSB
accepted that the documented
arrangements for this purpose
were adequate.
The NSB reviewed information
provided by the Australian School
of Nuclear Technology (ASNT),
concerning the nuclear safety
aspects of its natural uranium and
graphite sub-critical assembly,
and accepted the conclusion
provided by ASNT management
that the sub-critical assembly is
not physically capable of
achieving criticality in any credible
circumstance.
The Cask Safety Assessment
Report, provided by the
contractor, for the irradiated fuel
shipping cask for shipping HIFAR
fuel, states that the results of the
criticality analysis confirm that the
cask payload remains sub-critical
under all normal and accident
conditions. The NSB ascertained
that this had been independently
confirmed by an ANSTO specialist
in the field.
As indicated above HIFAR is
being progressively upgraded or
refurbished. Review by the NSB of
these activities absorbed a
significant proportion of NSB
resources. Matters raised by the
NSB in monitoring and reviewing
the safety of nuclear plant
operated by the Organisation
during the year were addressed or
planned for attention by the
Organisation.

APPENDIX C
HIFAR REFURBISHING
PROGRAM
ITEMS IN PROGRESS
1. Upgrading of electrical power
supply system (EPSS).
Purpose - Loss of power is a
common cause of failure of
operating plant. The old power
supply system does not have all
the desired characteristics of
modern systems and the new
system features two redundant
subsystems for normal power
supply, and standby supply.
Safety (elated and critical
operating plant have also been
electrically separated to improve
reliability.
Status - Most of the manufactured
plant has been delivered. Cabling
and interaction with existing
reactor plant have been carried
out as much as possible to avoid
interruption to reactor operations.
Expected completion date
September 1988.
2. Cooling Towers.
Purpose - Replacement of old
cooling towers, some of which are
in poor condition, and upgrading
to conform with new seismic
resistance recommendations.
Status - Expected completion date
1989.
3. Seismic Modifications.
Purpose - Consultants
recommended modifications to
enable a higher rate of ground
acceleration to be withstood.
Specifications have been
prepared and submitted to the
Nuclear Safety Bureau. A program
of work has been suggested and
preparations are in progress for
tender action.
Status - Discussions are

continuing with NSB. Expected
completion date March 1989.
4. Upgrading of containment and
ventilation system.

safety documentation.
Status - Seismic resistance report
obtained. Work on implementing
recommendations is covered at
12. Safety documentation
requirements still being examined.

Purpose - Replacement of old
equipment, some of which was not
designed for a modern safety role 8. Consultancy by Siemensand much of which requires
Interatom - ongoing program.
expensive maintenance.
Purpose - Provision of expert
Status - Proposals submitted to
advice. Inputs have been mainly
Nuclear Safety Bureau. Expected on EPSS but have also covered
completion date 1990.
seismic resistance.
5. Replacement of compressed air
supply system for safety related
equipment.
Purpose - Present system is old
and needs replacing to ensure a
reliable supply of compressed air.
Status - Little progress so far
owing to higher priority tasks.
Expected completion date 1990.
6 .Improvement to the
instrumentation and control
system.
Purpose - Most of HIFAR's
instrumentation was based on
design standards and equipment
available in the 1950s. The
proposed upgrading has been
deferred for incorporation into a
wider modernisation program
which is awaiting approval.
Modern systems criteria are being
used to determine the types of
protection system designs in use
and commercially available.
Status - Not well advanc&d so far awaiting recruitment of an
instrumentation engineer and
completion of the EPSS.
7. Analysis and documentation for
safe operation and maintenance ongoing program.
Purpose - To obtain consultants'
analysis as input to preparing

ITEMS COMPLETED
1. Civil works to accommodate
upgrading of EPSS.
Purpose - A new building and
cabling trenches were required to
house the new power supply.
Each subsystem is housed in
separate sections of the building
and separate inground trenches
and reactor building penetrations
are used for the cable systems.
2. Upgrading of irradiated fuel
storage block.
Purpose - To enable the storage
block to contain a full core of
irradiated fuel.
3. Upgrading of various
mechanical engineering
components.
Purpose - Provision of new
bellows to be held as spares to
avoid lengthy shutdowns should
leaks be detected in the operating
bellows.
4. Data Acquisition System.
Purpose - To replace and
modernise the computer based
monitoring and warning system
which was installed in 1970. Major
needs are in relation to the new
EPSS and to monitor existing
HIFAR functions.

APPENDIX D
LIMITED EXPLANATION
OF TECHNICAL TERMS
ALPHA particle is produced by a
radioactive decay process and in
various nuclear reactions. It
consists of two protons and two
neutrons, carries two positive
charges and is identical with the
nucleus of a helium atom.

FISSION is the process by
which a nucleus splits into two
approximately equal fragments
plus several free neutrons,
releasing large amounts of energy
which appears as gamma
radiation and heat.

BETA particle is produced in
radioactive decay processes and
in nuclear reactions. It may carry
either a positive or negative
charge but, in common usage, the
term refers to the negatively
charged particle identical to an
electrofj.

FISSION PRODUCT
INVENTORY is the amount of
fission products contained within
the fuel rods of a nuclear reactor.
The fission products are highly
radioactive and their containment
from the environment is the major
objective of nuclear safety. Power
reactors have a much greater
fission product inventory than
research reactors.

COSMIC RAYS are radiation
received on the earth which
emanates from space with a great
variety of energies.

CRITICAL FACILITY is a
research facility where
combinations of possible nuclear
reactor core configurations may
be tested. The critical facility at
Lucas Heights was never
commissioned.
CYCLOTRON is a particle
accelerator which can produce a
range of radioisotopes for medical
application which are not available
from a nuclear reactor. The use of
these radioisotopes in other
countries has shown that they can
extend the horizons of nuclear
medicine and provide a better
understanding of the biological
processes by which diseases
develop.
DOSE is the amount of energy
delivered to a mass of material by
ionising radiation passing through
it.
ELECTRON is a negatively
charged particle which is a
constituent of all atoms. Electrons
have very small mass and revolve
around the nucleus of the atom.

GROUND ACCELERATION
is a measure of the intensity of
ground motion resulting from
seismic activity (earthquake). It is
one of the design considerations
in ensuring the integrity of any
major structure.
GAMMA radiation is a form of
electro-magnetic radiation, similar
to light or X-rays, distinguished by
its high energy and penetrating
power, and is emitted from many
nuclei in radioactive decay andother nuclear reactions.
HEAVY WATER is water in
which the hydrogen atoms are
replaced by the heavy isotope
deuterium. It occurs in natural
water to the extent of about 1 part
in 6000.
ION EXCHANGE RESINS
are used in removing by chemical
means radioactive isotopes until
the level of radioactivity has
decreased sufficiently to allowable
discharge limits.
MILLISIEVERT and
S4EVERT are units of dose
equivalent (absorption of radiation

in tissue taking into account
quality factors).
NOBLE GASES, also called
inert r;ases (helium, neon, argon,
krypton, xenon and radon), have
filled electron shells and normally
do not chemically react with other
elements.
NEUTRON is an uncharged
particle which has about the same
mass as a proton and is a
constituent of the nucleus of all
atoms except hydrogen.
POSITRON is a positively
charged electron emitted in some
nuclear reactions.
POSITRON EMISSION
TOMOGRAPHY (PET) is a
medical technique for the study of
biochemical and physiological
processes based on detection and
imaging of positron emitting
isotopes introduced as a tracer
into the organ or tissue of interest.
PROTON is a positively
charged particle, weighing about
1840 times as much as an
electron. It is a constituent of all
nuclei and is the same as a
hydrogen nucleus.
SYNROC is a synthetic rock
comprising three minerals which
can accomodate almost all of the
elements in high level nuclear
waste within their crystal structure,
just as they are in naturally
occurring minerals.
VAN DER GRAFF
ACCELERATOR accelerates
positive ion particles to high
energies to strike materials and
allow several types of studies and
analyses of materials to be
performed.

