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Executive summary

The Australian Nuclear Science and Technology Organisation (ANSTO) operates
Australia's only functioning nuclear reactor, the High Flux Australian Reactor
(HIFAR) at the Lucas Heights Research Laboratories (LHRL). HIFAR is used for
research (including more than 7,000 hours per year for scientists and students), to
produce radioactive substances for medicine and industry and to irradiate silicon for
the high performance computer industry.

The normal operations of HIFAR produce thirty-eight spent fuel elements annually.
Since 1958, when operations began, 1,660 spent fuel elements have been accumulated
and are stored in ANSTO's engineered interim storage facilities at Lucas Heights. In
the light of the limited size of these storage facilities and following the Research
Reactor Review (1993) and an Inter-Agency Review, the Commonwealth Government
announced its decision to reduce the number of spent fuel elements stored at the site
(Press Release, 27 October 1995). Therefore, ANSTO has been authorised to negotiate
the terms for shipment of spent fuel elements of United Kingdom (UK) origin to the
Dounreay reprocessing plant in Scotland.

This Public Environment Report, prepared under the Environment Protection (Impact of
Proposals) Act 1974 (Cth), describes the potential impacts and risks of a proposed initial
shipment of 120 spent fuel elements to the Dounreay reprocessing plant. It describes
the intended packaging and transport procedures and considers possible alternative
methods of dealing with the continued production of spent fuel rods and the limited
storage capacity at LHRL. The designated proponent for this proposal is:

Australian Nuclear Science and Technology Organisation
Government and Public Affairs Division
(Attention: Mr P Bull, Head Nuclear Services)
Private Mail Bag 1
MENAI NSW 2234

Proposed action

Following removal from the reactor, each fuel element of 1.7 m length is cut at the top
and bottom to leave a 638 mm section that contains the spent fuel. About 42% of the
original uranium-235 is used up in service, leaving a significant level of useful
enriched uranium in the fuel element. Those elements to be shipped have been stored
for many years on the site and have experienced between ten and thirty-three years of
radioactive decay cooling prior to the proposed shipment in June 1996.

The spent fuel would be moved by road to a port for loading onto a ship for
transportation to the UK. The fuel would be shipped in the LHRL-120 cask, which was
designed and manufactured in the United States in 1987-88 specifically for the HIFAR
spent fuel.

The LHRL-120 cask holds a valid Competent Authority Certification Approval from
the Australian Maritime Safety Authority, which certifies, among other things, that its
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design meets all of relevant provisions of the International Atomic Energy Agency
(IAEA) Regulations for the Safe Transport of Radioactive Substances. The cask would
be loaded with the spent fuel underwater at an ANSTO pond facility, sealed, drained
and vacuum dried. The cask would then be hermetically sealed and placed inside a
specially strengthened approved shipping container.

The transport of the container and cask by road to the port would be along major
Sydney suburban roadways. The precise route would be subject to consultation with
the New South Wales Police. Security requirements would prevent its details being
published in advance. The New South Wales Environment Protection Authority
would be consulted to ensure that the normal State requirements for transport of
radioactive materials are met.

The container would be loaded on board the ship and transported to the United
Kingdom. It is preferable that this route is direct to the United Kingdom without any
intermediate ports of call. If this is not possible, arrangements would made be to
ensure that the required security and safety provisions continue in place during the
stopovers.

The spent fuel would be reprocessed at the Dounreay plant to recover the valuable
enriched uranium, which will be held by the United Kingdom Atomic Energy
Authority (UKAEA) for use in peaceful, non-military purposes. For example it could
be credited against future purchases of research reactor fuel by Australia. The waste
remaining after reprocessing would be stored at Dounreay for up to twenty-five years
further decay cooling.

Alternative proposals

Possible alternatives to the proposed shipment to the Dounreay reprocessing plant
have been considered. The only feasible alternative for the UK-origin spent fuel
available in a time scale consistent with short-term storage capacity is further
expansion of the on-site storage capacity at LHRL. The Research Reactor Review
found that this approach, while able to be conducted in a safe and environmentally
benign manner, does not represent a solution to spent fuel management but merely
postpones decisions on ultimate disposition which will eventually have to be faced.

Reasons for preferring the proposed option

The proposal is preferred because:

• the short term storage capacity needs for HIFAR spent fuel will be met without the
disadvantages of the expansion of on-site storage. Over the longer term the waste
disposal considerations associated with the spent fuel will be significantly lessened
by the reprocessing and conversion of the wastes into a more amenable and readily
disposable intermediate level waste form;

• the intrinsic value of the enriched uranium in the fuel elements would be recovered
and would reduce the cost of future supplies of fresh research reactor fuels;

• no other alternative meets the objective specified in the Government's decision that
the present inventory should be reduced (Press Release 27 October 1995).
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Environment and potential impacts of the proposal

The environmental characteristics of the region where the fuel is currently stored, that
is, the LHRL in Sutherland Shire, were thoroughly described in ANSTO's submission
to the Research Reactor Review, Attachment E, Working Paper 2. Since the shipment
involves the removal of radioactive materials from this location, it is clear that apart
from the potential impacts associated with loading and shipment (discussed below),
there will be beneficial environmental implications for this environment.

It is necessary to consider the transport operation along the route to the port to
determine the potential impacts within Australia. This environment consists of major
roadways through urban areas, including medium density residential commercial and
light industrial development.

Risk assessment

Risks associated with the proposal can be categorised as radiation-related or
non-radiation-related (for example, the risk of a vehicle accident in transporting the
material to the port), arid as incident-free risks (those inherent in the operation) and
accident risks (those resulting from an accident or unexpected event in part of the
proposed action). In evaluating radiation-related risk, mere must first be a
determination of the radiation exposure that would occur if a defined event happened,
including routine exposure and exposure resulting from an accident. This radiation
dose is presented in sieverts (Sv) for individuals and person-Sv for collective
populations. The main detrimental impact resulting from exposure to ionising
radiation is the delayed induction of cancer. This risk is generally expressed as the
frequency of occurrence of a latent cancer fatality (LCF). Thus the risk is determined
by applying the known frequency with which a particular dose will lead to a LCF. The
impacts are expressed as health risks in terms of LCF and cancer fatalities in exposed
populations. For the case of accidents, the known frequencies of transport accidents of
different severities and the probability of the accident causing release of radioactivity
are also taken into account.

It should be noted that the calculated LCF figures are hypothetical in nature at the very
low doses and dose rates being considered. They are based on a strict linear
extrapolation of effects observed at high doses. No increased cancer frequency has
ever been observed for dose rates of the order of natural background or below.

The analysis in this report is based on that given in the United States Department of
Energy (USDOE) Draft Environmental Impact Statement related to spent fuel (USDOE
1995).

The analysis is divided into the separate stages of the proposal:

• transport of the spent fuel from Lucas Heights to the port
• dock activities and movement out of port
• marine transport to the UK
• delivery of the material to Dounreay.

Transport of spent fuel from Lucas Heights to the port
The potential dose and LCF resulting from both incident-free and accident scenarios
for this stage of the proposal is summarised, per shipment, in Table 1.
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Table 1 Incident-free consequences and accident fatality risk per shipment for expected range of
accident frequencies and severities

Case Dose (person- Total dose
sievert) (person-Sv)
(x 10*) (x 10-*)

Incident free
Radiological

Workers 7
Public 61
Total 68

Non-radiological

Accident
Radiological 0.002
Non-radiological

LCF
(xlCH)

0.3
144

0.0001

Total fatalities

17
3.0

0.0001
3.0

The consequences of an accident beyond the maximum credible accident were also
assessed. These are summarised in Table 2.

Table 2 Estimated risks to most exposed individual and to population from a beyond maximum
credible accident

Atmospheric
conditions

Neutral
Stable

Population

Dose (person-
Sv)

0.018
0.15

LCF

0.0009
0.0075

Most exposed individual

Dose (mSv)

0.003
0.01

LCF(xlCH)

0.2
0.5

These results indicate that the road transport phase of the shipment, in both Australia
and the United Kingdom, will have no environmental or health consequences for
workers or the public, taking into account both normal incident-free operations and a
range of possible accident scenarios encompassing accident severities up to and
beyond the maximum credible accident.

Dock activities and movement out of port
This part of the analysis considers the loading of the cask on board ship, associated
dock handling activities and subsequent movement from the port to the open sea. The
incident-free consequences are summarised in Table 3.

Table 3 Incident-free estimated consequences

Category of Most exposed
exposed individual (|oSv)
personnel

Inspectors
Port handlers
Port staging

personnel
Total
Maximum
Annual limit

2.4
1.9
1.5

2.4
1,000

Collective dose to Most exposed Workers
workers (person individual consequence

Sv) consequence (LCF) (x 10-6)
(xlO^s) (LCF) (xlfr«)

11 0.1 0.44
6 0.08 0.24
18 0.06 0.72

35 1.4
0.1
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The consequences in the event of an accident were assessed for accidents of the
extreme severity categories used in the USDOE Draft E1S (1995), These are generally
described as follows:

• severity category 4: 'impact damage great enough to cause damage to spent fuel;
fuel particulates and fission gases may be released';

• severity category 5: 'impact damage to seals plus fire severe enough to cause the
cask to leak with release of fission gases, volatiles and particulates';

• severity category 6: 'severe impact damage plus fire severe enough to oxidize fuel
with release of greater amounts of volatiles than category 5'.

The calculated consequences are shown in Table 4.

Table 4 Consequences in the event of accident

Severity
category*

4

5

6

Accident location Total effective dose equivalent
population dose (person-Sv)

(xlO-3)

at dock
in channel

at dock
in channel

at dock
in channel

0.025
0.05

775
850
775
838

Accident consequences
(LCF)

0.0000011
0.0000020
0.033
0.036
0.033
0.035

These results indicate that the impacts of both routine, incident-free in-port operations
and a range of accidents in port up to those of the highest severity demonstrate no
significant environmental or public health consequences. Whilst further port visits
following loading would be avoided as far as possible, the impacts are so small that
multiplying them many times to account for multiple port visits in Australia or in
transit countries does not affect this conclusion.

Marine transport to the UK
The overall radiological risks from an accident at sea are summarised in Table 5.

Table 5 Overall radiological risks from accident at sea

Organism receiving dose Damaged cask peak dose rate Undamaged cask peak dose rate

Coastal risk estimates
Individual
Biota (fish)
Biota (crustaceans)
Biota (molluscs)

Deep ocean risk estimates
Individual
Biota (fish)
Biota (crustaceans)
Biota (molluscs)

4.5 x 1O" mSv/a
1.9 x lO-i* mGy/a
1.9xlO-w mGy/a
4.5 x ID-" mGy/a

1.4 x 10-in mSv/a
7 x 10-7 mGy/a
1 x 10-* mGy/a

3.5 x 1O5 mGy/a

3.2 x ID-" mSv/a
1.3xlO-« mGy/a
1.3 x 10-iz mGy/a
3.2 x ID-" mGy/a

Cask is
assumed

. to fail at deep
ocean depths
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These results indicate that the radiological impacts of the sea transport phase of the
operation, taking both incident-free and accident scenarios into consideration and
taking account of both human impacts and those on marine biota, are extremely small.

Delivery of the material to Dounreay
The radiological impacts of reprocessing operations at Dounreay are well monitored
and regulated by the UK and European competent authorities to ensure minimal
environmental (and public health) impact. The incremental impact of reprocessing the
shipment of HIFAR spent fuel elements will be a marginal component of the ongoing
operations at Dounreay and will contribute a very small fraction of the authorised
environmental emission limits for the Dounreay site.

Safety measures to be adopted

The safety of the operation will be ensured by the particular packaging method and
transport procedures adopted. These procedures and requirements are detailed in the
IAEA Safe Transport Regulations and the International Maritime Organisation
Dangerous Goods Code. These are given the force of law in most countries, including
Australia, through the Code of Practice for the safe Transport of Radioactive
Substances, which is adopted in the Radiation Control Acts of each Australian State and
Territory.

The Regulations ensure safety by limiting the nature and radioactivity of the material
that may be transported in a package of a given design, by specifying the design
criteria for each type of package and by applying simple rules for handling and
stowage during transport. The packages, such as ANSTO's LHRL-120 shipping cask,
are also required to be built to survive intact very severe accidents.
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1 Introduction

1.1 The HIFAR reactor

ANSTO's HEFAR (High Flux Australian Reactor), the only operating nuclear reactor
in Australia, is used for research, to make radioactive substances for medicine and
industry and to irradiate silicon for the high performance computer industry.
HIFAR, operating at Lucas Heights since 1958, was installed primarily to support
research programmes associated with the development of nuclear power reactors
then planned for Australia. The reactor's uses have changed over the years, and it
now produces most of Australia's growing nuclear medicine needs, supports
ANSTO's own research programmes and provides more than 7,000 hours per year
of experimental time to scientists and students from Australia and overseas.

HIFAR is a major research tool for Australian scientists. Studies of the chemical
structures and magnetic properties of materials permit development of stronger,
lighter, more heat resistant materials for industry, more useful chemicals and
advanced pharmaceuticals. The reactor is used to make a range of radioisotopes for
medicine, agriculture, industry and research. The biggest customers for ANSTO's
radioisotopes are the nuclear medicine departments of hospitals round Australia, in
New Zealand and South-east Asia. Nuclear medicine is one of the fastest growing
fields in modern medicine. It has been growing at some 14% per year for the past
five years and on current projections, one in every two Australians can expect to
have a nuclear medicine procedure in their lifetime.

HIFAR also supports a steadily growing export industry, treating silicon for use in
specialised computers. Large ingots, each a single crystal of silicon, are irradiated
in the reactor to improve the electronic properties of the material. The material is
exported to Japan, where it is sliced into computer chips and used in a variety of
high performance computer applications.

The normal operations of HIFAR for research, medical radioisotope production and
materials irradiations, produce thirty-eight spent fuel elements annually. Since
commencement of operations in 1958 this has led to the accumulation of some 1,660
spent fuel elements stored in ANSTO's engineered interim storage facilities on-site
at Lucas Heights.

1.2 1\ie proposal

In response to a recommendation of the 1993 Research Reactor Review the
Commonwealth Government established an Inter-Agency Review, chaired by the
Department of Primary Industries and Energy to review and make
recommendations on the range of options available for the long-term disposition of
this HIFAR spent fuel. That review was considered by the Government in October
1995. The principal recommendations of the review include the making of
arrangements for a shipment of up to 120 elements to Dounreay in the United
Kingdom in 1996. At Dounreay, the elements would be reprocessed to separate the
radioactive fission product wastes from the re-useable high enriched uranium still
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contained in the spent fuel. The wastes would subsequently be converted into a
more manageable solid waste form, using the Dounreay cementation plant and
would meet established specifications for classification as intermediate level waste.
This waste would be stored in around thirty 500 L steel drums for up to twenty-five
years of further radioactive decay storage before ultimately being required to be
returned to Australia.

This Public Environment Report is made in response to the Commonwealth
Government decision to accept that Inter-Agency Review recommendation
(Appendix A). It defines more precisely the actions that would take place and the
environmental safeguards to be implemented.

TheAustralian Radiation Laboratory (ARL), the Nuclear Safety Bureau and the
Australian Safeguards Office (ASO) have been consulted in the preparation of this
Public Environment Report and have advised they see no significant technical
problems with the actions described. The ARL further advises that it can see no
adverse environmental or public health implications. The organisations expressed
their support for the conclusions of the analysis and the actions described.

1.3 The nature of radioactivity

All matter is made up of atoms, with different types having different chemical and
physical properties. An atom consists of a positively charged central core, the
nucleus, which contains nearly all of the mass of the atom and is surrounded by
negatively charged electrons. The nucleus contains positively charged particles
called protons and particles with no electrical charge (neutral) called neutrons. In
their normal state, atoms are electrically neutral, and so the number of protons in
the nucleus is balanced by the number of surrounding electrons. The chemical
properties of different atoms are determined by the number of protons in the
nucleus.

Atoms of the same element always have the same number of protons in their
nucleus. Atoms of the same element containing different numbers of neutrons are
called isotopes. There are ninety-two naturally occurring elements and several
hundred naturally occurring isotopes.

A stable nucleus is held together by a very strong force of attraction between
protons and neutrons which is sufficiently powerful at close range to overcome the
electrical repulsion between the positively charged protons. Most of the naturally
occurring isotopes are stable. However, if the nucleus is unstable, it may
disintegrate (change its state) spontaneously to reach a more stable condition.

The process of spontaneous disintegration of an unstable nucleus is called
radioactivity. The nucleus is unstable because it has excess energy, some of which
is emitted in a decay process that involves the release of radiation energy. This
radiation has a number of different forms, including alpha and beta radiation,
gamma rays and X-rays, and neutrons. Atoms characterised by unstable nuclei are
termed radionuclides.

The time at which a nucleus of a particular radionuclide may decay and emit
radiation is random. However, for each isotope, there is a characteristic average
rate at which a sample of the material decays. Because there are an enormous
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number of atoms in even a small sample of a radioisotope, it is possible to define
statistically the half-life of the isotope. This is the time taken for half of the total
number of atoms in a sample to decay, and may vary from a millionth of a second
for extremely unstable isotopes to as long as many millions of years.

The deca)' product of a radionudide, termed 'daughters', may in many instances
also be unstable and subject to radioactive decay. The decay process continues until
a stable isotope is produced. Therefore, for many radionucUdes there exists a decay
series or 'chain' of subsequent unstable daughters.

The type of radiation emitted during the radioactive decay of a radionudide is
governed by the relationship between the radionuclide and the subsequent
daughter product. If the nucleus is alpha-radioactive, it spontaneously emits an
alpha particle to reach a more stable state. Alpha particles are positively charged
and consist of two protons and two neutrons bound together. Beta radioactivity
involves the emission of beta radiation, which consists of energetic electrons and
positrons (the positively charged equivalent of the electron).

The rate of radioactive disintegration is measured in becquerels (Bq); 1 Bq is equal
to one disintegration per second.

In both alpha and beta radioactivity, the unstable nucleus releases energy, usually
in the form of gamma rays, to reach a more stable state. Gamma rays are high-
energy electromagnetic radiation, the same form of energy as X-rays, and also the
more familiar light rays and radio waves. The emission of gamma radiation does
not involve any change in the number of protons and neutrons.

Alpha, beta and gamma radiation are referred to as ionising radiation. Their effect
on matter is measured in terms of the absorbed dose, or the energy imparted by th;j
ionising radiation to matter. The unit is the gray (Gy).

1.4 Background sources

Radiation comes from a range of natural sources such as the sun and outer space,
and from naturally occurring radioactive isotopes in the atmosphere, rocks and soil,
and in rivers and oceans. Radiation from the sun and space (cosmic rays) and
radioactive atoms in all of the matter on earth produce a naturally occurring level of
radiation that varies from place to place and is referred to as background radiation.
In addition to this natural background radiation, people are exposed to various
artificial sources of radiation, notably X-rays and radiopharmaceuticals for medical
purposes.

The amount of radiation received by an individual is known as the effective dose-
equivalent—the sum of radiation doses from all sources. For simplicity the term
dose is used, and the unit for this quantity is the sievert (Sv). Dose is properly
defined as the amount of energy deposited in matter by radiation, a purely physical
quantity and measured in Grays. However, for practical applications it is necessary
to take account of other factors that affect the risk from radiation, including the type
of radiation, the organs or tissues of the body exposed and the sensitivity of those
organs arid tissues to radiation. The resultant measure that accounts for these
effects is expressed in Sieverts. A dose of 1 Sv carries the same risk whether
received by the whole body or, for example, the lung.
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The annual average dose for people living in industrialised countries has been
estimated to be about 2.4 mSv (United Nations Scientific Committee on the Effects
of Atomic .Radiation 1988). The contribution from lha various sources of
background radiation is shown in the Table 1.1.

Table 1.1 Sources of radiation

Sources of radiation Components of annual average dose
(2.4 mSv) received by people in

industrialised countries
(%)*

Radon gas in homes ** 46
Medical (mainly from X-rays) 15
Internal from naturally radioactive elements in the body 14
Rocks and soil 12
Cosmic rays from outer space 13

Others (including occupational) 1

* Column does not add because of rounding.
** Radon is an inert gas which is a radioactive decay product of radium.
Source: United Nations Scientifi: Committee on the Effects of Atomic Radiation 1988.

Exposure to radiation may occur through external and internal sources. External
exposure of a person's body results from the emission of gamma or beta rays from a
source outside the body. Internal exposure results from radioactive atoms that
enter the body through inhalation or ingestion—for example, from breathing air,
eating food or drinking water.

1.5 Research reactor fuel

The fuel that is consumed in a research reactor consists of uranium, a naturally
occurring metallic element that contains ninety-two protons in its nucleus. In
nature, uranium consists almost entirely of the isotope uranium-238. This form
contains 146 neutrons in its nucleus and hence its atomic number is 92 +146 = 238.
Natural uranium also contains around 0.7% of the isotope that has only 143
neutrons in its nucleus and hence is called uranium-235 (92 +143 = 235). It is only
this uranium-235 isotope that is useful for research reactors like HIFAR. To make
the fuel for HIFAR, the content of uranium-235 is increased from its natural level
(0.7%) up to 60-80%. This is known as the enrichment of the uranium.

When uranium-235 is used up in a reactor, the nucleus splits or 'fissions' into two
smaller nuclei, which are known as fission products. The fission products generally
have atomic weights around 90 to 140. Some common fission products are
strontium-90 and caesium-137. These fission products are waste products and
remain enclosed within the fuel element.

Also produced from each fission process are considerable quantities of heat and two
or three extra neutrons. The heat in research reactors is a waste product and in the
case of HIFAR amounts to 10 MW, which is continually dissipated through cooling
towers while the reactor is operating.

The neutrons are the main required product in research reactors. They are used by
scientists for studying and modifying new materials and for certain analytical
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techniques. They are also used to irradiate other substances and rum them into
radioisotopes for medical, industrial and research purposes. When operating at full
power HIFAR produces a neutron density of 140,000,000,000,000 neutrons passing
through each square centimetre every second.

A few of the neutrons can however be captured by other materials in the vicinity,
including by the uranium-238 in the fuel. When this happens other, heavier
isotopes are formed which, through a series of nuclear reactions, lead to the
production of the trans-uranic elements such as the isotopes of plutonium.

It follows, therefore, that when a fuel element has been used in the HTFAR reactor it
still contains within its cladding:

• valuable unused uranium-235 which can be recovered by reprocessing and
reused as reactor fuel;

• fission product wastes which remain very radioactive and which have half-
lives of up to about thirty years;

• small quantities of long-lived transuranic elements such as piutonium and
americium.
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2 Need for the shipment

Existing storage facilities for spent fuel at Lucas Heights will reach capacity in the
near future. The Commonwealth Government will soon be considering alternatives
to the described actions, including the possibilities for further expanding the on-site
facilities. However, the interests of good environmental practice anc community
concerns would best be met by ANSTO adopting the objective cr" not accumulating
spent fuel at the Lucas Heights site over the longer term beyond the ultimate
capacity of its existing facilities.

The actions described herein follow from a specific decision of the Government to
pursue the safe transfer of an initial shipment of HIFAR spent fuel elements around
June 1996 to the United Kingdom Dcunreay reprocessing plant for reprocessing
(Appendix A).

The need for early action on this proposal is driven by two factors:

• The UK government has approached the Australian Government and the
Governments of other research reactor operators in June this year seeking a
commitment for reprocessing of a number of spent fuel elements. Sufficient
commitments are needed by the end of 1995 to justify a UK Government decision
to keep the Dounreay reprocessing plant operational. Australia holds the largest
quantity of UK-origin spent fuel and an Australian commitment, even of a single
shipment, will be important to the UK Government's considerations. Given the
relatively large Australian holdings of UK-origin spent fuel, a decision to close
the Dounreay reprocessing plant would remove a major option for the
management of the HIFAR spent fuel and would not be in the Australian
national interest.

• The long lead times of two to three years needed for obtaining environmental
and regulatory approvals and for constructing expanded on-site storage capacity
mean that if this proposal for an early shipment to Dounreay does not receive
approval at this time, immediate arrangements need to commence for such on-
site expansion.

The advantage of reprocessing, rather than indefinite storage, is pricipally that it
allows recovery and reuse of the valuable enriched uranium remaining in the spent
fuel. Another very important purpose served by reprocessing is the separation of
the radioactive fission product wastes allowing them to be placed in a stable and
readily managed form in preparation for ultimate disposal. Spent HIFAR fuel is
aluminium clad and, while this is adequate for interim storage purposes, it is
subject to degradation over very long time scales and is not suitable as a waste form
for ultimate disposal. Furthermore, international nonproliferation rules do not
allow spent fuel containing high enriched uranium to be disposed. Reprocessing,
therefore, meets useful waste management purposes and produces a waste form
suitable for eventual disposal.
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3 Description of the shipment

3.1 Material for shipment

HIFAR fuel elements consist of assemblies of fuel plates fabricated from enriched
uranium alluyed with aluminium. For protection against corrosion the uranium
aluminium fuel is cla-i in pure aluminium. Each curved rectangular fuel plate
therefore has a central sandwich of fuel clad both sides with pure aluminium and
surrounded by an edge ('picture frame') of aluminium.

For the purpose of this analysis the specific design of the Mark 3 variant of HIFAR
fuel element is described, though the safety case is applicable to all HEFAR spent
fuel with greater than seven years of radioactive decay cooling* The case is not
significantly affected by the specific differences between the different variations of
fuel used in HIFAR. These elements each consist of ten curved fuel plates fitted as
spiral fins in the annulus between inner and outer aluminium tubes (see Figure 3.1).
The initial enrichment of these fuel elements was 80% uranium-235 and the initial
content of uranium-235 was 115 g for the earlier elements and 150 g for the more
recent ones. The fuel elements are designated as either UK-origin or US-origin
depending upon which country was the supplier of the enriched uranium used for
the fuel.

A fuel element is 1.7 m long and the fuelled section is 600 mm. During reactor
operation, the fuel is cooled by heavy water flowing up through the fuel elements.
After removal from the reactor the top and bottom aluminium sections of the fuel
element are removed by cutting to leave a remaining central piece of length
approximately 638 mm and weight 4.3 kg which contains the spent fuel. The
average burn up (utilization) of the uranium-235 in these elements was around
45 MW.d per element, corresponding to around 42% of the original uranium-235
being used up in service. It follows that this spent fuel continues to contain a
significant level of useful high enriched uranium, with a remaining enrichment of
around 70% uranium-235.

The fuel elements to be shipped will have had at least ten years, and up to thirty-
three years, of radioactive decay cooling prior to their shipment in 1996. The
remaining decay heat output from each element will be less than 2 W. The typical
radioactivity content per fuel element will be as shown in Table 3.1.

Table 3.1 Typical radioactivity per fuel element

Isotope

krypton-85
strontium-90
yttrium-90
caesium-137
barium-137m
europium-154
plutonium-238
plutonium-239
plutonium-240
plutonium-24?l
americium-241

Activity (Bq)

1.4x10"
2.9x10"
2.9x10"
3.1x10"
2.9x10"
1.8x10"'
4x10'"
1x10"
1x10"
6x10'
5x10"
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The total radioactive contents of the cask will amount to around 1.5 x 10U Bq or
around 40,000 Ci.1

3.2 Transportation

The spent fuel will be transported by sea to the United Kingdom in a purpose
designed and built transport cask which has been certified to meet the requirements
and approval of both the Australian and United Kingdom Departments of
Transport. For the transport by road within New South Wales, the NSW
Environment Protection Authority will be consulted to ensure the normal NSW
requirements for transport of radioactive materials will be met.

The LHRL-120 cask was designed and manufactured in the United States in 1987-
88. It is shown in Figure 3.2. It is constructed of an inner and outer stainless steel
shell welded to a base plate and secured by a bolted lid with double O-ring seals.
The annular space between the shells is filled with lead for radiation shielding
purposes; supplementary lead shielding plates are attached to the base and lid. The
cask is surrounded by an impact limiter which consists of a steel shell filled with
dense polyurethane foam to provide energy absorption and thermal insulation. The
impact limiter is 3.4 m long with a diameter of 2.3 m. The impact limiter is
supported on cradles attached to a skid; the skid is bolted to the base of a
strengthened shipping container which also includes a weather-proof cover. The
shipping container and cask weigh 241. In addition to two International Atomic
Energy Authority (IAEA) seals on the cask itself, there are four IAEA seals on the
impact limiter which are inspected quarterly by IAEA Safeguards Inspectors to
confirm there has been no unauthorized movement of the spent fuel.

The cask will be loaded with spent fuel underwater at an ANSTO pond facility in
accordance with well established and practised procedures subject to approval by
the ANSTO Safety Assessment Committee. After loading, the cask will be sealed,
removed from the pond and the water drained from within the cask. The interior of
the cask will then be vacuum dried in accordance with a standard procedure
already well practised. From this point on the fuel is hermetically sealed inside the
dried cask by double O-ring seals and the heavily bolted and shielded lid. The
loaded cask will be placed within the specially strengthened approved shipping
container and transported by road from Lucas Heights Research Laboratories
(LHR.L) to a container ship berthed at a Sydney wharf. The shipping container has
a weatherproof outer cover that protects the cask from the elements during storage
and during sea passage if transported above deck.

1 This quantity will be important later in this report in analysing accident scenarios. The
basis for this analysis relies heavily on a recent USDOE Environmental Impact Assessment
(USDOE/EIS-0218D, March 1995) which uses the superseded radiation and radiation dose
units of curies, rem and rad. In this PER we have instead used the internationally
recommended units of Becquerel, Sievert and gray. If it is desired to convert these units in
order to make more ready comparison with the USDOE results the following conversion
factors may be used.
1 sievert (Sv) = 100 rem
1 curie (Ci) = 3.7xlOlu becquerel (Bq)
1 gray (Gy) = 100 rad
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The expected route for the transport to a Sydney wharf would be along major
Sydney suburban roadways. However, the precise route will be subject to
consultation with NSW Police authorities and security requirements* The shipment
will be escorted by NSW Police and will take place during quiet traffic hours to
ensure minimum disruption.

The shipping container will be lifted on board the ship and transported by sea to
the United Kingdom. On ship the container can be stacked and managed in the
same manner as other general cargo. The IAEA and IMO rules specify limits on
how many such casks can be carried on a single ship, how many in a hold,
inspection requirements and labelling and documentation requirements. Since this
proposal involves only a single cask shipment it is not anticipated that there will be
any difficulty meeting these requirements.

Other considerations being equal, there would be a preference for the route to be
direct to a United Kingdom port, with no intermediate ports of call. Otherwise,
arrangements will be made with intermediate ports of call to ensure the required
security and safety provisions continue in place during the stopovers.

3.3 Reprocessing

The spent fuel will be reprocessed at the Dounreay plant to recover enriched
uranium which will be held by the United Kingdom Atomic Energy Authority
(UKAEA) and credited against future purchases of research reactor fuel by
Australia. The fission product wastes will be separated and converted to a stable
solid waste form using the Dounreay cementation plant. In this form the waste
meets the specifications for management, storage and ultimately for disposal as
intermediate level waste. The very small quantities of plutonium in the spent fuel
will remain with the fission products during the reprocessing operation and will
eventually be incorporated in the cemented waste product. In this form the
plutonium is considered by the UKAEA to be practicably irrecoverable and the
IAEA could be asked to terminate safeguards at this time. Otherwise, IAEA
safeguards would continue on the cemented wastes until such time as they are
finally disposed. The waste will be stored at Dounreay for up to twenty-five years
of further decay cooling before being required to be returned to Australia.
Environmental impacts associated with this returned waste are not considered in
this report because:

• the return of waste presents no additional impacts. If there were no proposal to
ship this fuel overseas for reprocessing, the radionuclides in the spent fuel would
have in any case remained in Australia and any potential impacts from their
storage or disposal would be at least equivalent to those from the delayed return
of the decayed and well conditioned wastes;

• the returned wastes will be of intermediate level radioactivity and will therefore
represent only an increment on the other Australian holdings of intermediate
level radioactive wastes for which a national storage/disposal facility will need
to be developed over that twenty-five year timescale and this would be a matter
for future Government policy determination. The environmental impact will
need to be assessed at that time as part of the wider proposal.

The transfer and reprocessing would be carried out under the provisions of the
Australia/United Kingdom Agreement on the Peaceful Uses of Nuclear Energy and
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;'he Australia/IAEA Safeguards Agreement which provide that international non-
proliferation and safeguards obligations are met. These ensure, for example, that
the recovered nuclear materials continue to remain under safeguards and will be
used for only peaceful, non-military purposes. Security arrangements during
transit would comply with ASO requirements.

3.4 Procedures

Procedures will be written for the loading and transport operations and for health
physics coverage and emergency response. The designated Competent Authority
(see Section 8), NSW Police and Emergency Services will be consulted in drawing
up these procedures. Hazards will be identified and preventative and protective
measures developed in this consultation. Procedures will address the following
aspects:

• loading:

loading procedures at Lucas Heights;

monitoring and documentation to verify compliance with transport
regulations;

health physics including the monitoring of external radiation dose rates
and personnel exposures;

emergency procedures;

• in transit:

routes, contingency routes and timing;

contingency plans;

briefing of driver(s);

provision of personal dosimeter monitoring of driver(s) and handlers;

emergency procedures, including plans for breakdowns and. accidents,
emergency response team, and capability, and the names and contact
details of organisations to respond, responsible individuals and their
roles;

unloading from truck to ship and final health physics clearance.

As the preparation of these procedures will involve interaction with responsible
state and Commonwealth agencies and with contractors, it is not possible to
undertake these activities until completion of formal approval processes. Hence the
development of the procedures will await the outcome of this Public Environment
report.
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In respect of possible future extensions it should be noted that ANSTO currently
holds some 1,100 HEFAR fuel elements of UK-origin. The option of returning all
these elements to Dounreay for reprocessing is included in the range of longer term
options to be considered separately by the Commonwealth Government. Should
this option be adopted it could involve around a further nine shipments at the rate
of one to three per year over several years. This Public Environment Report
addresses only the currently authorised initial shipment.
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4 Present status of the proposal

4.1 History and agreements

The decision to return an initial shipment of UK-origin spent fuel elements to the
UK for reprocessing goes back to the original arrangements to buy fuel elements
from the United Kingdom. Clauses providing for the reprocessing of the spent fuel
were included in the umbrella agreement for the purchase of the fresh fuel elements
from the UKAEA. This agreement, dated 11 April 1967 and amended in 1974 and
1975, remains in force, although after 1974 the obligation of the UK to take back
possession of the spent fuel was changed to a commercial service offered by
Dounreay but with the obligation for Australia to ultimately accept return of the
reprocessing wastes. All the fuel elements to be included in this shipment of 120
elements to Dounreay were purchased under the conditions of that umbrella
agreement providing for the return and reprocessing of the spent fuel.

In implementing the reprocessing provision of this umbrella agreement, a previous
shipment of 150 HIFAR spent fuel elements was shipped from LHRL to Dounreay
for reprocessing in 1963. The shipment proceeded without any impact on the
environment. Reactors similar to HIFAR are located in Denmark, Germany and the
United Kingdom. Each of these reactors has, over the years, shipped all of its UK-
origin spent fuel to Dounreay for reprocessing in many shipments, each equivalent
to die one that is the subject of this report. From 1958 to 1994, Dounreay has
received around one hundred cask shipments from overseas research reactors, and
reprocessed the fuel, amounting to some 3,415 spent fuel elements, including the
150 from HIFAR above. All such shipments have proceeded without incident and
without impact on human health or the environment. This extensive, incident-free
record demonstrates that receipt and reprocessing of research reactor spent fuel at
Dounreay are ongoing routine operations.

The transport of substantially identical shipments of this material has been subject
to consideration under the Environment Protection (Impact of Proposals) Act 1974 (Cth)
in 1985 and in 1994. On those occasions the proposed destination was the United
States. In each case, the Action Minister made a formal determination of no
significant impact.

The shipments to the United States have not proceeded as yet due to an extensive
review by the US of its policy on the return of foreign research reactor spent fuel.

4.2 Consultation and preparatory studies

In preparation for this shipment, preliminary consultations have been held with
Commonwealth departments by means of an extensive Inter-Agency Review
process. Initial discussions have also been held with potential contractors and UK
authorities.
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The current environmental assessment and physical protection arrangements have
been independently reviewed by the ARL, the Nuclear Safety Bureau and the ASO.
All three expert bodies support the assessment and its conclusions.

Subject to final approval, it is foreshadowed that consultations will be held with the
NSW Premier's Department, NSW Police, NSW EPA, NSW Emergency Services,
NSW Roads and Traffic Authority, port authorities, the Australian Council of Trade
Unions and union representatives. ANSTO would also initiate extensive
consultation with local councils (including council engineers) and interested
community groups in communities potentially along routes to the port. A
backgrounder information note on the proposal has already been prepared and is
being distributed to these groups along with an offer of a briefing visit by ANSTO
experts if required. This Public Environment Report is also being provided to all
potentially affected local councils (see Appendix F).

Studies have been undertaken to ensure that the fuel can safely be loaded into the
cask at the LHRL and transported to, and loaded onto, a ship at the port of Sydney
or Botany.
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5 Feasible alternatives to the proposal

Possible alternatives to the proposed action have been considered by the Inter-
Agency Review and are currently under consideration by Ministers prior to
submission to Cabinet. The only feasible alternative for this United Kingdom origin
HIFAR spent fuel, that would be available in the timescale consistent with near
term storage capacity availability, is to expand further the on-site storage capacity
at LHRL for indefinite interim storage of the spent fuel. Indeed, Greenpeace
Australia recommended this approach for the long term management of HIFAR
spent fuel in their submissions to the recent Research Reactor Review. The RRR
however, found that this approach, while able to be conducted in a safe and
environmentally benign manner, does not represent a solution to spent fuel
management but merely postpones decisions on ultimate disposition which will
eventually need to be faced. ANSTO agrees with this finding, which is also in
accord with the views of local community groups neighbouring ANSTO and is
consistent with the recommendations of the Inter-Agency Review.

The consequences of not proceeding with the shipment would be that a programme
to provide additional storage capacity at LHRL would have to be implemented
immediately. Public funds would then be expended on a short-term solution. The
stored elements would in future have to be transferred to a longer term, national
storage facility and/or subsequently be treated and sent to a national disposal
facility.

The shipment is the preferred option because:

the short-term storage capacity needs for HIFAR spent fuel will be met without
the disadvantages of expansion of on-site storage. Over the longer term the
waste disposal considerations associated with the spent fuel will be
significantly lessened by the reprocessing and conversion of the wastes into a
more amenable and readily disposed intermediate level waste form;

• the intrinsic value of the enriched uranium in the fuel elements would be
recovered and would reduce the cost of future supplies of fresh research reactor
fuel;

• no other alternative meets the objective of the Government's decision to reduce
the holdings of spent fuel at Lucas Heights by taking full advantage of the
available overseas options (Appendix A).

In respect of other possible alternatives for reprocessing of the spent fuel, at present
it is understood that only the United Kingdom and Russia are offering this service
for research reactor fuel from other countries. Furthermore, there are legal
obligations attached to the fuel whereby the original supplier of the enriched
uranium for the fuel retains consent rights over the future of the spent fuel. All of
the HIFAR fuel contains enriched uranium supplied by either the United Kingdom
or the United States. Consequently, the only currently practicable alternative for
reprocessing ANSTO's UK-origin spent fuel is the United Kingdom's Dounreay
reprocessing facility.
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Environment of alternative

The alternative to, or implication of not proceeding with, the proposal is expanded
and long term storage on-site at LHRL. It is clear that the increasing urbanization of
the area, public acceptability issues and Commonwealth Government commitments
that LHRL will not become a national nuclear waste or spent fuel repository, mean
that while this alternative may be feasible, it may not be considered prudent, and is
dearly not a preferred alternative.

Impact of alternative

If it were to be decided to not proceed with an overseas shipment of HIFAR spent
fuel it would immediately become necessary to propose a significant and long term
expansion of the storage facilities at Lucas Heights or elsewhere in Australia.
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6 Tlie environment potentially affected by the
shipment

The environmental characteristics of the region where the spent fuel is currently
stored, that is, ANSTO's LHRL in the Sutherland Shire, were described in detail in
Working Paper 2 of Attachment E to ANSTO's Submission to the Research Reactor
Review, February 1993. Copies can be made available on request to ANSTO.
However, as the shipment involves removal of radioactive materials from this
location, it is clear that, apart from potential impacts associated with the loading
and transport operation discussed below, there will be beneficial environmental
implications for this environment.

It is necessary to consider the transport operation along the route to the port to
determine potential impacts within Australia. The environment consists of major
roadways through urban areas including medium density residential and light
industrial development. Impacts from both incident-free transport and potential
accident scenarios in this environment, as well as along the entire route to
Dounreay, are addressed by the detailed analysis given in Section 7.

In general terms, however, it is worth noting that the successful shipment of
twenty-three ISO container loads of yellowcake, the remainder of the
Commonwealth Government's uranium stockpile holdings, from Lucas Heights to
Port Botany in July 1994, demonstrates clearly that such shipments can be
undertaken without incident or impact on the environment. The spent fuel
shipment by comparison will be an individual container trucking operation rather
than a complex convoy, will have very comparable radiation levels to the
yellowcake shipment at and around the freight container, will be similarly
accompanied by a NSW Police escort. Overall it should be a simpler and less
intrusive operation. Similarly, the maximum radiation dose rates at and near the
ISO container for the spent fuel will be a factor of ten lower than was the case for
the movement of the waste from the ADI facility at St Marys to Woomera in 1995,
and the distance to be transported is far shorter in this case.
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7 Potential impact of the shipment

7.1 Risk assessment

In assessing the risks associated with activities that have the potential to expose
people to the effects of ionising radiation, it is conventional to express these risks as
a frequency of a given detrimental impact Since the main detrimental impacts
from radiation exposure are the delayed induction of cancers, most commonly this
risk is expressed as the frequency of occurrence of a latent cancer fatality (LCF).
This can be a number of cancer fatalities per event (such as per shipment or per
single exposure at a given level) or from a hypothetical accident.

The procedure to evaluate the risk involves first a determination of the radiation
exposure that would occur if a defined event occurred. This includes both the
expected routine exposure of people involved in the activity as well as the
unintended exposures that might occur in a severe accident. This figure gives the
anticipated radiation dose (the consequence) from the defined event. The risk is
then calculated by applying the known frequency with which that dose will lead to
a LCF. In the case of accident scenarios it is also necessary to apply the frequencies
with which the individual unintended steps leading to an accident are known to
occur. This is a well established procedure for industrial risk assessment and is
based on an extensive data set of accident frequencies across all areas of industrial
activities.

Radiation doses are here presented in units of person-sievert for collective
populations and sievert for individuals. The impacts are further expressed as
health risks in terms of LCFs and cancer incidence in exposed populations. The
health risk conversion factors were derived from International Commission on
Radiological Protection Publication 60 (ICRP (1991)). For transport workers this
factor is 0.04 LCFs per Sievert and for the public the factor is 0.05 LCF per Sievert. It
should be noted here that these calculated LCFs are hypothetical in nature at the
very low doses and dose rates we are considering and are based on a strict linear
extrapolation of effects observed at high doses. No increased cancer frequency has
ever been observed for dose rates of the order of natural background or below.

The results of this analysis, for the separate stages of the transport of HIFAR spent
fuel from Lucas Heights to the Dounreay reprocessing plant in the United
Kingdom, are presented in the following sections. To place these results in a
context that might be more familiar to many readers, they may be compared with
the annual risk of death from a series of most commonly experienced causes. The
data quoted relate to the United Kingdom but can be considered to be reasonably
representative of circumstances pertaining in Australia.
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Table 7.1 Individual risk of death from accidents at work and other causes

Cause Risk

Smoking ten cigarettes per day 5 x Iff* (1 in 200) per year
Coalmining 25 x 10"1 (1 in 4,000) per year
Construction 2 x 10"* (1 in 5,000) per year
Road accidents 2 x 104 (1 in 5,000) per year
House accidents 1 x 10"1 (1 in 10,000) per year
Normal background radiation 1 x 10~" (1 in 10,000) per year
Maximum individual risk from a spent fuel shipment

Road transport phase 5 x 10"7 (1 in 2,000,000) per shipment
In-port activities 25 x 10* (1 in 400,000) per shipment
Ocean transport 9 x 10* (1 in 100,000) per shipment

Source: National Radiological Protection Board and this assessment.

For the scenario analyses presented below, the approach adopted in the extensive
USDOE Draft Environmental Impact Statement for the return of foreign research
reactor spent fuel (DOE/EIS-0218D March 1995) has been followed but using actual
data relevant for the HIFAR fuel, the LHRL-120 cask and the specific locations
involved. For the original source references for the risk factors and other
assumptions underlying this analysis the reader is referred to the above-mentioned
USDOE report.

For the particular case of assessing potential accidents, this USDOE analysis used a
standard approach to the evaluation of environment and public health
consequences and risks from transport of radioactive materials. The evaluation is
based on a suite of US-developed computer models (known individually as
MACCS, RADTRAN and RISKuNTD), each of which is published in the open
scientific literature and regularly used for this purpose. The identical analysis was
used, for example, in the recently completed Programmatic EIS for Spent Fuel
Management and Idaho National Engineering Laboratory Environmental
Restoration and Waste Management Programs. This EIS has been subject to
extensive public scrutiny.

The ANSTO results have subsequently been independently verified by the NSB
using alternative, widely used computer models known as 'PC COSYMA' and
'UMPIRE' (both UK-developed codes), with results that showed the ANSTO
analysis to be a conservative one.

Literature references illustrating peer review and the routine application of these
computer models, MACCS, RADTRAN, RISKIND, PC COSYMA and UMPIRE, are
provided in the Appendix C.

7.2 The system of radiation protection

Approaches to radiation protection are consistent throughout the world, largely due
to the work of the International Commission on Radiological Protection (ICRP).
The ICRP is a non-government scientific organization which has published
recommendations for protection against ionising radiation since 1929.
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The system of radiation protection recommended by the ICRP (1991) is based upon
the following general principles:

• Justification of a practice: no practice involving exposures to radiation should
be adopted unless it produces sufficient benefit to the exposed individuals or to
society to offset the radiation detriment it causes.

• Optimisation of protection: the magnitude of individual exposures, the number
of people exposed, and the likelihood of incurring exposures should all be kept
as low as reasonably achievable, economic and social factors being taken into
account (ALARA).

• Limitation of individual dose and risk: the exposure of individuals should be
subject to dose limits, or to some control of risk in the case of potential
(accidental) exposures.

Dose limits for workers are set so that deterministic effects cannot occur and the
risk associated with stochastic effects (i.e. effects that have a random chance of
occurring) is at levels considered acceptably low when compared with other
occupational risks in other industries. The system of protection assumes that there
is no threshold for stochastic effects. The derivation of values for the recommended
dose limits uses models for extrapolation from high dose (more than several
hundred millisieverts), where such eifects are known, to levels encountered in
normal occupational circumstances. Public dose limits are set another order of
magnitude (factor of ten) lower. The radiation protection system could be
considered conservative, compared with other occupational and public health
standards in the level set for occupational and public dose limits, particularly when
optimisation of protection ensures that doses are generally considerably less than
the limit.

In Australia, the National Health and Medical Research Council (NHMRC)
provides recommendations on radiation protection for use by state authorities and
Worksafe Australia. Recently the 1990 ICRP recommendations (ICRP 1991) have
been endorsed by the NHMRC in an interim decision (NHMRC 1991). The
NHMRC recommended that employers introduce measures to keep exposures
below the ICRP recommended effective dose limit of 20 mSv per year averaged over
five years, with the proviso that the effective dose should not exceed 50 mSv in any
single year (the previous occupational limit). The annual limit for a member of the
public from sources of radiation under regulatory control (that is, not including
medical exposures) is 1 mSv. This is a similar dose to that received annually from
natural background in Australia (about 2 mSv). NHMRC has, in recent months,
removed the interim status of these limits and so formalised them as national
recommended exposure limits.

It should be noted that while every effort was made in this risk assessment to
identify possible environmental impacts on organisms other than humans, such
potential impacts, even of a hypothetical nature, are very few. Indeed, the generally
accepted approach in protecting against radiological impacts on ecosystems is that
when humans are adequately protected by control of radionuclide releases to the
particular environment, significant harm to populations of other species is very
unlikely. (See, for example, IAEA [1984] and United Nations Scientific Committee
on the Effects of Atomic Radiation [UNSCEAR] [1988]). While marginal exceptions
to this rule have been proposed from time to time, the extreme conservatism built
into the following analysis using the USDOE (1995) approach provides a high level
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of confidence that there will be no unforeseen impacts of any significant magnitude.
The following analysis therefore concentrates on assessing the more readily
identifiable potential huraan health risks but also addresses risks of radiation
exposures to marine organisms in the few situations where such risks can be
postulated.

73 Transport from Lucas Heights to the port

There will be very minor disruption to traffic as the movement from LHRL to the
dock is little different to the many regular shipping container movements on the
roads in Sydney. The transport arrangements will be in accordance with the Code
of Practice for the Safe Transport of Radioactive Substances 1990. Given the very
high standard of design, construction, testing and certification of the cask, the
probability of any accident having consequences beyond a normal traffic accident
involving a heavy load (approximately 201) is extremely low. Accidental exposure
of transport workers or the public to a significant dose of radiation or the release of
radioactive materials to the environment is highly improbable. Thousands of
similar movements have taken place world-wide with nc incident involving a
release of radioactivity or significant radiation exposure. Nonetheless, the
assessment recognises that the road transport of any commodity involves a risk to
both transport workers and members of the public. This risk results directly from
transport accidents and indirectly from the increased levels of pollution from
vehicle emissions, regardless of the cargo. The transport of certain materials, such
as hazardous or radioactive waste, can pose an additional risk due to the unique
nature of the material itself. The assessment takes all these factors into account in
assessing the environmental risk associated with this shipment.

Radiological risks have been assessed for both incident-free and accident
conditions. The radiological risk associated with incident-free transport would
result from the potential exposure of people to external radiation in the vicinity of
the loaded truck. The radiological risk from a road accident would come from the
potential release and dispersal of radioactive material into the environment during
an accident and the subsequent exposure of people through multiple exposure
pathways (i.e. external exposure to contaminated ground or air, or internal
exposure from inhalation of airborne contaminants or ingestion of contaminated
food).

Vehicle related risks have also been assessed for non-radiological causes. These are
independent of the radioactive nature of the cargo and would be incurred for
similar shipments of any commodity. Risks during incident-free transport would
be caused by potential exposure to increased vehicle exhaust emissions. The
published value of excess latent mortality due to inhalation of vehicle exhaust
emissions in urban road transport, 1 x 10"7 mortality per km, was used by the
USDOE and retained for this analysis. The non-radiological accident risk refers to
the potential occurrence of transport accidents that directly result in fatalities
unrelated to the nature of the cargo. Typical urban transport accident rates and
severity rates for heavy vehicle transport are used for this calculation.

.Risks are calculated separately for transport workers and for members of the public.
Potential risks are estimated for the collective populations of exposed people as well
as for the hypothetical maximally exposed individual.
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The primary regulatory approach to ensure safety is through the specification of
standards for the packaging of radioactive materials. Details are provided in
Section 9. In brief, £he packaging req'-iired fee spent fuel trar-sport snusi provide a
high degree of assurance that even in severe accidents the integrity of the package
will be maintained with essentially no loss of the radioactive contents or radiation
shielding capability. In addition, external radiation allowed to escape from the
package must be below specified limits that minimise the exposure of transport
workers and the general public In particular, dose rates during normal
transportation conditions must be maintained below the following limits:

2 mSv/h at any point on, and 100 nSv/h at 2 m from the external surface of the
conveyance;

• 20 uSv/h in any normally occupied position in the transport vehicle.

For comparison, the radiation levels in the vicinity of the currently loaded LHRL-
120 cask and its shipping container are below 30 uSv/h at contact and below
8uSv/h at 2 m distance.

In accordance with the USDOE analysis, the potentially affected population for
incident-free transport is taken to be all persons within 800 m on each side of the
route. For purposes of calculation we have used 30 km as the transport distance.
For the analysis of accident situations the USDOE approach determines the
probabilities and consequences of a spectrum of accident severities and produces a
hypothetical collective dose to the population within the region around such an
accident. Separately, the model examines an accident of maximum credible
severity. For this purpose an accident is considered credible if its probability of
occurrence is greater than 1 x 10"7 per year. For accidents involving the release of
radioactive material the model assumes the material is dispersed in the
environment according to standard Gaussian diffusion models under both neutral
and stable atmospheric conditions. These are mathematical models that describe
the diffusion, dispersion and transport of the atmosphere and the materials carried
in it. The calculation of doses includes the following exposure pathways:

• external exposure to a passing radioactive cloud
external exposure to contaminated ground

• internal exposure from inhalation of airborne contaminants
• internal exposure from the ingestion of contaminated food.

Although post-accident remedial activities would reduce the consequences of an
accident, these activities are given no credit in the dose calculations.

The analysis approach is shown schematically in Figure 7.1. For details of the
computer codes RADTRAN 4 and RISKCND the reader is referred to the USDOE
report DOE/EIS-0218D, March 1995. For the purposes of this ANSTO analysis the
results of the USDOE analysis were pro-rated for a single shipment and for the
characteristics of the HIFAR fuel, fuel transport cask, numbers of potentially
exposed persons, length of road transport journey etc. It is to be expected that both
the radiological and the nonradiological risks calculated for the current shipment
will be rather less than the risks per shipment calculated in the USDOE EIS as a
result of the greatly reduced road transport distance and also the use of actual
(lower) dose rates from the LHRL-120 cask rather than the highesl allowable dose
rates from a generic cask used in the USDOE analysis. However, for the non-
radiological risks the difference will be smaller as in the US case these risks are
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mostly incurred in the densely populated urban areas and the urban stages of
analysed US routes are comparable in distance to the Lucas Heights to Sydney Port
distance. The assumption is inherent in this approach that average heavy vehicle
road accident rates and severities are similar for Sydney and for the typical US
routes considered in the USDOE analysis.

It is considered that this is likely to be sufficiently true for the purposes of this
analysis. As will be seen, the conclusions are sufficiently robust as to be not
materially affected by wide variations in this and similar assumptions based on US
data.

The results of this analysis, for both the case of incident-free operations and the
expected range of accident frequencies and severities, are presented in Table 7.2.

Table 7.2 Incident-free consequences and accident fatality risk per shipment for expected range
of accident frequencies and severities

Case

Incident-free
Radiological

Workers
Public
Total

Nonradiological

Accident
Radiological
Nonradiological

Dose (person-
sievert)
(xlO4)

7
61

Total dose
(person-Sv)

(xlO4)

63

0.002

Latent cancer
fatalities

(xlO*)

0.3
2.44

0.0001

Total fatalities
(xi<n

2.7
3.0

0.0001

3.0

It will be seen from the above that the overall risks from the road transport phase of
the operation are exceedingly small and are generally dominated by the
nonradiological risks that would be common to the transport of any regular
commodity by road. As small as the radiological risks are, the calculation shows
that they would be completely dominated by the routine incident-free exposure of
workers and the general public. The potential additional contribution from
accident scenarios is insignificant.

The USDOE analysis, in addition to the above results, also produces results for a
range of identified 'most exposed individuals' (MEI) and for a 'maximum severity
accident'. These results, scaled for the case of a Lucas Heights shipment in similar
fashion to the above calculations, are shown in Table 7.3.

Table 7.3 Estimated doses to MEI during incident-free transport

Receptor Dose (mSv)

Transport worker
Resident on route
Person in thirty minute traffic obstruction next to load
Annual limit for member of the public
Annual dose from natural background

0.006
0.0000004

0.01
1
2
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The maximum severity accident chosen from the USDOE (1995) model has a
likelihood of occurrence in urban areas of about 1 x 10* per year. Whilst this is an
even more extreme accident than that considered the maximum credible (ie that
having a 1 x 10"7 per year probability of occurrence) we have chosen to use this more
extreme maximum severity accident with the implied greater degree of
conservatism in the resulting estimates. The locations of maximum exposure found
by the USDOE analysis would be 160 m and 400 m from the accident site for neutral
and stable atmospheric conditions respectively. The resulting risks to the MEI and
to the public for a LHRL-120 cask shipment are given in Table 7.4.

Table 7.4 Estimated risks to MEI and to population from a beyond maximum credible accident

Population

Neutral

Stable

Dose (person-
sievert)

0.018
0.15

LCF

0.0009
0.0075

MEI

Dose (mSv)

0.003
0.01

LCF (x lO"*)

02
05

Again these risks are all a minute fraction of a single latent cancer fatality. Since the
transport safety standards in the UK are comparable it is dear that the impact of the
road transport segment in the UK will also be comparable to these exceedingly
small levels.

It is concluded that the road transport phase of the shipment, in both Australia and
the United Kingdom, will have no environmental or health consequences for
workers or the public, taking into account both normal incident-free operations and
a range of possible accident scenarios encompassing accident severities up to and
beyond the maximum credible accident.

7.4 Dock activities and movement out of port

This part of the analysis considers the loading of the cask on board ship, associated
dock handling activities and subsequent movement from port out to the open sea.

Only the radiological impacts to workers are examined for the incident-free
situation. These include dock workers, crane operators, inspectors (customs, port
officials, security personnel etc.) and observers. It does not include road transport
worker activity at the dock nor ship's crew activity at the dock as these are covered
elsewhere in the analysis. The data in USDOE (1995) are adjusted only for the
lower external dose rate of the LHRL-120 cask and, in the case of inspection
personnel, for there being only the one cask in the shipment. The results are given
in Table 7.5.
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Table 73 Incident-free estimated consequences

Category of
exposed
personnel

Inspectors
Port handlers
Port staging

personnel
Total
Maximum
Annual limit

Maximally exposed
individual (jiSv)

2.4
1.9
15

2.4
1.000

Collective dose to
workers (person-Sv)

(xW)

11
6
18

35

MH
consequence
(LCF) (xlO")

0.1
0.08
0.06

0.1

Workers
consequence
(LCFHxlO4)

0.44
0.24
0.72

1.4

The type of collision where the ship carrying the spent fuel is struck by another ship
is the only one capable of leading to damage to a spent fuel cask. This case is used
for the analysis of ship accident risks in port. The analysis used is a probabilistic
one where the risk is determined as the product of the magnitude (severity) of an
unfavourable consequence and the probability of occurrence of that consequence.

If a ship transporting spent nuclear fuel is struck by another ship and the collision
leads to the unlikely case of failure of the spent fuel cask, the prevailing winds
would transport any radioactive gases and aerosols in the plume released to the
atmosphere during the accident away from the accident scene. An engulfing fire is
assumed to contribute to the cask failure and release of radioactive materials.
Estimation of the range and probability of health effects induced by subsequent
radiation exposures, and economic costs and losses that could result from any
contamination of land, buildingr and crops is included in the USDOE analysis
using established computer models of dispersion and health and economic impacts.

Such modelling is inherently very site specific in terms of population distributions,
land use, weather variability and ecology. None of the locations covered by the
USDOE analysis matches identically to the Sydney circumstances in every respect.
However, the envelope of conditions considered satisfactorily encompasses the
conditions applying to an accident in a Sydney port. The USDOE results were
adopted to the Sydney case by using the worst case results in each risk category
(usually those for the port of Elizabeth, by New York city) and were adjusted only
to reflect:

• the lower total radioactivity contents of the LHRL-120 cask compared with that
in the USDOE model;

. the single shipment risk;

where appropriate, to reflect any difference in the total population within the
region of the port.

The radiological consequences, in the remote event of such an accident, were
calculated for the three highest severity categories (scenarios). These results are
given in Table 7.6.
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Table 7.6 Consequences in the event of accident

Severity
category*

4

5

6

Accident Jocatsan

at deck
in channel
at dock
in channel
at dock
in channel

Totel effective <kse equivalent
population dose (person-Sv)

(xlO°)

0.025
0.05

775
850
775
838

Accident consequences
(LCF)

0.0000011
0.0000020
0.033
0.036
0.033
0.035

T7ie six severity categories of possible accidents are described in Appendix D.

Combining these consequences with the respective port accident probabilities for
the chosen scenarios and summing for all accident severities and locations, the
actual total risk estimates per shipment are:

• population exposure risk—5 x 10'' person-Sv
latent cancer risk—2.2 x 10"'° per shipment.

The analysis also produces a calculation of dose to the most exposed individual,
assuming the accident dots happen, which in this worst case is 0.05 mSv, a very
small dose compared with the 1 mSv allowable annual dose limit for a member of
the public.

It is concluded that the impacts of both routine, incident-free in-port operations and
a range of accidents in port up to those of the highest severity demonstrate no
significant environmental or public health consequences. Whilst further port visits
following loading would be avoided as far as possible, the impacts are so small that
multiplying them many times to account for multiple port visits in Australia or in
transit countries does not affect this conclusion.

7.5 Marine transport from Sydney to the United Kingdom

The shipment could be made on either a regularly scheduled commercial container
vessel or a more special purpose cargo vessel. The USDOE analysis demonstrated
that there is no significant difference in impacts between these alternatives so that
environmental impact assessments provide no basis for preferring one mode over
the other. The analysis provided below applies to both alternatives.

Incident-free impacts are considered to be mainly radiation doses to ship's crew.
The analysis includes these doses for loading and unloading operations as well as
from regular inspection operations during the voyage. Following the IAEA
Regulations ensures that there will be no impact on other cargoes that might be
carried by the ship. The US data are pro rated for the LHRL-120 cask on the same
basis as for the road transport and additionally to take account of the longer voyage
times from Australia to the UK than those assumed in the USDOE analysis.

The accident situation analysed is that of the loss overboard of the shipping cask.
(It is noted, however, that normally the cask and its container would be stowed in a
hold and/or between other containers to minimise any chance of loss overboard.)
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The calculated incident-free radiological impacts are shown in Table 7.7.

Table 73 laeidesi-free esiinaied consequences

Crew member Maximum individual exposure (mSv)

Chief Mate 0.18
Mate on Watch 0.02
Bosun 0.18
Seaman (2) 0.03
Engineer 0.15

Non-radiological risks are not analysed as these are no different in kind to those for
shipping any other commodity and the single container load represented by the
spent fuel shipment would not represent a significant increment on the existing
level of these risks.

For comparison, the maximum allowable annual radiation dose to a member of the
public, as the ship's crew would be classed, is 1 mSv. The crew doses are well
within this limit.

An accident at sea involving a spent nuclear fuel cask could impact the
environment in two ways: radioactive material could be released into the air, or into
the water. If the ship carrying the cask is involved in a severe collision resulting in
mechanical damage to the cask and a fire, a portion of the contents of the cask could
escape into the air. However, for this circumstance (i.e. in the open sea) the USDOE
analysis shows that the absence of human population in these areas results in
virtually no human consequences. The radioactive material is dispersed first in the
air and later in the water, and is thus diluted to harmless levels for the biota. If the
cask sinks in the ocean, however, the radioactive material remains concentrated and
the impact on man and biota must be analysed in more detail. The USDOE EIS
(1995) evaluates two scenarios:

• Coastal waters: As the result of a maritime casualty (e.g. collision, foundering,
fire), the vessel sinks in coastal waters, resulting in the submersion of the cask on
the ocean floor. For the consequence calculation the cask is assumed to be not
retrieved (though in reality one would expect that it would be retrieved in nearly
every conceivable circumstance). Analyses are done for both an undamaged
cask and a damaged cask.

• Deep ocean waters: As the result of a maritime casualty (e.g. collision,
foundering, fire), the vessel sinks in deep ocean waters, resulting in submersion
of the damaged cask on the ocean floor. For the consequence calculation the cask
is assumed to be not retrieved.

For the LHRL-120 cask the USDOE results are adjusted in proportion to the total
radioactivity in the cask contents, which is a factor of twenty lower than the cask
used by the USDOE analysis.
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The results of the consequence calculations are as shown in Table 7.8.

Table 7-S Consequence calculations

Organism receiving dose Undamaged cask peak dose rate Damaged cask peak dose rate

Coastal waters
Individual
Biota (fish)
Biota (crustaceans)
Biota (molluscs)

Deep ocean waters
Individual
Biota (fish)
Biota (crustaceans)
Biota (molluscs)

0.1 mSv/a
0.04 mGy/a
0.04 mGy/a
0.1 mGy/a

Cask is
assumed

to fail at deep
ocean depths

7mSv/a
03 mGy/a
03 mGy/a
7 mGy/a

0.06 mSv/a
0.32 Gy/a
0.44 Gy/a
15 Gy/a

It is to be noted that the doses in Table 7.8 are based on extremely conservative
assumptions and at this stage take no account of the extremely low probabilities of
the events modelled. The higher dose rates for the deep ocean case reflect the very
slow currents typical of the deep ocean. This means that the radioactive fission
products are unlikely to be transported very far and consequently concentrates the
dose to those organisms in the immediate area of the cask. It also means that the
population of marine organisms affected would be relatively small, since only a
small area could be contaminated. Additionally, the density of organisms in the
deep ocean is around one percent that in coastal waters. This further reduces the
affected population of marine organisms.

The likelihood of the events leading to potential exposure are next taken into
account in the USDOE analysis to provide overall risk estimates. The risk is given
by the product of the consequences and the frequency of the event. The frequencies
used in this analysis are shown in Table 7.9.

Table 7.9 Frequencies of events leading to potential radiation exposure

Parameter

Shipment accident rate
Probability that cask is damaged given an
accident
Probability that ship sinks given an accident
Probability that a submerged cask is not
recovered
Overall frequency — damaged unrecovered
cask
Overall frequency — undamaged
unrecovered cask

Coastal data

0.00032
0.002

0.001
0.0001

6.4xlO'14

3.2x10'"

Deep ocean data

0.000046
1

0.001
0.05

23x10"

0

Source references far these data are quoted in USDOE (1995).
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Using these frequencies the overall radiological risk estimates are derived. These
are presented in Table 7.10.

Table 7.10 Overall radiological risks from accident at sea

Organism receiving dose Damaged cask peak dose rate Undamaged cask peak dose rate

Coastal risk estimates
Individual
Biota (fish)
Biota (crustaceans)
Biota (molluscs)

Deep ocean risk estimates
Individual
Biota (fish)
Biota (crustaceans)
Biota (molluscs)

4.5xlO'0mSv/a
1.9x10'" mGy/a
1.9xlO'14 mGy/a
45xlO-u mGy/a

1.4xlO-10mSv/a
7x10* mGy/a
1X10* mGy/a

35x10-* mGy/a

3-2xlO'umSv/a
13xlO'umGy/a
13xlQ-u mGy/a
32xlQ-a mGy/a

Cask is
assumed

to fail at deep
ocean depths

These calculated risk estimates are all of no consequence when compared with the
dose limits for individual members of the public, with normal seawater background
radiation levels or with the known sensitivities of marine biota to radiation. For
comparison, UNSCEAR reports the normal background radiation dose rate to
phytoplankton is 15 mGy/a, to fish is 3.5 mGy/a and to molluscs is 24 mGy/a
(UNSCEAR 1988). The same UNSCEAR report states that among aquatic
organisms, fish are the most sensitive to radiation effects and that for chronic
exposures reproductive effects are a sensitive indicator of radiation response. They
report that chronic dose rates of 200-300 mGy/h' (1,800-2,700 Gy/a) are needed to
affect mortality of aquatic organisms. UNSCEAR further concluded that 'only
minor effects in the gonads of fish have been observed at 1 mGy/h (9 Gy/a).
Therefore, it may be concluded a chronic dose rate of around 0.4 mGy/h (3.5 Gy/a)
to the most exposed individuals of marine organisms would be unlikely to result in
significant effects in the populations.' The calculated risks in Table 7.9 are therefore
so low as to not warrant further refinement or development of this already
conservative modelling.

It is concluded that the radiological impacts of the sea transport phase of the
operation, taking both incident-free and accident scenarios into consideration and
considering both human impacts and those on marine biota, are extremely small.

7.6 Potential impact at Dounreay

In respect of environmental and other controls governing impacts in the vicinity of
Dounreay, Scotland, from the eventual reprocessing of these HIFAR spent fuel
elements, it is relevant that research reactor spent fuel reprocessing is only one of
the many nuclear activities undertaken on that site. Operation of the reprocessing
plant at Dounreay is subject to constant surveillance by Euratom Safeguards
Inspectors and to IAEA Safeguards. The licensing of the plant and the monitoring
of plant safety is undertaken by the Nuclear Installations Inspectorate, a branch of
the UK Health and Safety Executive. The road transport operation within the UK is
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regulated by the UK Department of Transport in accordance with the IAEA
Regulations for the Safe Transport of Radioactive Materials. Other regulations
governing the movement and treatment of the spent fuel within the UK include:

• European Agreement concerning the International Carriage of Dangerous
Goods by Road (ADR), Class 7 (ed 1990)

The Radioactive Substances (Carriage by Road) (Great Britain) Regulations
1974 SI No 1735

The Radioactive Substances (Carriage by Road) (Great Britain) (amendment)
Regulation 1985 SI No 1729

• The Ionising Radiations Regulations 1985 SI No 1333 and Approved Code of
Practice

. The Radioactive Substances Act 1993 (UK).

The UKAEA report that discharges to the environment from reprocessing are low
and are limited to the radioactive gases contained in the spent fuel (discharged to
atmosphere following measurement) and a low level liquid waste stream
(discharged, following hold-up and monitoring, via pipeline to the sea). Both of
these discharges are independently monitored, and regulated within strict
discharge limits set by the UK Government's Scottish Office Environment
Department. In assessing these limits for permitted discharges from the site, the
Scottish Office Environment Department has undertaken a detailed assessment of
the possible exposure routes, the effect on the environment of the different
radioactive nuclides discharged and the effect on critical groups of individuals. The
major environmental release from reprocessing operations will be that of gaseous
krypton-85, an element that does not concentrate in any food chains, and the global
consequences of the quantities permitted to be released by UK authorities will be
insignificant. The results of monitoring the environmental discharges are reported
publicly in the Scottish Office Statistical Bulletin Environmental Series. For the
most recent (1993/94) reprocessing campaign, when 596 spent fuel elements were
reprocessed, the discharges resulting represented only 1% of the site discharge
limits for alpha and beta radioactivity.

From 1958 to 1994, including the amount of foreign research reactor spent fuel
mentioned in Section 4, altogether some 12,679 spent fuel elements have been
reprocessed at Dounreay without significant detriment to the environment (or
public health).

The radiological impacts of reprocessing operations at Dounreay are well
monitored and regulated by the UK and European competent authorities so as to
ensure minimal environmental (and public health) impact. The incremental impact
of reprocessing the shipment of HIFAR spent fuel elements will be only a marginal
component of the ongoing operations at Dounreay and will contribute only a very
small fraction of the authorised environmental emission limits for the Dounreay
site.
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7.7 Other general impacts

Short term effects are fully covered in the noore detailed analyses above.

Long term consequences are considered to be neutral or beneficial in effect as:

land does not have to be used for further interim storage;

• the energy value of the spent fuel is conserved;

• materials are conserved and recycled;

wastes are placed into a more amenable form for storage and ultimate disposal;

• no identifiable significant change to air, water noise or other environmental
qualities can be postulated;

no significant impact on ecosystems of the natural environment can be
identified;

it will be clearly demonstrated to the local community that the Government is
taking seriously their concerns by not supporting the open-ended storage of
spent fuel at the LHRL.
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8 Description of standards for protection of the
environment

The transport of radioactive materials is governed by the provisions of the
'Regulations for the Safe Transport of Radioactive Material' issued by the IAEA.
The IAEA Transport Regulations were first issued, at the request of the United
Nations, in 1961 and have been updated regularly since. They have been adopted
as, or used as the basis for, national regulations in essentially all the member
countries of the IAEA including Australia. They have also been incorporated into
all the major international conventions and requirements controlling the transport
of dangerous materials, including the International Maritime Organisation (IMO)
Dangerous Goods Code.

The objective of the IAEA Transport Regulations is to protect the public, transport
workers and property from both the direct and indirect effects of radiation during
the transport of radioactive materials. The approach also ensures there is no risk to
other cargoes carried in the same vessel. This is achieved by limiting the nature and
activity of the radioactive material which may be transported in a package of a
given design, by specifying design criteria for each type of package, and by
recommending simple rules for handling and stowage during transport. Package
design is essential to ensuring inbuilt safety. Controls on the design and use of the
package and its required strength increase as the hazardous nature of its radioactive
contents increases.

Packaging

The designs for Type B packages, which are used for highly radioactive material
such as spent nuclear fuel, must enable the packages to withstand the effects of a
severe accident without releasing their radioactive contents. They must meet
stringent leak tightness provisions and satisfy mechanical and then thermal (crash
and fire) tests and a water immersion test. There are drop tests, one from a height
of nine metres onto an essentially unyielding surface and the other, a puncture test
onto a steel bar. The thermal test subjects the package to a hydrocarbon fuel/air fire
with an average flame temperature of 800°C for thirty minutes. The water
immersion test is that the package be immersed under a head of water of at least
15 m for a period of not less than eight hours, and at 200 m for not less than one
hour, and in the attitude for which maximum leakage would be expected.

It is important to note that the IAEA specified tests are not intended to replicate
directly any specific transport accident. They are intended to simulate the damage
to a package which would result under normal transport conditions or in a severe
transport accident as appropriate. As a USDOE study has noted, 'While one can
postulate accidents that fall beyond those covered by the IAEA standards, the
likelihood of these accidents is so low that they do not pose a credible threat to
public health and safety' (Report DOE/EM-0103, p.5).

Type B packages have impressively survived some extraordinary tests, most
spectacularly a British demonstration in which a diesel locomotive pulling three
carriages was smashed into a nuclear fuel cask at 165 km/h. The cask suffered only
minor damage and no significant leakage. The locomotive was destroyed.
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Packages carrying radioactive materials have been involved in a number of
transport accidents involving all transport modes but most commonly road traffic
accidents. An analysis of the radioactive materials transportation incidents which
occurred in the United States between 1971 and 1992 showed that Type B packages
were involved in fifty-four accidents. None of these packages released any
radioactive material. Similarly, in December 1991, when a crane malfunction
resulted in a cask of spent nuclear fuel falling on the deck of the ship from which it
was being unloaded, the cask suffered only minor damage and there was no
radiological hazard. There has been no recorded case where a package designed for
transporting significant quantities of radioactive materials or spent fuel (a Type B
package) has released its radioactive contents following a transport accident. In the
thirty-five years' experience of transporting such radioactive materials around the
world in accordance with the IAEA Transport Regulations, there have been no
deaths or injuries incurred as a result of the radioactive nature of the material.

In late 1992 the public controversy over a shipment of plutonium from France to
Japan led the relevant international organisations to re-examine the issue of
maritime transport of highly radioactive materials. A Joint lAEA/IMO/United
Nations Environment Program (UNEP) Working Group considered a number of
issues and prepared a 'Code of Practice for the Safe Carriage of Irradiated Nuclear
Fuel, Plutonium and High Level Radioactive Wastes in Flasks on Board Ships',
which was adopted by the IMO in November 1993. The Code sets standards for the
design and construction of ships carrying these materials. During its deliberations,
the Working Group examined a number of allegations that had been made by
certain groups to the effect that IAEA regulatory test standards were inadequate,
but found no evidence to support these allegations. The Code reflects the
consensus of the international bodies and their member states that the packaging
requirements in the IAEA Transport Regulations are adequate. The overall
conclusion of the Working Group was that all the available evidence demonstrates
very low levels of radiological risks and environmental consequences from the
transport of radioactive material.

The transport cask to be used for this current shipment of 120 elements is the LHRL-
120 cask, a Type B(U) cask under the IAEA definitions (a category of Type B cask
specially certified to carry spent nuclear fuel), belonging to ANSTO and designed
and built specially for the carriage of HIFAR spent fuel. The cask already holds a
valid Competent Authority Certification Approval from the Australian Maritime
Safety Authority which certifies inter alia that the design and manufacture of the
cask meets all relevant provisions of the IAEA Regulations for the Safe Transport of
Radioactive Materials. These Regulations are adopted into the Australian Code of
Practice for the Safe Transport of Radioactive Substances 1990, produced under the
Environment Protection (Nuclear Codes) Act 1975, which has been adopted by States
and Territories under their radiation control legislation, and for sea and air
transport by the respective Commonwealth Authorities. In addition the sea
transport arrangements will be in accordance with the International Maritime
Organisation (IMO) Dangerous Goods Code and the IMO/United Nations
Environment Program/IAEA Code of Practice for the Safe Carriage of Irradiated
Nuclear Fuel, Plutonium and Fligh Level Radioactive Wastes in Flasks on Board
Ships 1993.
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Applicable regulations

As previously indicated, the regulations to be applied are those embodied in the
Australian Code of Practice for the Safe Transport of Radioactive Substances 1990.
It is noted, however, that there is no enabling legislation to enforce the Code for
transport in Commonwealth places and for transport by Commonwealth agencies
other than for transport by air and sea. There is also no Competent Authority
formally designated in the Code for surface transport by the Commonwealth.

While ANSTO's statutory immunity from State environmental and planning
controls means in theory that ANSTO need not consider NSW requirements for this
operation, in practice, ANSTO would not wish to rely on this immunity but would
wish to see an independent regulator in place to oversight this operation in
accordance with the normal NSW requirements. In recognition of the
circumstances outlined in the above paragraph, and for the purposes of auditing
compliance with the Transport Regulations in respect of the movement by road
through Sydney suburbs, it would be desirable that either the NSW EPA Radiation
Branch or the Australian Radiation Laboratory be designated to act as the
Competent Authority for this part of the operation. This Competent Authority will
also be consulted in respect of the written procedures to be developed to cover
aspects of this operation.

ANSTO Public Environment Report 41



9 Physical protection arrangements

For the transport over the 30 km from LHRL to the docks, the movement will be
under the supervision of NSW Police who will also provide escort for the road
transport. The movement will take place during the quiet traffic hours to further
minimise the very low risks of accident and to minimise disruption to residents and
traffic along Sydney suburban roads. Security and physical protection
arrangements for the movement will be put in place to meet at least the
requirements of the IAEA Convention on the Physical Protection of Nuclear
Material and will be in accordance with the directions of the ASO.

In accordance with standard nuclear materials shipping arrangements, and against
the extremely remote possibility of an accident, nuclear indemnity cover of
UK£140 million will be arranged through normal insurance channels. The
Commonwealth Government would need to stand by any liability in excess of this
amount for accidents occurring while under Australia's responsibility or
jurisdiction.
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10 Investigation of possible impact of the
proposal

In accordance with the above procedures, an ANSTO radiation protection team will
monitor the operation, taking and recording dose rates in the vicinity of the
operation and doses received by operating and transport personnel. The team will
be available on standby in case of any incident that might disrupt the transport
operation or lead to the possibility of any unforeseen risk of radiation exposures.
Safety Division personnel will also monitor the truck following unloading at the
docks to demonstrate the absence of any remnant contamination.

Otherwise, it is proposed to rely upon the extensive overseas studies of much larger
spent fuel transfers, the impeccable safety record of radioactive material transport
in accordance with the IAEA Regulations and wide community input in identifying
impacts to be addressed to ensure that the operation will proceed with the absolute
minimum of impact on the environment or public health.
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11 Summary of environmental commitments

Commitment Responsibility Auditor and/or Regulator

Package spent fuel safely in accordance
with Code of Practice for the Safe
Transport of Radioactive Substances 1990.

ANSTO

Surface transport in accordance with Code Contracted transport
of Practice for the Safe Transport of company
Radioactive Substances 1990

ARL (if designated) and/or
NSW EPA Radiation Branch

ARL and/or NSW EPA
Radiation Branch

Sea Transport in accordance with IMO
Dangerous Goods Code,
IMO/UNEP/IAEA Code of Practice for
the Safe Carriage of Irradiated Nuclear
Fuel, and IAEA Safe Transport
Regulations.

Monitor radiation safety of packaging and ANSTO
surface transport and loading onto ship

Contracted shipping
company

Provide any required training to
contractor personnel

Provide equipped emergency response
crew on standby for the period of the
surface transport to Port.

Provide security coverage of suiiace
transport

ANSTO

ANSTO

NSW Police/ANSTO
Security

Implement Emergency Response Plan ANSTO

Australian Maritime Safety
Authority

ARL and/or NSW EPA
Radiation Branch

ARL and/or NSW EPA
Radiation Branch

NSW Emergency Services

Australian Safeguards
Office

NSW EPA Radiation Branch
and/or ARL
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12 Overall conclusion

An exhaustive analysis of every phase of operations involved in the shipping of a
cask of spent HIFAR fuel elements from Lucas Heights to Dounreay in the United
Kingdom, for reprocessing, has shown that there are no significant environmental
or public health impacts from such a shipment conducted in accordance with
standard, internationally established procedures. This conclusion holds true with a
wide margin of safety, taking into account both normal (incident-free) operations
and the full range of accident scenarios up to and beyond the maximum credible
accident. The conclusion would not be materially affected by wide variations in the
input parameters and assumptions used for the analysis.
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Minister For Industry,
Science and Technology
Senator Peter Cook

Minister for Primary
Industries and Energy

Senator Bob Collins

27 October 1995 392/95

Spent nuclear fuel to leave Australia

The Minister for Industry, Science and Technology, Senator Peter Cook, and the Minister for
Primary Industries and Energy, Senator Bob Collins, today announced decisions to reduce the
inventory of spent nuclear fuel from the Australian Nuclear Science and Technology
Organisation's HEFAR research reactor.

HIFAR spent fuel is stored at Lucas Heights in specially constructed facilities, and in
conformity with world best practice.

The safeguards arrangements are monitored by the International Atomic Energy Agency and
the Australian Safeguards Office, and safety is monitored by two independent bodies, the
Nuclear Safety Bureau and the Safety Review Committee,

"Nevertheless, the Government has decided that the present inventory should be reduced in size.

Accordingly, the Government intends to make full use of international opportunities to reduce
the inventory of research reactor spent fuel.

The Government has authorised ANSTO to negotiate terms for shipment of spent fuel of UK
origin to Britain for reprocessing, which involves recovery of valuable unused uranium for
peaceful, non-military purposes.

The UK origin spent fuel comprises about half the current holdings at Lucas Heights. The
remaining holdings of spent fuel are of US origin.

The US Government is currently considering an environmental impact statement into
resumption of spent research reactor fuel shipments to the United States and is expected to
announce the outcome in December 1995. When this process is completed, Australia will
pursue the return to the United States of spent fuel of US origin.

Senator Cook has designated the proposed transfer under the Environment Protection (Impact
of Proposals) Act in order to ensure that there is the opportunity for public examination of the
proposed arrangements.

While shipments such as this have occurred world-wide for over 35 years with no significant
impact on the environment — including shipments from Australia — it is appropriate that the
details of the transport arrangements be open to public scrutiny.

Senator Cook has responsibility for ANSTO and Senator Collins has responsibility for the
overall management of nuclear waste.

CANBERRA
MR473

Russell Faull
Senator Cook's Office
06 277 7580

Brian Johnstone
Senator Collin's Office
09 277 7520
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Appendix B

Glossary

absorbed dose: The energy deposited by ionising radiation per unit mass of
irradiated material. The unit is the gray (Gy), and is measured in joules per
kilogram.

activity (of a substance): The number of disintegrations per unit of time taking
place in a radioactive material. The unit of activity is the becquerel (Bq), one
disintegration per second.

airborne contaminants: Undesirable radioactive matter present in the air.

AIARA: As low as reasonably achievable.

alpha-emitter: A radioisotope that emits alpha particles as it decays. See decay,
radioactive.

alpha particle: A positively charged particle emitted from the nucleus of an atom
during radioactive decay. Consists of two protons and two neutrons (a helium-4
nucleus). Although alpha particles are normally highly energetic, they travel only a
few centimetres in air and are stopped by a sheet of paper or the outer layer of dead
skin.

alpha radiation: The emission of alpha particles when the nucleus of an atom is
unstable and radioactive.

atom: A particle of matter that cannot be broken up by chemical means. Atoms
have a nucleus consisting of positively charged protons and uncharged neutrons of
about the same mass. In a neutral atom the positive charges of the protons in the
nucleus are balanced by the same number of negatively charged electrons in motion
around the nucleus.

Australian regulatory authorities: In Australia, the Nuclear Safety Bureau has
responsibility for monitoring and reviewing the safety of nuclear plant operated by
ANSTO, and fulfils much of the role of a nuclear regulatory body.

background radiation: The ionising radiation in the environment to which we are
all exposed. It comes from many sources—outer space, the sun, the rocks and soil
under our feet, the buildings we live in, the air we breathe, the food we eat, and
from our own bodies.

becquerel (Bq): Unit of activity, equal to one radioactive disintegration per second.
This SI unit may be used instead of the curie (Ci): 1 curie = 3.7 x 10'°becquerels.

beta particle (ray): A particle emitted from an atom during radioactive decay. Beta
particles (rays) are either electrons with a negative charge or positrons with a
positive electric charge. High energy beta particles can travel metres in air and
several millimetres into the human body; low energy betas are unable to penetrate
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the skin. Most beta particles can be stopped by a small thickness of light material,
e.g. aluminium or plastic sheeting.

beta radioactivity: Radioactive transformation of a rrac&ie ii\ vrhkh high energy
electrons are emitted and the mass number remains unchanged but the atomic
number changes by 1 with the emission of a beta particle.

biological shield: Shield surrounding the core of a reactor that reduces or
eliminates the exposure of staff to radiation.

burn-up: Either the percentage of a nuclear fuel that has been fissioned, sometimes
expressed as megawatt days per tonne (Mwd/t), or the percentage change in other
materials.

chain reaction: A process in which one nuclear transformation sets up conditions
for a similar nuclear transformation in another atom. Thus, when fission occurs in
uranium atoms, neutrons are released, which in turn produce fission in other
uranium atoms.

containment: The prevention of release, even under the conditions of a reactor
accident, of unacceptable quantities of radioactive material beyond a controlled
area. Also, commonly, the containing systems itself.

contamination: A deposit of dispersed radioactive material on or within any other
medium, such as land, sea, air, structures, or people.

core: That central fuelled region of a nuclear reactor in which a chain reaction can
take place.

critical mass: The smallest mass of fissile material that will support a self-
sustaining chain reaction under specified conditions.

criiicality: A nuclear reactor has reached critically when the rate of neutrons
produced is equal to the rate of neutron loss and a self-sustaining chain reactor can
occur.

curie: A measure of radioactivity. Although the official SI unit is now the becquerel
(Bq), the curie may still be used. 1 Ci = 3.7 x 1010 Bq.

daughter product: A nuclide formed in the radioactive decay of another (called the
parent).

decay, radioactive: The disintegration of an atomic nucleus resulting in the release
of alpha or beta particles, or gamma radiation.

deuterium: Also called 'heavy hydrogen'. A non-radioactive isotope of hydrogen
having one proton and one neutron in the nucleus. It occurs in nature in the
proportion of 1 atom to 6,500 atoms of normal hydrogen. (Hydrogen atoms contain
one proton and no neutrons).

DIDO: The original reactor of the class of which HIFAR is an example. It produces
a high neutron flux at low thermal power through its use of highly enriched
uranium fuel and a heavy water moderator.
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dose limits: The maximum radiation dose that a person may receive over a stated
period of time. Internationally recommended limits adopted by Australia are that
radiation workers should not accumulate 50 mSv per year ( a limit that is in the
process of beirtg reduced to 25) rnSv per year). 3v [embers of fee pubnc should not
receive more than 5 mSv (also to be reduced). Where doses are likely to approach
this limit over many years, it is recommended that the lifetime dose equivalent be
restricted to a value corresponding to an average annual dose of 1 mSv.

dosimeter. A device, such as a film badge, to measure the radiation dose a person
receives over a period of time.

effective dose: Physical quantity used in the measurement of ionising radiation
dose to humans, taking into account the harmfulness of different types of radiation
and the susceptibility to harm of different organs of the body. The special unit of
effective dose is the sievert, or more commonly the millisievert (one-thousandth of
one sievert).

electromagnetic radiation: Waves of energy that are caused by the acceleration of
charged particles. Includes radio waves, infrared, visible light and ultraviolet
radiation (all non-ionising radiation), and x-rays and gamma rays (ionising
radiation).

electron: The negative charged particle that is a common constituent of all atoms.
Electrons surround the positively charged nucleus and, in a neutral atom,
determine the chemical properties of the atom.

element: A chemical substance that cannot be divided into simpler substances by
chemical means; atomic species with the same number of protons.

enrichment: Any process by which the content of a specified isotope in an element
is increase. Uranium, as a reactor fuel, usually has to be enriched, i.e. the natural
isotopic abundance of uranium-235 (0.7%) has to be increased to about 3%. Material
at 20% or greater enriched is called high enriched uranium; below 20% it is low
enriched uranium.

equivalent dose: The absorbed dose, taking into account the relative biological
effectiveness of differing types of radiation and other modifying factors. (See
effective dose), the unit of equivalent dose is the joule per kilogram, with the special
name sievert (Sv). More commonly, the millisievert (mSv), one-thousandth of a
sievert, is used. Whole-body dose from natural background radiation is about 2
mSv each year.

Euratom: The regulatory body that oversees and inspects nuclear materials controls
on the European peaceful nuclear industry.

exposure dose: A general expression for the quantity of ionising radiation to which
a sample (or person) has been exposed).

external dose: A dose of radiation delivered to a living organism from outside the
body, as opposed to an internal dose delivered by radioactive materials that have
been swallowed, inhaled, or incorporated into the body.
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film badge: A pack of one or more photographic films and appropriate filters
(absorbers) used for the approximate measurement of radiation exposure or
quantities related to absorbed dose.

fissile material: A material capable of undergoing fission by thermal (or slow
neutron, e.g. uraruum-235 and plutonium-239.

fission: Usually, the division of a heavy nucleus into two similar but generally
unequal masses, with the emission of neutrons, gamma radiation and a great deal
of energy.

fission prodiict decay: The process by which radioactive atoms from fission become
stable through the emission of radioactive particles.

fission products: The atoms formed as a result of fission. Most fission products are.
very unstable, have short half-lives and are highly radioactive, emitting copious
quantities of beta rays and gamma rays over a range of energies. A small number
emit delayed neutrons.

flux, neutron. The number of neutrons passing through one square centimetre per
second.

food chain: The transfer of radioactivity through a series of organisms that
successively depend on each other for food.

fission products: The atoms formed as a result of fission. Most fission products are
very unstable, have short half-lives and are highly radioactive, emitting copious
quantities of beta rays and gamma rays over a range of energies. A small number
emit delayed neutrons.

flux, neutron: The number of neutrons passing through one square centimetre per
second.

food chain: The transfer of radioactivity through a series of organisms that
successively depend on each other for food.

fuel cycle, nuclear: The series of steps involved in supplying fuel for nuclear power
reactors. It includes the mining, refining and enrichment of uranium; fabrication of
fuel elements and their use in a reactor; chemical processing to recover the
fissionable material remaining in the spent fuel; re-enrichment of the fuel material
and its refabrication into more fuel elements; and waste management, including
spent fuel disposal.

fuel element: The assembly of fuel rods, tubes or plates into a fuel unit that can be
loaded into a reactor.

fuel rod: A single tube of cladding filled with fissionable material. Fuel rods are
assembled into fuel elements.

gamma radiation: Gamma radiation is short wavelength electromagnetic radiation
of the same physical nature as light, X-rays, radio waves, etc. However, gamma
radiation is highly penetrating (more so than X-rays) and, depending on its energy,
can require a considerable thickness of lead or concrete to absorb it. Because
gamma radiation causes ionisation, it constitutes a biological hazard.
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gamma radioactivity: Electromagnetic radiation of high quantum energy emitted
after nuclear reactions or by radioactive atoms when the nucleus is left in an excited
state after emission of alpha or beta particles.

graphite: A very pure form of carbon used a moderator and reflector in some
reactors.

gray (Gy): The unit of measurement of absorbed dose. It is the amount of radiation
that deposits one joule of energy in one kilogram of material. Replaces the rad:l Gy
= 100 rads.

half-life, biological: The time required for the amount of a particular substance in a
biological system to be reduced to one-half of its value by biological processes when
the rate of removal is approximately exponential.

heavy water: Deuterium oxide (D2O), or water containing significantly more than
the natural proportion (one in 6,500) of heavy hydrogen atoms. Heavy water is
used as a moderator in some reactors because it slows down neutrons effectively.

HIFAR (high flux Australian reactor): Nuclear reactor of the DIDO class owned by
ANSTO and located at Lucas Height.

high level waste: Any waste material that emits sufficiently large amounts of heat
and penetrating ionising radiation to require the maximum standards of radiation
protection for personnel when the waste is handled, transported or stored.

intermediate level waste: Waste of a lower activity level and heat output than high
level waste, but which still requires shielding during handling and transportation.
The terms is used generally to refer to all wastes not defined as either high level or
low level.

ionising radiation: Radiation capable of causing ionisation of the matter through
which it passes. Ionising radiation may damage living tissue.

irradiated fuel: Fuel elements that have undergone fission in the reactor and
therefore contain highly radioactive fission products.

irradiation: Exposure to neutrons, charged particles or ionising radiation.

isotope: Atoms of an element having the same number of protons but different
numbers of neutrons in the nuclei. Different isotopes of the same element have the
same chemical properties, but somewhat different physical properties (see also
nuclide).

LHRL-120: ANSTO's purpose built transport cask certified by the competent
authorities in accordance with the IAEA Sate Transport Regulations for the
transporting up to 120 HIFAR spent fuel elements.

light water: Sometimes used to denote ordinary water as opposed to heavy water.

low level waste: Any waste material that contains measurable quantities of
radioactivity, requiring minimum standards of protection for personnel when the
waste is handled, transported or stored.
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maximum credible accident: A postulated major accident, hypothesised for the
purposes of site analysis or postulated from considerations of possible accidental
events, that would result in potential hazards not exceeded by those from any
accident considered credible.

moderator: A material, such as ordinary water (H,O), heavy water (D,O) or
graphite, used in a reactor to slow down high velocity neutrons, thus increasing the
likelihood of further fission.

monitoring, radiation: The collection and assessment of information to determine
the adequacy of radiation protection.

MW (th): The thermal energy output of a reactor—either research or power
generating—measured in megawatts (1 watt = 1 joule per second).

MWd: The thermal power output (MW(th)) of a reactor multiplied by the number
of days of operation and expressed as megawatt days.

neutron: An uncharged particle with a mass slightly greater than that of the proton,
found in the nucleus of every atom except ordinary hydrogen. Neutrons are vital
part of the chain reaction in a nuclear reactor.

neutron absorption: The addition of a neutron into the nucleus of an atom by
capture or bombardment.

neutron scattering: The displacement of a beam of neutrons by the atomic structure
of a material.

noble gases: Also know as inert gases, the noble gases (helium, argon, krypton,
xenon and radon) have filled electron shells and normally do not react chemically
with other elements. There are some radioactive isotopes of noble gases.

nuclear reactor: A structure in which a fission chain reaction can be maintained
and controlled. It usually contains fuel, coolant, moderator, control absorbers and
safety devices and is most often surrounded by a concrete biological shield to
absorb neutron and gamma ray emission.

nucleus: The positively charged core of an atom. It is about 1/10,000 the diameter
of the atom but it contains nearly all the atom's mass. All nuclei contain protons
and neutrons, except the nucleus of ordinary hydrogen, which consists of a single
proton.

nuclide: An alternative term to isotope. Hence radionuclide for radioisotope.

plutonium: A radioactive element that can be created by the absorption of a
neutron by uranium-238. It has the atomic number 94, and has a range of isotopes
with mass numbers 238 to 246. The most important is the fissile plutonium-239.

proton: An elementary particle with a single positive electrical charge and a mass
approximately 1,837 times that of the electron. Also, the nucleus of an ordinary or
light hydrogen atom. Protons are constituents of all nuclei.

rad: Unit of absorbed radiation dose. Now superseded by the gray (Gy): 1 Gy = 100
rad.
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radiation: A term that embraces electromagnetic waves, in particular X-rays and
gamma rays, as well as streams of fast-moving charged particles (electrons, protons,
etc.) and neutrons of all velocities, i.e. all the ways in which energy is given off by
an atom.

radiation exposure pathways: The routes by which radioactive materials can reach
and irradiate people. These include the carrying of radioactive materials by air or
water followed by inhalation or ingestion, the carrying of radioactive materials
through food or animals that absorb the materials, or direct radiation from sources
external to the body.

radioactivity: The property of certain nudides of spontaneously emitting particles
or gamma radiation, or of emitting X-radiation following orbital electron capture, or
of undergoing spontaneous fission.

radioisotope: An isotope of an element that is radioactive. Most natural isotopes
lighter than lead are not radioactive. Two important natural radioisotopes are
carbon-14 and potassium-40.

radionuclide: Any nuclide (isotope of an element) that is unstable and undergoes a
natural radioactive decay.

radiopharmaceuticals: Pharmaceutical compounds containing a radioactive
constituent.

radon: A radioactive element, the heaviest of the noble gases. Radon gives rise to
the major part of radiation dose from natural background radiation. It is a decay
product of radium.

rem: Measure of biological effect of radiation (dose equivalent). Now superseded
by the sievert (Sv): 1 Sv = 100 rem. (ANSTO)

reprocessing: The chemical dissolution of spent fuel, to separate unused uranium
and plutonium from fission products and other transuranic elements. The
recovered uranium and plutonium can then be recycled into new fuel elements. In
the case of research reactor spend fuel there is usually only a small quantity of
plutonium produced and it remains with the fission produce wastes rather than
being separated.

sievert: The unit of measurement of dose, effective dose or equivalent dose, it is
equal to the absorbed dose (in grays) multiplied by a factor related to a particular
part of the body. It is the unit used to assess the effects of ionising radiation on
living cells. Usually measured in millisieverts, the whole-body dose that every
person receives from natural background radiation in one year is .2 millisieverts.
Replaces the rem: 1 Sv = 100 rem.

slow (thermal) neutrons: Neutrons travelling at speeds comparable to everyday
atoms, required as links in the chain reactions in reactors.

spend fuel: Nuclear fuel elements in which fission products have built up and the
fissile material depleted to a level where a chain reaction does not operate
efficiently. Also referred to as irradiated fuel.

stable isotope: An isotope incapable of spontaneous radioactive decay.
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tritium: The isotope of hydrogen of mass 3. it is very rare and is naturally
radioactive, but can be made in a number of ways, including neutron absorption in
lithium, deuterium or heavy water. It has a half-life of l?-5 years.

uranium: A radioactive element with two isotopes that are fissile (uranium-235 and
uranium-233) and two that are fertile (uranium-238 and uranium-234). Uranium is
the basic raw material of nuclear energy.

uranium, enriched: Uranium in which the content of the fissile isotope uranium-235
has been increased above the 0.7% natural content. Low enriched uranium with 2-
4%or uranium-235 is fuel for many power reactors, whereas high enriched uranium
with up to 90% of urartium-235 is fuel for fast breeder reactors and the explosive in
nuclear weapons.

•waste disposal facility: A special plant set up to store an treat radioactive waste
materials to ensure that these materials cannot be released in an uncontrolled
manner into the environment.

whole-body dose: The equivalent dose of radiation over a human body.

X-ray: Electromagnetic radiations with wavelengths much shorter than visible
light but usually longer than gamma rays. X-rays have a lower energy than gamma
rays.
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Accident severity categories

Accident severity
categories

Accident conditions

1 Conditions do not exceed those for a Type B package, no release of
contents,

2 Conditions equal to those for Type B certification tests; no release of
contents.

3 Seal damage creates leak path, but fuel undamaged; only corrosion
deposits, if present, released from package.

4 Impact damage great enough to cause damage to spent fuel; fuel
participates and fission gases may be released.

5 Impact damage to seals plus fire sever enough to cause the cask to leak
with release of fission gases, volatiles, and particulates.

6 Severe impact damage plus fire severe enough to oxidize fuel with
release of greater amounts of volatiles than Category 5.

Source: USDOE1995.
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GUIDELINES FOR A PUBLIC ENVIRONMENT REPORT ON
THE PROPOSAL TO SHIP SPENT EDCFAR FUEL TO THE

UNITED KINGDOM FOR REPROCESSING

INTRODUCTION

The Purpose of Environmental Impact Assessment

Environmental impact assessment protects the environment through examining
the likely environmental impacts of proposals and taking steps to niiriimise and
mitigate adverse impacts.

As the basis for the Commonwealth's role in these matters, the Environment
Protection (Impact of Proposals) Act 1974 (the Act) ensures that matters
affecting the environment to a significant extent are fully examined and taken
into account in decisions and actions undertaken by the Commonwealth
Government In the Act, the environment is defined as including all aspects of
the surroundings of human beings, whether affecting human beings as
individuals or in social groupings.

The object of the Act may be achieved in a number of ways. Options include
public review of a proposal and its likely environmental impacts. Where
environmental impact assessment with public review is deemed appropriate, the
Minister may direct the preparation of a public environment report (PER) or an
environmental Impact statement (EIS). A PER will be directed when it is
considered that the public should be made aware of a proposal and its potential
impacts, but where the impacts are expected to be few, or focused on a small
number of specific issues. A PER provides a more .selective treatment of the
environmental implications of a' proposal than does an EIS.

Throughout the assessment process it is the aim of the Commonwealth
Environment Protection Agency to advise and assist the proponent to improve or
modify the proposal in such a way that the environment is protected. However,
it is up to the proponent to identify the potential environmental impacts and to
design and implement proposals which protect the environment.

The Function of a PER

The PER is required to contain adequate, high quality information to provide a
sound basis for the pro.vision of advice to the Government. In a PER the
proponent is required to describe the proposal and its specific environment, to
discuss the potential impacts of the proposal and then describe how those
impacts are to be managed so that the environment will be protected. Where it
appears that natural and social values cannot be protected proposals to mitigate
adverse impacts are required.



The propcuerl shoald bear is. rdad the following aiip.s of the PER and the public
review process:

• to provide information on the proposal and its likely environmental
consequences;

• to provide a forum for public consultation and to obtain informed comment
on the proposal; and

• to provide a basis for advice, to the Government, on protecting the
environment

It is intended, through the PER process, to identify environmental risks, manage
potential conflict through the provision of a means for effective public
participation, rninknise adverse environmental impacts, inform decision makers,
and achieve environmentally sound decisions and proposals.

General Content, Format and Style

The Administrative Procedures under the Act provide guidance on the
assessment processes and public review. Paragraph 4.2 of the Administrative
Procedures lists those general matters to be addressed in any PER. In summary,
a PER should:

• present a summary of the proposal and any feasible and prudent
alternatives to it - particular emphasis should be placed on any aspects of
the proposal likely to have a substantial or important effect on the
environment;

• describe the environment likely to be affected by the proposal and by any
prudent and feasible alternative;

• indicate the potential impact on the environment of the proposal and of
any prudent and feasible alternative - including any likely enhancement of
the environment;

» outline the reasons for the choice .of a particular course of action;

describe any safeguards or standards for the protection of the environment
intended to be adopted or applied and assess the [likely] effectiveness of
such safeguards or standards;

« state any investigations or studies relating to possible impacts on the
environment which it is intended will be undertaken before the proposed
action is undertaken; and

• state any intended monitoring or reporting of environmental impacts
following implementation of the proposal. '



The PER should present a scientific analysis of the proposal and its environment
based on the results of available research, studies and data as appropriate. The
description of the existing environment and the discussion of impacts should
include a critical evaluation of any deficiencies in the available information
which may adversely affect the validity of any conclusions drawn during the
assessment

Maps, diagrams, tables, photos etc. should be provided particularly where they
can clarify, substitute for or reduce text

The Guidelines

A scoping exercise has been undertaken as a first step toward developing these
guidelines. While every attempt has been made to ensure that these guidelines
address the major issues associated with this particular proposal, they are not
intended to be exhaustive and should not be interpreted as excluding from •
consideration any matters deemed to be significant, but not incorporated in them,
or matters (currently not deemed significant or important) that may alter in
significance during the course of the preparation of the PER.

The guidelines provide detail of matters which should be addressed by this PER,
These should be covered only to the extent considered appropriate, with greater
emphasis being placed on the major issues.

CONTENTS OF THE PER

Summary

As required by paragraph 5.2 of the Administrative Procedures under the Act, the "
PER must include a concise summary of matters discussed in the main body of
the document, providing a clear and concise overview of the proposal and its
environmental implications. This summary should include:

• title of the project;

• name and address of the proponent;

• a brief discussion of the background to and the need for. the proposal
(including the reason for the Australian Nuclear Science and Technology
Organisation being the proponent, the origins of the material and the timing
and means of 'arrival* or the material at its present location;

• a brief description of the proposal (including a description of the nature,
quantity and ownership of the material to be moved and a summary of die
packaging/treatment, transport method, transport route, transport timing,
proposed safety standards and contingency plans,;

a brief discussion of the alternatives mid reasons for selecting the preferred
option(s) (including packaging, transport methods, transport routes) as well
as a brief examination of the consequences of the removal not proceeding;



• a brief descriptioa of the existing environment at the interim storage site in
terms of its physical, biological and socio-economic/cultural attributes;

• a description of the principal environmental impacts of the proposal (both
adverse and beneficial); and

• a statement of the environmental protection measures, safeguards and
monitoring and reporting procedures proposed.

Introduction

The introduction to the. PER should provide:

• a brief explanation of the scope of the proposal and the issues and decisions
which led to the proposal at mis time and in mis context;

• a brief description of the specific areas to be affected (both environmental
and developmental) of the present storage site and transport route;

• a brief explanation of the legislative framework

Commonwealth/State/local government legislation applying to the
proposal,

approvals required for the proposal,

regulations, standards, or guidelines etc. governing the transport and
storage - and, where appropriate, identify those State standards,
regulations, or guidelines etc. proposed to be met, and

- legislated monitoring or reporting requirements; and -

• a brief description of studies/surveys/consultations conducted in developing
the proposal and preparing the PER,

Need and Justification for the Proposal

Provide an explanation of the need and justification for the proposal, including;

« a statement of the specific objectives the proposal is intended to meet;

• an analysis of the need for the proposal;

• expected regional, S tate or national benefits of the proposal - including a
broad analysis of the environmental costs and'benefits of the proposal; and

• an examination of the consequences of not proceeding with the proposal.



Description of the Proposal and its Environment

All components of the proposal should be described and discussed to an
appropriate extent, with greater emphasis being placed on the major issues.

• describe the nature and quantity of material to be moved in terms of
volume and the nature of the material when packaged;

• describe the form of packaging to be adopted, the standards to be adopted
for packaging, who will be responsible for the packaging and the health
implications of the packaging. Also indicate what health or other
standards are required to be met and the means to be adopted which will
ensure that these standards are met;

• describe the preferred method of transport of material and the standards or
guidelines for transport which are intended to be adopted and the method
by which these standards or guidelines will be met;

• briefly describe the environment along the preferred transport route, as
appropriate;

describe the intended transport operation, including commencement and
completion dates and likely significance in terms of potential exposure to
radiation above background to the public and to a typical operator;

• describe safety and security standards or guidelines it is intended will be
met during the transport operation (with reference to both the work force
and the general public) and indicate the means by which these standards
will be met;

• describe any emergency strategies developed for the transport operation;

• describe the transfer of material from the transport to the ship in terms the
method of transfer and the health and safety standards to be applied;

• describe the manner in which the material will be stored on the ship, the
standards or guidelines which cover that storage and transport, if and how
the material is to be proicr-ted from the elements and maintained, security
measures to be adopted and what, if any specific actions are to be taken to
ensure that the marine environment is protected;

The preceding descriptions should also indicate what monitoring and reporting is
intended and who is responsible for safety, security and monitoring.

Alternatives

All prudent and feasible alternatives to the proposal, including the 'no go1 option,
should be discussed hi sufficient detail to make clear the reasons for preferring
certain options and rejecting others. The alternatives to be discussed should
include:

• alternative transport methods considered;

alternative reprocessing options and locations considered; and



consequences of the 'no go' option.

Baseline studies

In describing the present socio-economic, physical and biological environments
affected by the proposal, and by any prudent and feasible alternative, the results
of any baseline studies conducted to establish the content and condition of the
existing environment should also be provided and referenced.

Environmental Impacts

Explain the likely environmental effects of the proposal. Include those effects
identified in the general parameters discussed in relation to the proposal and its
environment Impacts should be quantified where possible and uncertainties
highlighted, particularly in regard to public heaKh and safety aspects. Criteria
employed in assessing the impacts should be clearly identified.

Particular attention should be given to the expected radiation exposures to
personnel and the public, how (if at all) the transport operation might affect any
items of specific environmental or cultural significance along the chosen route,
hazards or risks and to ths nature of any possible contamination of the
environment from the proposal.

Environmental Management, Monitoring and Reporting

Describe the environmental protection measures proposed to be implemented to
both safeguard the environment and minimise any adverse effects on the
environment. Reference should be made to relevant legislation, standards,
guidelines or codes of practice. Reference should also be made to intended
environmental monitoring and reporting arrangements.

Studies, Consultations and Public Participation

Describe any research, investigations or consultations undertaken hi the course of
evaluating the need, feasibility and design of the proposal (including baseline
studies).

Describe any consultations undertaken with Commonwealth/State agencies,
Local Government, the public or special interest groups.

Describe any public information, participation or consultation activities
undertaken in preparing the PER. Also describe any activities previously
undertaken or proposed to be undertaken to promote public awareness or and
support for the proposal, the dates, the groups and individuals involved and the
objectives of the activities.

Evidence should be provided to show that community concerns have been or will
be addressed as well as information on how this was or will be done.
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Describe any further studies, investigations or consultations, either proceeding or
intended, in regard to the proposal itself or to the potential impacts of the
proposal.

Environmental Commitments

The environmental commitments made in the PER should be clearly defined and
separately listed. In the event of a potential environmental problem being

* identified a commitment should be given to rectify it The listed commitments
should also include monitoring and reporting commitments and should identify:

• who has responsibility;

• what is to be done;

• when it is to be done; and

• who has responsibility for determining that the work done is satisfactory.

All actionable and auditable commitments made in the body of the PER should
be numbered and summarised in this h'st.

Glossary

References

Appendices

A copy of these guidelines should be included as an appendix to the PER.
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Advertisement—28 October 1995



E B L E N

Heights Research Establishment to the United Kingdom Atomic Energy
Authority. Dounreay, Scotland for reprocessing. Transportation wilfbe by road to the port
and then by sea to the United Kingdom.

In accordance' with the Administrative Procedure under the, Commonwealth'
Environment Protection (Impact of Proposals) Act 1974. a Public Environment Report
describing the project and its potential impacts has been prepared by ANSTO.

The Public Environment Report will be available for public review from Wednesday. 1
November 1995 until Wednesday, 29 November 199S and may be examined during this
period at

Commonwealth Environment
Protection Agency
Tourism House
Blackall Street
Barton ACT

Australian Nuclear Science and
Technology Organisation
RecepfcnCentre
New ulawam Road
Lucas Heights NSW

Sutherland Shire Council Library
Belmont Street
Sutherland NSW '.

Botany Council Library.
Botany Town Hall •
Edward Street
BotanyNSW'

Canterbury Gty Council Library '
14-28 Amy Street ̂
CampsSeNSWV;

Rockdale Gty Council Central Library
2 Bryant Street ' •
Rockdale NSW .'. •

Kpgarah Municipal Council Central
Library
Belgr '̂ve Street
KogirahNSW

National Library of Australia
Parkes Place
Canberra ACT

State Library of NSW
Macquarie Street
Sydney NSW

State Library of Queensland
Cnr Peel & St_iley Streets
South Brisbane Qld

Stat: Library of South Australia
North Terrace
Adelaide SA

Marickvifle Council Library
2 Fisher Street
PetershanNSW

Sydney Gty Council Central Library
Town Hall House ' .:
Sydney Square -
Sydney NSW-•-'

Hurstvffle City Council Central Library
Gviccentre'.-' • ,-'
HurstvffleNSW :

; Leichhardt Municipal Council Central
Library ' ;,.,

•64RenwfckSbeet-'
-Leichhardt NSW!

i ••!. :

,• Bankstown Gty Council Central
-•• Library ••-."»

62TheMaIl,: . .'.
Bankstown NSW ' '

WoBongong Gty Council Central
Library • '•''
41 Burrelli Street tf-
WollongongNSW .

State Library of Tasmania
91 Murray Street .
HobartTAS

State Library of Victoria
32SSwanston Street
Melbourne VIC

Library and Information Service of WA
Alexander Library Building
Perth Cultural Centre
Perth WA

State Library of the Northern Territory
25 Cavenagh Street-'
DarwinNT ".

For further information about the display locations contact Mr lohn Mulcair at ANSTO on
(02)7173770.

Copies of the Public Environment Report may be obtained by mail from ANSTO, Private
Mail Bag 1, Menai, NSW 2234.

Interested persons and organisations wishing to comment on the Public Environment
Report are invited to make written submissions by Wednesday, 29 November 1995 to:

The Executive Director
Environment Protection Agency
Blackall Street, Barton ACT 2600

Attention: Peter Davies, Environment Assessment Section

Submissions will be treated as public documents unless confidentiality is requested. Copies
ti all submissions will be forwarded to ANSTO. The'Public Environment Report and any
wntten comments received will form the basis for assessment of the project by the
Commonwealth Environment Protection Agency. Submissions should be preferably on A4
sized paper and in black ink to facilitate copying. ' ' '


