


The Australian Nuclear Science and Technology Organisation (ANSTO) is the
home of Australia’s nuclear science expertise. This unique expertise is applied
to radiopharmaceutical production and research, climate change research,
water resource management, materials engineering, neutron scattering and a
range of other scientific research disciplines.

ANSTO is a Federal Government agency and operates Australia’s only nuclear
reactor OPAL — used for research and isotope production. ANSTO applies
nuclear science in a wide range of areas for the benefit of all Australians.

Accelerators are used to analyse materials — often using extremely small
samples — to determine their elemental composition and age. ANSTO currently
has two accelerators, ANTARES and STAR, both of which are used in ion beam
analysis and accelerator mass spectrometry. Over the next four years, ANSTO
will be establishing a Centre for Accelerator Science including adding two new
accelerators, putting ANSTO at the forefront of this field worldwide. The new
accelerators are a low energy multi-isotope accelerator mass spectrometer and
a new medium-energy tandem accelerator.

ANSTO has also become a partner in a national accelerator collaboration —
Australian Collaboration for Accelerator Science (ACAS) — aimed at maintaining
state-of-the-art accelerator-based facilities and a world-class pool of accelerator
scientists in Australia.
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Foreword

The important thing in science is not so much to obtain new facts as to
discover new ways of thinking about them. William Lawrence Bragg

Each day at the Australian Nuclear Science and Technology Organisation (ANSTO)
is an opportunity to do just that. The chance to see the world and play a role in
shaping that world through the prisms of our science. To build on existing knowledge,
discovered knowledge, shared knowledge, all offering profound insights into issues
as fundamental as the deepest laws of nature through to the basic human factor of
everyday issues including food, water and health.

And it is because of those everyday issues that impact ordinary people that ANSTO
exists. ANSTO scientists and their collaborators have and continue to discover
new information about the way the world works ranging from biology and health
through to physics and material science. These discoveries allow for new ways
to approach healthcare, our environment and our safety. Through state-of-the-art
facilities ANSTO and the international research community advance and contribute
to knowledge of how the world works, at the atomic level.

A quarter of ANSTO’s employees are involved in research across a variety
of fields

In the area of health, radiopharmaceutical and radiolabelling, techniques are being
developed to diagnose and treat diseases such as cancer, and disorders such as
Alzheimer’s, Parkinson’s and schizophrenia. Neutron and X-ray scattering methods
are used to investigate and determine the structure of food-based systems, such
as proteins, with direct applications to food processing and human nutrition. In
materials science, researchers are aiming to design safer, smarter materials and
examining the lifetime and integrity of existing materials in major infrastructure
projects. They are also involved in national security, including forensics research.
In the environmental arena, ANSTO scientists use nuclear-based techniques to
understand and track climate change to provide practical, science based advice to
decision makers.

Understanding the future means unlocking the past

For example, radiocarbon dating is one of the most reliable and well-established
methods for dating artefacts from the past 50,000 years. The radiocarbon age of a
sample is determined by measuring its *C concentration and by assuming a known
level of atmospheric *C through time. Reporting high-precision, high-resolution
atmospheric *C record from a Huon pine in Tasmania for improved radiocarbon
calibration for the early Younger Dryas has provided insights into the implications
for radiocarbon calibration and abrupt climate change.



Quality of life

In our life sciences work we are making advancements in understanding the
neurobiological mechanisms involved in the onset of epilepsy through investigating
the neuroinflammatory processes. Using our in-house radiotracer (**F-PBR111),
which is highly specific for receptors reflecting inflammatory tissue, has allowed us
to map and quantify neuro-inflammation in vivo, and to correlate it with a full in vitro
assessment of the neuroinflamation pattern.

Elucidating the role of the neurotransmitter dopamine through small-angle X-ray
scattering, we have mapped a further step in the study of brain diseases such as
Parkinson’s. ANSTO has also shown how understanding complex food structures
is essential in providing new insights into diet-related diseases.

Taking it to extremes

In the materials world, we have a new understanding of materials that shrink
on heating. Through the study of the structure and dynamics of a metal organic
framework compound, using neutron scattering and modelling methods, we find
a new mechanism in which molecular groups twist locally, rather than collectively,
offering the possibility of tuning the molecular mechanism to obtain the desired
thermal-expansion characteristics.

ANSTO’s quest for new knowledge is supported by collaboration, partnerships and
state-of-the-art facilities to ensure that, as a public research organisation, we fulfill
our mandate.

The following pages offer a cross selection of our research to illustrate how seriously
we take our responsibility.

(s

Dr Adi Paterson,
Chief Executive Officer
ANSTO
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Climate and Environment

ANSTO is a centre of excellence in understanding how
environmental systems function and interact and the
Impact that humans are having on the environment.

Our ability to understand, mitigate and adapt to climate
change requires robust measurements and objective
analysis. Our scientists collaborate with national and
International partners in using nuclear and isotopic
techniques to understand the role of natural variability
and human impacts on water, air and Earth systems.

ANSTO has some of the best instruments in the world
to do this work. These instruments are capable of
showing us what the Earth was like millions of years
ago, helping us to model and predict future climate
change, manage our limited water resources and
monitor air pollution and its effect on human health.
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Radiocarbon in Tasmanian Huon pine

and its implications for radiocarbon

calibration and abrupt climate change

Quan Hua, David Fink, Vladimir Levchenko, Andrew Smith and Fiona Bertuch

ANSTO

Radiocarbon dating is one of the most reliable and well-established methods for
dating the past ~50,000 years. Radiocarbon age of a sample is determined by
measuring its C concentration and by assuming a constant level of atmospheric
"C through time. However, not long after the establishment of the radiocarbon
dating method (in the late 1940s), it was recognised that the ™C concentration
of the atmosphere in the past has not been constant. Here, we report the high-
precision, high-resolution atmospheric “C record from a Huon pine in Tasmania
for improved radiocarbon calibration for the early Younger Dryas. Our study also
allows for a critical evaluation of mechanisms of atmospheric C variations and
abrupt climate change during the Last Deglaciation, ~20,000 - 11,600 calendar

years before present.

Radiocarbon calibration

Variations in atmospheric **C concentrations are
mainly due to variations in the rate of radiocarbon
production in the atmosphere, caused by changes
in the Earth’s magnetic field, variability in solar
activity, and changes in the carbon cycle. The
result is that radiocarbon and calendar ages are
not identical, and the radiocarbon ages have to
be converted to calendar ages using a calibration
curve, which describes the atmospheric *#C
concentration in the past measured in precisely
and independently dated materials.

The internationally ratified calibration curve
for IntCal04 terrestrial samples (e.g. woods,
charcoals and macro-fossils) covers the past
26,000 years [1]. This curve is reliably based
on dendrochronologically dated for the period
12,400 — 0 calendar years before present (BP).
For the remaining period 26,000 — 14,000
calendar years BP, the curve is derived from
independently dated marine samples such
as corals and foraminifera in varved marine
sediments. However, these archives may not be
ideal for radiocarbon calibration because they
are subject to uncertainties in varve counting and
in the assumption of a constant marine reservoir
age correction (a “C age offset due to upwelling
of old carbon from the ocean interior) applied for
each marine sampling site, which may not be valid
for intervals of rapid climate change during the Last
Deglaciation (~20,000 — 11,600 years ago).

Figure 1 - One of the 4 sub-fossil Tasmanian Huon
pine used for AMS analysis. This log, SRT-782,
contains 350 rings.

FIGURE 1
Tasmanian
Huon pine log
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Excavation of
sub-fossil

Huon pine logs

Tasmanian Huon-pine logs

We have studied four sub-fossil logs of Huon
pine with clearly defined and measured annual
tree rings which were excavated from alluvial
sediments along Stanley River in north-western
Tasmania, Australia, at 41°41’S, 145°18’E.
These logs are quite well preserved and contain
several hundreds of tree rings each (Figure 1).
We performed radiocarbon measurements on
sequential decadal samples from each of the logs.
A total of 137 samples were pre-treated to alpha-
cellulose, converted to CO, and then graphite
for Accelerator Mass Spectrometry “C analysis
using the ANTARES facility at ANSTO [2]. Final
total analytical **C measurement precision for
most samples ranged from 0.3 to 0.4% (24 —
32 1C years) obtained after a 1-hour runtime.
Based on ring-width information and radiocarbon
results, we have successfully constructed a
floating 617-ring Huon pine chronology, covering
an age range from 10,350 to 10,760 “C years BP.

New tree-ring "C record and its
implications

The “C age range and patterns of the older part
and middle portion of the Huon pine record are
similar to those of the younger part of a 1382-
ring Late Glacial Pine chronology from Europe
[3], and to those of the older portion of extended
European absolute chronologies [4], respectively.
This allowed us to link our Huon pine “C record
to the floating Late Glacial Pine record and
anchor it to the absolute tree-ring timescale
(calendar years), by #C wiggle matching (Fig.
2). This resulted in a continuous and reliable
atmospheric **C record based on tree rings for
the past 14,000 cal BP (Fig. 3) for improved
radiocarbon calibration. Large differences of up
to 400 years between tree-ring radiocarbon ages
and those of marine samples during the early
Younger Dryas from 13,000 to 12,600 calendar
years BP (Fig. 3) indicate that marine-derived *C
records do not faithfully represent atmospheric
14C during periods of abrupt climate change, due
to possibly large changes in marine reservoir age
which were not accounted for in these records.

References
[1] Reimer P.J., Baillie M.G.L., Bard E. et al., Radiocarbon 46 (2004) 1029.

In addition, the availability of the continuous and
reliable tree-ring-based atmospheric **C record
for the past 14,000 calendar years BP allows for a
critical evaluation of mechanisms of atmospheric
14C variations and abrupt climate change during
the Last Deglaciation. In particular, by comparing
the tree-ring *C with marine derived **C and
modelled *C based on ice-core °Be fluxes, we
conclude that changes in ocean circulation were
mainly responsible for the onset of the Younger
Dryas cold reversal, while acombination of changes
in ocean circulation and **C production rate were
responsible for atmospheric *C variations for the
remainder of the Younger Dryas [4].

Our work, together with previous studies,
indicates that investigations of atmospheric
radiocarbon variations over time can deliver
crucial information about climate change and
changes in ocean circulation in the past. It
demonstrates that marine-based “#C records,
which can be affected by changes in ocean
circulation during abrupt climate change, are not
ideal for radiocarbon calibration.

[2] Fink D., Hotchkis M.A.C., Hua Q. et al., Nuclear Instruments and Methods B 223-224 (2004) 109.

[3] Kromer B., Friedrich M., Hughen K.A.et al., Radiocarbon 46 (2004) 1203.

[4] Hua Q., Barbetti M., Fink D. et al., Quaternary Science Reviews 28 (2009) 2982.

[5] McCormac F.G., Reimer P.J, Hogg A.G. et al., Radiocarhon 44 (2002) 641.
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Figure 2 - Linkage of the floating Huon pine *C record to the floating Late Glacial Pine (LGP) and extended absolute tree-ring chronologies. The
Huon pine *C ages (from the Southern Hemisphere (SH)) were subtracted by 40 years before being linked to those of extended absolute tree-ring
and the floating LGP chronologies (from the Northern Hemisphere (NH)) because tree rings from the SH were on average 40 “C years older than
contemporaneous NH samples for the last millennium [5].
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Figure 3 - Tree-ring *C vs marine-derived atmospheric *C for the period 14,000 - 11,600 calendar years BP. These marine-based “C records were
used for the reconstruction of the IntCal04 calibration curve beyond 12,400 calendar years BP [1].
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Key to past climates lies in

understanding cave-formation growth

Chris Waring', Stuart Hankin', David Griffith?, Stephen Wilson? and

Samantha Hurry?

TANSTO and 2University of Wollongong, Australia

Studying cave environments and their formation provides a unique insight into our
prehistoric climate and is an important step towards a quantitative interpretation
of palaeo climate. In our field campaign to the Jenolan Caves in New South
Wales, we monitored air gases and drip water through the year, using isotope
technigues for our measurements. A detailed picture of seasonal cave formation
(speleothem) emerged, illustrating growth patterns of stalactites and stalagmites,
and thus helped to further the interpretation of palaeo-climate records.

Why we study caves

Evidence for global warming and Earth’s climatic
history comes from long continuous Greenland
and Antarctic ice-core records [1,2]. These
palaeo-climate records from the poles show the
Earth experienced four major cycles of glaciation
with short intervening periods of relative warmth
over the preceding 500,000 years. At present,
Earth is in a warm inter-glacial period. This
global pattern of glacial cycles has contrasting
and divergent impact in different regions across
the globe because of the influence of changing
ocean currents, atmospheric weather circulation
patterns, and latitude. If we want to better
understand regional impacts of global warming
on our weather long high-resolution palaeo-
climate records from mid and low latitudes
are required. Cave formations (speleothems)
are long, widespread, continental palaeo-
climate archives. At issue is the quantitative
translation of speleothem isotopic and trace
element abundances into reliable records of
past temperature and rainfall. Studies of modern
speleothem growth linked to weather and
climate records are used to improve speleothem
translation.

Whilst there are many good qualitative
speleothem palaeo-climate records, a universal
quantitative transfer function from external
weather / climate to speleothem record is elusive.
Studies of cave environments and speleothem
growth are an important step towards quantitative
speleothem palaeo-climate interpretation. The
growth looks at the net accumulation of CaCO,
(speleothem growth), but in order to interpret this
we need to understand the Gas-Aqueous-Solid
equilibrium conditions in the cave environment
(dissolved ions in water, temperature T, pressure

P, carbon-dioxide concentration in air pCO,).
The largest change to equilibrium conditions in a
ventilated cave environment causing speleothem
growthis fluctuating carbon-dioxide concentration
as a response to the cave-air exchange, driven
by external temperature. Figure 1 shows the
cycle and summarises isotope tracing in
speleothems. The scheme also indicates that
the cave ventilation system, i.e. the location of
the speleothem, will influence carbon-dioxide
concentration - quantative measurements (pCO,)
are shown in Figure 2 - and therefore influence
speleothem growth pattern and palaeo-climate
records.

Field campaign in Jenolan Caves

Continuous CO, monitoring records from different
caves at Jenolan (NSW, Australia) show different
ventilation patterns ranging from slow drainage
at week-month long time-scales (cave opening
“Temple of Baal” one opening without through-air
flow) to large daily (diurnal) fluctuations (“Katie’s
Bower” chamber between a top and bottom
opening) dependent upon the configuration
of cave openings, see Figure 1 [3]. Seasonal
differences are also apparent at Katie’s Bower
with summer peak CO, reaching 5,000 ppm
compared to a winter range from 400 ppm to
1,000 ppm.

An intense 3-week field campaign in May (winter)
continuously measured (5 min) trace gases
(CO,, CH,, N,O) H,0 and isotopic contributions
of CO,8"C,, using a Fourier Transform Infrared
(FTIR) spectrometer. Simultaneous drip-water
pH, air flow, temperature, pressure, and relative
humidity were logged by sensors in the cave
together with external rainfall, temperature,
pressure, and relative humidity.
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FIGURE 1

Speleothem isotopes
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Figure 1 - Schematic diagram showing the proposition; cyclic pCO, drives cyclic CaCO, precipitation. Links cave atmosphere §*CCO, and CO, outgassing =
speleothem growth timing in the diurnal cycle. Similarly there will be a strong seasonal bias to speleothem growth rates. By implication speleothem isotopes will have
a seasonally biased record towards max growth in summer (highest CO,) and summer isotopes.



Drip water was sampled twice daily, coinciding
with CO, maxima and minima (Figure 3 shows
dissolved inorganic carbonate (DIC), &“C,.
dissolved organic carbonate (DOC),8"C__,
alkalinity, anions, and cations). Further spot
samples were taken for drip-water stable
isotopes, **C,., and *H. Our results on soil and
drip water and their isotopic constraints are
shown in Figure 3 — they imply that speleothem
6BC is largely influenced by prior calcite
precipitation, and hence factors that change
speleothem growth will have a consequent
impact on speleothem &2C in palaeo-climate
records.

At Katie’s Bower with a strong ventilation
pattern, speleothem growth rate varies through
the diurnal cycle and between seasons (Figure
4). Low pCQO, in the morning, cave air causes
rapid speleothem growth with CO, exsolved
to the cave atmosphere lowering drip-water
pH. pCO, increases to an evening maxima and
slows speleothem growth before early morning
temperature-induced  ventilation  decreases
pCO,. We find, see Figure 4, that (i) 6“°C,
has an antithetic relationship with CO,, (ii) drip-
water remains constant throughout the winter
experiment. This suggests that CO, is not re-
dissolving into drip-water to dissolve speleothems
nor complicate interpretation of speleothem &'*C
palaeo-climate records. Summer speleothem
growth may have a different 3'*C incorporation
pattern from a higher diurnal peak CO, (up to
5,000 ppm).

Current climate records start from the assumption
of aregular annual growth rate for the speleothem
and a formation age error plus or minus decades
at best. However, our study shows that the
growth patterns of speleothems have a diurnal
and seasonal component as large as the climatic
range. This means climate records need much
more fine-tuning since the growth rate not only
varies over years, but also within a year. High-
resolution speleothem records can also take
advantage of the seasonal isotopic variations to
provide annual markers, thereby allowing high-
resolution chronology and growth rates, similar
to ice-core and tree-ring analysis. We plan
to demonstrate the linkage between weather
records and speleothem isotopes with high-
resolution (monthly) analysis of a speleothem
grown at Jenolan between 1938 and 1998 on a
wire strung across a chamber.

. Weather station
at Jenolan
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FIGURE 2

CO, a guide to ventilation pattern Diurnal
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Figure 2 - At Jenolan, different caves have different ventilation patterns, respond (or not) to external weather. This data shows the two-end members,
only one has a strong diurnal pattern. Katie’s Bower has a top and bottom entrance allowing free through-flow in response to T-differences inside the
cave vs outside, whereas Temple of Baal is isolated. Note, diurnal pattern is also present in winter but amplitude is less; summer range to 5,000 ppm;

winter range to 1,000 ppm. Many caves will have some component of diurnal ventilation.

FIGURE 3

Soil and drip water 6*°C_ . +**C quantifies prior calcite precipitation
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Stalactite Drip water, FOB, 14-May-08, 12:00 -4.50 105.29 3.03
Stalactite Drip water, FOB, 20-May-08, 17:00 -6.30 105.48 3.01
Stalactite Drip water, FOB, 23-May-08, 09:30 -5.80 104.76 2.84

Figure 3 - The soil water DIC §*3C shift from §-15% (per mil) to speleothem drip water -5%. must be due to prior calcite precipitation where lighter §*C
CO, (9% equilibrium fractionation at 13° C) is evolved progressively during speleothem formation. The 10%, shift to heavier DIC **C would normally be
interpreted as interaction with marine limestone, however the drip water C rules out any significant inheritance of dead carbon from limestone. We took
twice daily drip water samples at approx 10am (min CO,) and 6-9pm (max CO,) for DIC and DOC plus §*C of each. On 4 occasions larger samples 1L
were taken for “C (+3°C) and *H. Drip water DIC "°C is very consistent at -5 to -6 per mil except for minor excursion when door was left open for 24

hrs on 13/5/08. Soil DIC &°C is -15%. (already higher than expected -20 to -25%).



CO, 6'°C signatures

Possible sources

e atmospheric §'3C,=-8.5%0

e biogenic 0'3C,=-29%.

e degassing of drip-water 0'3C,=-14.5%. (speleothem growth)

8°C,, = ad"C, +bd"°C, +cd°C,

0"C,, =a(-8.5) + b(-29) + (1—a —b)(—-14.5)
6°C, —6.0a+145
b=
-14.5

Therefore:

1.8 =

08 =

05 =
§  NeFracton

= CanveF racion

% badn — BroRracton

FIGURE 4

Figure 4 - §°C ., may be partitioned to its sources: -8.5%» PDB is normal air; -29%» PDB is biogenic air or air derived from biological respiration, which
could be trees outside cave or bacteria in the cave. -14.5% PDB is derived from drip water DIC 3**C at -5.5 minus 9%. fractionation factor for CO, gas
at 13° C. Note, speleothem growth is not constant during the day: §**C_,has an antithetic relationship with CO,, with low pCO, morning air the highest
4C,,, at -8%. A special analysis provides the proportion of external air drawn into the cave and CO, produced from speleothem formation through the
diurnal cycle. Drip-water 3*C_ . remains constant at -5 to -6%» throughout the winter experiment. By implication in summer when CO, reaches 5,000
ppm speleothem growth is likely to make up the bulk of the CO, if external air conc is fixed.

References

[1] Augustin et al., Nature, 429 (2004) 623-628.

[2] Anderson et al., Nature, 431 (2004) 147-151.

[3] Spotl et al., Geachimica Cosmochimica Acta, 69 (10), (2005) 2451-2468.
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Fresh groundwater lenses
identified within salty groundwater

Dioni I. Cenddn 7/2, Josh R. Larsen’:z, Brian G. Jonesz, Gerald C. Nanson? and

Stuart I. Hankin!

TANSTO and 2 University of Wollongong, Australia

Surface water resources in the Australian interior are unreliable and scarce. However,
they are vital in supporting the vegetation along and near river channels and in maintaining
a delicate ecological balance along the waterholes “billabongs”. Our research has identified
and described shallow groundwater of low salinity forming freshwater lenses up to
1 km wide. These are located directly adjacent to major waterholes, and overlying
the otherwise widespread saltier regional groundwater along the Cooper Creek
floodplain near Ballera (south-west Queensland).

Why we study the Cooper Creek

Cooper Creek (Fig. 1), with a total catchment
area of 306,000 km? is the longest and probably
most ecologically important dryland river in
Australia [1]. It starts at the confluence of
the Barcoo and Thomson Rivers and is fed
largely by the Australian summer monsoon
rainfalls along the north-western slopes of
the Great Dividing Range. Its middle to lower
course is characterised by a multiple channel
floodplain where interacting aeolian and fluvial
sedimentation and gradually reducing river
discharges over the Late Quaternary have
resulted in a unique stratigraphic and geomorphic
setting [2,3]. Local geomorphic features such as
remnant dunes, mud-capped waterholes and
floodplain, combined with large hydrological
variability, result in huge uncertainties in
recharge and groundwater evolution processes.
The Cooper Creek catchment provides a non-
disturbed analogue to understand how other
presently wetter regions, particularly those along
the Murray-Darling Basin, could evolve in the
future if their climate and hydrology becomes
even more variable. Furthermore, this research
could be applied to understand the effects on
dry-land rivers of artificially depleted natural
flooding cycles and their impacts on shallow
groundwater.

Defining fresh water lenses

Fresh water lenses were defined after piezometers
had been installed and groundwater analysed for
major-element chemistry, water stable isotopes
(6°H and 6*¥0) and dissolved sulfate stable isotopes
(sulfate 6*S and $*¥0) along a floodplain transect.
This research identified shallow groundwater of low

salinity forming freshwater lenses, directly adjacent
to major waterholes, and overlying the otherwise
widespread saltier regional groundwater. The
groundwater is recharged through the base of the
waterholes at times of flood scour, but not through
the impermeable floodplain mud. Total dissolved
solids rise with distance from the waterhole and
stable water isotopes confirm that recharge is
consistent with and dependant on, monsoonal
flooding events. Our findings at Cooper Creek
have coincided with the recent description of
similar lenses in the Murray River [4]. While the
Murray lenses are still within a predominantly
gaining stream (watertable above the base of the
stream), the Cooper Creek lenses are below the
base of the waterholes and is therefore a
hydrologically losing stream.

The freshwater lenses we found

The freshwater lenses are asymmetrical
and directly related to the size of the nearby
waterhole. The lenses spread downstream with
total-dissolved solids <5000 mg/L for distances
of up to ~300 m from the waterholes, mixing
progressively with saline regional groundwater
and increasing total dissolved solids between
5000 and 15000 mg/L at 1000 m (Fig. 1b).
Higher total-dissolved solids concentrations in
groundwater are found farther south in central
areas of the floodplain. Complete mixing with
regional saline groundwater is not achieved in
the Goonbabinna-Chookoo transect as shown by
sulfate-8*'S and -8'®0 of groundwater between
waterholes, with generally more enriched isotopic
values than regional groundwater (Fig. 1c).
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Figure 1a - General satellite photograph of the southern section of the Cooper Creek basin showing projected isohyets of mean rainfall (This map
contains data from Commonwealth, Copyright © Geoscience Australia). Figure 1b - Detailed satellite photograph showing a section of the Cooper
Creek floodplain with piezometer locations, the Goonbabinna and Chookoo waterholes and sand dune complex. Figure 1c - Detailed photograph of
the Goonbabinna waterhole near sample location CC7.

FIGURE 1c
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Figure 2 - Variations of total dissolved solids in the groundwater across the transect from the Goonbabinna waterhole to the sand dunes (see satellite
photo Fig.1b). The line above the colourer section indicates the level of the watertable. Floodplain stratigraphy and lithologies are also depicted.

The hydrochemical information suggests that
some degree of communication between
waterholes and the underlying groundwater
exists. This is greatest during recharge episodes
facilitated by channel scour and direct water
contact with underlying sands and is minimised
during no flow conditions due to clay settling from
the receding flood waters. All conservative major
and minor ions analysed in groundwater show a
progressive increase in concentrations farther
from waterholes, regardless of the presence of
sand dunes (Fig. 2, 3). This trend would not be
possible unless freshwater was being supplied
from the waterholes and slowly mixing with the
regional saline groundwater. It also suggests
there is little or no significant contribution of
freshwater through the dunes, despite being
comprised of porous sands and stratigraphically
connected to the underlying fluvial sands.

Water stable isotopes indicate that the shallow
groundwater within the Cooper Creek floodplain
is recharged by water with a homogeneous
isotopic signature, during major flooding events.
Sulfate stable isotopes reveal a limited connection
between the Chookoo waterhole and the regional
shallow groundwater. In the proximity of the
waterhole sulfate -6'0 shifts towards enriched
values, probably as the result of hyporheic redox
processes within the waterhole sediments,
and suggests diffuse leakage to the underlying
watertable may occur during no flow conditions.

The limited extent of freshwater lenses
surrounding the waterholes may have important
controls on the floodplain vegetation ecology,
despite the ability of these trees to tolerate highly
saline ground and soil water. The ground and
surface water dynamics investigated may also
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Figure 3 - (A) Evolution of total-dissolved solids, water-8H and sulfate-
%S with increasing distance from Goonbabinna waterhole. Vertical
bars represent the position of the waterholes (see Fig.1b for location of
samples).

provide a possible analogue for other Australian
rivers that are expected to experience more
ephemeral flow regimes under changing climatic
and anthropogenic conditions.

Future work

Anew piezometer transect has been installed and
sampled with four monitoring piezometers left to
investigate seasonal fluctuations in groundwater
level. The new samples are being analysed at
ANSTO for other naturally occurring isotopes
(14-Carbon, Tritium), these results will define the
time scales involved in the formation of the fresh
water lenses.
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David Cohen'’s
research is helping

identify the sources
and origins of fine-
particle pollution
across the Asian
region.




Understanding long-range

fine-particle pollution in Asia

David Cohen, Eduard Stelcer and Jagoda Crawford

ANSTO

Fine-particle pollution in Asia is generally very high compared with internationally
accepted health goals. Much of this fine-particle pollution is produced by motor
vehicles, fossil-fuel combustion, industrial processes and even windblown soils
from desert regions. As part of a long-term project in the Asian region we have
been using nuclear techniques not only to characterise fine-particle pollution, but
also to quantify their sources and origins across 15 countries in the region.

Monitoring air pollution in the Asian
region

In 2002, the International Atomic Energy Agency
(IAEA) established a Regional Cooperative
Agreement (RCA) project with 14 member
states, including Australia, Bangladesh, China,
India, Indonesia, Korea, Malaysia, Mongolia,
New Zealand, Pakistan, Sri Lanka, Thailand and
Vietnam, to monitor, characterise and quantify
sources of fine-particle pollution in each of these
countries. This is a unique study as each country
uses the same stacked filter samplers and has
sampled at the same time twice a week for at
least 5 years.

The data obtained are unique for the region and
will be picked up by a range of environmental
agencies controlling and managing air pollution
in each of the member states as well as non-
government organisations like the World Bank
and the Asian Development Bank. They will be
used to correlate medical conditions related
to lung disease and heart conditions with high
pollution days, with sources of air pollution and
with hospital admissions. Even for relatively
pollution-free countries like Australia, estimates
show that generally more people are dying
each year from air-pollution related issues than
are killed on the roads. In these Asian regions
the air-pollution levels are above World Health
Organisation (WHQO) recommended guidelines
most of the time, and hence the health effects
are much more significant.

Fig.1 shows the average, media, and distribution
of fine-particle air pollution as measured in this
IAEA project between 2002-08. In this box and
whisker plot the hatched boxes contain 25%-
75% of the measurements for each country, the
vertical whiskers from each box cover the 95%
confidence interval, the (+) signs are the means
and the horizontal bars the median values for

each country. The remaining points outside the
box and whiskers represent extreme values.
The red horizontal bar at 35 pg/m? is the current
US EPA 24 hour maximum fine particle goal and
the green horizontal bar at 15 pg/m? is annual
average goal. Clearly most Asian countries
exceed both US EPA goals for fine particles most
of the time.

Fine-particle characterisation

Fine particles in ambient air are defined as those
particles with aerodynamic diameters less than
2.5 ym in diameter. Particles in this size range
can be directly absorbed into the blood stream
from the lungs, are most efficient at absorbing and
scattering visible light and can travel thousands
of kilometres from their original source emission
points. A full characterisation of these particles,
their sources and their origins will help regulators
better understand air-pollution issues in their
countries.

Each filter has been analysed using four nuclear
techniques (Particle induced X-ray and gamma
ray emission and nuclear scattering and recoil
methods) for between 20-30 different chemical
species [1]. This broad range of chemical species,
together with the long-time series and extensive
area covered by the data collection allowed a
comprehensive dataset of source fingerprints
and source contributions to be compiled across
a very broad area of Asia.

The current US EPA (Environmental Protection
Agency) fine-particle health goal is 15 pg/mé (green
line) annual average and 35 pg/mé 24 hr maximum
(red line). Clearly many countries exceed these
two goals.The current database (established by
the IAEA/RCA project) contains more than 8,400
individual sampling days. Each analysed for more
than 20 different elements from hydrogen to lead.
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Studying the trajectories of fine
particles

Statistical techniques such as Positive Matrix
Factorisation [2] can be applied to this database to
obtain source fingerprints and their contributions
to the total fine-particle mass. Fig. 2 shows

Figs. 3 and 4 show two such seven-day back
trajectories for a high Soil event on 5 March
08 and a high Coal event on 10 Feb 08 at the
Hanoi site.These back trajectory methods can
be extended to look at all extreme events (over
a long period of time) whose back trajectories
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Figure 1 - Box and whisker plot of average fine particle masses for 14 Asian countries between 2002-08. (+) are means, horizontal bars are

the medians.

Soil and Coal Fired Power Station Sites in Eastern Asia
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Figure 2 - Map of the desert regions (boxes) and major coal fired power stations (dots) in China.

the major desert regions and the larger coal-
fired power stations in eastern China, north of
Hanoi. It is well known that the Taklamakan and
Gobi Desert regions produce large dust storms
between March and April each year which may
travel across Korea and Japan [3].

By applying standard back trajectory techniques
[4] we can determine source ‘fetch regions’ for
major Soil and Coal events from the Hanoi site.

intersect with known source regions such as the
Taklamakan or Gobi Deserts or the coal-fired
power stations in eastern China.
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Figure 3 - Back trajectory plots and intersections for extreme Soil events between 2001-08.

The symbols within the desert regions (boxes)
of Fig. 3 and the coal-fired power stations
open circles) of Fig. 4 represent the number of
trajectory intersections that impacted the Hanoi

site between April 2001 and December 2008 with
Soil levels above 6 pg/m® and Coal levels above
30 pg/méd.
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Figure 4 - Back trajectory plots and intersections for extreme.

Fig. 4 shows Coal events between 2001-08.
Clearly, the Gobi and Taklamakan deserts
impact the Hanoi site as do several major coal-
fired power stations in eastern China. These
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source sites represent long-range transport of
fine-particle pollution some hundreds and even
thousands of kilometres into Hanoi.
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Life Sciences

ANSTQO's life sciences research utilises nuclear and
Isotopic techniques to probe the fundamental properties
of living matter to gain insights that will benefit
iIndividuals and society.

Our life sciences function operates within
interdisciplinary teams using a range of technology
platforms to investigate intractable biological issues such
as disease prevention and treatment, environment and
climate change.

ANSTO develops radiopharmaceuticals for imaging

and treating diseases such as cancer, Alzheimer's and
Parkinson’s disease and utilises a suite of cutting-edge
Instruments, including the Bragg Institute’s neutron-
scattering instruments which are already used to study
the structure/function relationships in food-based
systems with direct applications to food processing and
human nutrition.

With its life sciences studies, ANSTO has the
Imprimatur to ask the big biological questions and to
provide education and training to improve outcomes and
the public understanding of science.
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Mapping the early inflammation
process that leads to epilepsy in rodents

Paul Callaghan, Stefanie Dedeurwaerdere, Marie Gregoire, Tien Pham and Andrew Katsifis
ANSTO

Imaging of the living brain using Positron Emission Tomography (PET), a non-
invasive, sensitive and quantitative imaging methodology, allows us to investigate
neurobiological mechanisms involved in the onset of the neurological disease.
Our work has focused on investigating the pre-symptomatic neuroinflammatory
processes (called epileptogenesis) that lead development of chronic seizures, In
an animal model of epilepsy. We have used our in-house radiotracer (18F-PBR111)
which is highly specific for receptors expressed in the inflammatory response
within the brain. Performing pre-clinical PET imaging with this radioligand allowed
us to map and quantify neuroinflammation in vivo, and to correlate this with full
in vitro assessment of the neuroinflamation response. The in vivo ligand binding
patterns highly correlate with the structures involved in the generation of seizures,
and these data reflect the in vitro data, illustrating that the PET binding represents
true neuroinflammation. Thus, longitudinal PET studies will be possible in order
to follow-up the evolution of the inflammatory regions during the onset of the
disease, and test new preventive therapies that modulate this disease process.

Why PET in epilepsy research?

A fundamental goal of epilepsy research is to
prevent the development of chronic seizures
through the treatment of the initiating causative
disease process. The use of nuclear medicine
imaging techniques such as Positron Emission
Tomography (PET) may allow detection of
epileptogenesis in patients, after brain injuries
such as stoke or head trauma, to allow
preventative pharmacotherapies to stop or
reduce the severity of epilepsy progression at
the earliest stage of disease.

As shown in Figure 1, the onset of the disease
occurs long before seizure activity is seen
clinically or in animal models. In the human,
this process, known as epileptogenesis, often
occuring years before symptoms presenting [1].

We have used preclinical PET imaging with
our in-house radiotracer, **F-PBR111, to map
the response of the brain’s immune system
(neuroinflammation) to an insult that potentially
leads to epilepsy (epileptogenesis, see Figure
1). This radiotracer has shown high affinity for
the translocator protein in a previous study on
acute brain lesion [2].

In order to check whether the PET images
accurately reflect the neuroinflammation, we
first correlated these results with post-mortem
analysis. If the PET quantification was accurate,

repeated PET imaging would allow us to follow
up the evolution of the brain inflammation in the
same animal during the full epileptogenesis, until
the occurrence of the seizures, and maybe lead
to a very early diagnostic tool. It will be used to
assess the brain response to new preventive
therapies in animal models first, then in clinical
environment.

Our findings

PET imaging with *¥F-PBR111 was performed
seven days after intra-peritoneal administration
of kainic acid (treated rats which will become
epileptic within 1 month, see Figure 1) or saline
(control rats). The PET data of the treated group
showed significant increases in radiotracer
binding compared to the control group in several
brain regions that are intrinsically involved in
epileptogenesis: the amygdala, hippocampus
and thalamus showed increases in receptor
density (see Figure 2). In vitro binding on the
same brains showed significant increases in
translocator-protein density in the same brain
regions including hippocampus, piriform cortex
and basolateral/medial amygdala, in each case
strongly associated with OX42 (indicator of
activated microglial cells) signal. Figure 2 also
shows the spatial correlation between the in
vivo index (Volume of distribution), the in vitro
translocator-protein density and the microglial
activation, thus neuroinflammation.
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Figure 1 - Disease progression in the development of epilepsy. Usually an initial brain insult, such as a head injury, inducing seizure activity, initiates
a range of physiological changes in the brain that can result in a proportion of the population developing chronic spontaneous seizures (known as
epilepsy). These causal alterations in neurobiological processes are known as epileptogenesis, which is characteristically associated with no seizure
activity. However once the brain has entered the epileptic state, only the symptoms of epilepsy can be treated with anti-epileptic drugs. Our goal is to
use molecular imaging with TSPO radiotracers (a biological marker of neuroinflammation) to image this initial epileptogenesis period. Treatment of
epileptogenesis (the efficacy of which can be assessed also with imaging) during this period of the disease offers the potential to be able to prevent the

development of epilepsy in the future.

Our tools: from in vivo animal to
cellular imaging

Our radiotracer has already shown a high affinity
for the translocator protein, which is a receptor that
immune cells of the brain - activated microglia -
significantly over-express in response to brain injury
[1-3]. We have utilised an extensively characterised
animal model of epilepsy, where an initiating brain
injury is induced using the excitotoxin, kainic acid
[3]. Epilepsy symptoms are not seen in this model
until a period of one or more months after this
treatment.

A complex imaging protocol was required
that allowed the assessment of density of
translocator protein and radioligand affinity in the
brain structures of interest. Once anaesthetised,
the rats were injected intravenously with three
different masses of F-PBR111 while in the PET
camera, and imaged for three-hours. Arterial
blood samples were collected during the scan for
quantification of radiotracer pharmacokinetics.
For each rat, a CT scan was performed
just before the PET scan, providing us with
anatomical information. After the scan, each rat
was sacrificed and its brain was kept for post-
mortem confirmation of neuroinflammation .

Co-registration of a neuroanatomical atlas to the
CT image of the animal allowed us to outline 20
different brain structures of interest. By using a
non-linear compartmental model, translocator
-protein density could be calculated in all the
brain structures of interest.

A more global index called Volume of Distribution
(VD), which reflects the binding of the radiotracer
to the receptor, has been derived for each pixel
and parametric maps could be calculated (Figure
2). In vitro analyses of brain sections from the
animals that had been imaged were performed
to determine relative translocator protein density
changes (autoradiography) and assess microglial
activation  (immunohistochemistry)  between
experimental conditions.
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Figure 2 - Correlation of in vivo PET *8F-PBR111 uptake with in vitro biomarkers of neuroinflammation and translocator protein density. Left, in vivo
mapping of the Volume of Distribution is displayed in rainbow color, from blue (lower) to red (higher values) and fused with CT data. The arrows
point at the most significant increases in radiotracer VD in pre-epileptic animals compared to controls. The same brain post mortem analysis, on the
right, also show increases in OX42 immunoreative labelling (neuroinflammation-microglial activation) and translocator-protein (TSPO) receptor density
("#1-CLINDE autoradiography. Abbreviations: KA, Kainic acid treatment group; CA1-3, hippocampal subregions; THAL, thalamus; PIR, piriform cortex;

AMYG, Amygdala
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What I1s happening in the adolescent
brain after exposure to cannabinoids?

Victoria S. Dalton'? and Katerina Zavitsanou'*
"TANSTO and? Schizophrenia Research Institute, Sydney, Australia

Cannabis use in teenagers can result in the development of drug dependence and
has the potential to trigger psychosis and schizophrenia in vulnerable individuals.
Aiming to investigate the age-specific responses in the brain following cannabinoid
exposure, we treated adolescent and adult rats with a synthetic cannabinoid for
14 days. Comparing the levels of the cannabinoid CB1 receptor (the main target
of both synthetically produced cannabinoids as well as marijuana) by using in vitro
autoradiography, we found that adult rats adapted to excess cannabis exposure.
Interestingly, in adolescent rats this adaptation was smaller. The reduced adaptive
response to cannabinoid drug treatment that we observed in adolescent rats may
account in part for the behavioural effects, decreased response to other drugs
and adverse psychological consequences following cannabinoid exposure during

adolescence.

Effects of cannabis use during
adolescence

Cannabis is one of the most widely used street
drugs worldwide by adolescents, but cannabis
use during teenage years is linked to the
development of drug dependence, impairmentsin
memory and thought processing, and psychoses
including schizophrenia in later life. Adolescence
is an important time for brain maturation when
many connections between nerve cells are being
made as well as eliminated and fluctuations are
occurring in levels of brain chemicals. It is likely
that cannabis use, which can alter levels in brain
chemicals and affect the formation of connections
between nerve cells [1], may adversely influence
the developmental processes taking place in the
adolescent brain. Behavioural studies in animal
models show that adolescent and adult rodents
respond differently to cannabinoids in the short
and long term with adolescents showing less
anxiety, more movement and deficiencies in
memory and attention which mirror some aspects
of schizophrenia. Despite these studies though,
few groups have examined the underlying
changes that take place in adolescent brain
chemical systems that drive the different age-
specific behavioural responses to cannabinoid
exposure.

Age-specific difference in response to
cannabinoid exposure

We observed age-specific differences in the
adaptive, compensatory response to long—term
cannabinoid drug treatment in the adolescent
and adult rat brain.

In brain regions involved in movement, memory,
anxiety and drug response, for example,
adolescents showed a smaller adaptive
response than adults (i.e. a smaller reduction
in cannabinoid CB1 receptor number compared
to adults). These age-specific differences may
account in part for the different short term
behavioural responses to cannabinoids seen
in adolescent and adult animals in this study
[2,3,4] and reported by others [5,6]. We also
noted a decreased compensatory response to
treatment in adolescents in brain areas such as
nucleus accumbens and amygdala, which are
important in producing the rewarding effects
or “high” associated with drugs of abuse. This
decreased response may in turn encourage
further drug consumption to achieve the desired
high, may account in part for the decreased
adolescent reaction to other drugs of abuse such
as morphine, cocaine and amphetamine [7] and
perhaps increase the risk of drug dependence in
later life.

In the long term, the lessened compensatory
response in adolescents, in brain regions
important in memory (hippocampus), thought
processing and attention (cortex) may have an
adverse impact on the developmental changes
taking place in various neurochemical systems
in these brain areas during adolescence. The
consequences of disrupting these developmental
changes may include problems in learning,
memory and attention, and the development of
psychosis in later life.
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Methods: Treatment of adolescent
and adult rats with the synthetic
cannabinoid, HU210.

We treated groups of adult [2] and adolescent
[3,4] rats with a potent synthetic cannabinoid,
HU210, which binds to the naturally occurring
cannabinoid receptor in the brain, the CB1
receptor. We examined the effect of HU210
treatment on levels of the CB1 cannabinoid
receptor. Adolescent and adult male rats were
treated daily with low, medium or high doses
of HU210 for 14 days. CB1 receptor numbers
(densities) were investigated in brain regions
that are important in functions such as cognition
(cortex), control of movement (basal ganglia),
drug response (nucleus accumbens) and
memory (hippocampus). A technique called
in vitro autoradiography was used whereby a
radioactively labelled molecule, [*H] CP55,940,
targeted towards the receptor of interest (CB1)
is applied to the brain tissue and binding of the
labelled moleculeisvisualised using photographic
film (Figure 1) and quantified.

HU210 treatment caused a region specific, dose-
dependent decrease in CB1 receptor levels in
the adult and adolescent brains (Figure 1 and
2). In the adult brain, decreases ranged from 35-
90%, with the highest dose of HU210 causing the
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greatest decline in receptor number (Figure 1).
Regions where the largest reductions (78-88%)
in binding took place included the hippocampus
and hypothalamus (Figure 1). Smaller reductions
(51-76%) were seen in the basal ganglia and a
major information integration centre of the brain,
the thalamus (Figure 1).

The compensatory responses (i.e. alterations
in receptor levels) to HU210 treatment were
different however in the adolescent and adult
brain (Figure 2). The treatment caused a dose-
dependent decrease in CB1 receptor levels
which was smaller by up to 28% in adolescents
than in adults (Figure 2).

What is next?

Future studies will focus on the effects of cannabis
in animal models of psychosis (e.g. animals made
vulnerable to develop psychosis like behaviour
due to environmental or genetic manipulations)
using in vitro and in vivo imaging techniques.
This research will provide an insight into the
mechanisms by which cannabis is involved in
triggering psychosis in vulnerable individuals.
Furthering our understanding of these processes
will aid in identifying targets for treatment of both
drug dependence and psychosis.
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FIGURE 1
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Figure 1 - Typical autoradiographs showing CB1 receptor density ([*H] CP55,940 binding) in adult control rats treated with drug vehicle or rats treated
with 25 (low), 50 (medium) or 100 pg/kg (high) doses of HU210 for 14 days. A dose dependent decrease in CB1 receptor density was seen with the
highest dose of HU210 causing the greatest decrease in receptor number. Abbreviations: ACB: nucleus accumbens, BLA: basolateral amygdala, CA1:
CA1 region of the hippocampus, CING: cingulate cortex, CPUL: lateral caudate putamen, CPUM: medial caudate putamen, GP: globus pallidus, HYP:
hypothalamus, RSD: retrospenial cortex, S1BF: primary somatosensory cortex (barrel field), S1FL: primary somatosensory cortex (forelimb field), SNR:
substantia nigra, THAL: thalamus, TU: olfactory tubercle nucleus.

FIGURE 2

Figure 2 - Percentage decrease in cannabinoid CB1 receptor ([°H]
CP55,940) binding density from control levels in adolescent (Adol) and
adult rats after 14 days treatment with the highest dose of HU210, 100 pg/
kg, in cortical regions (A), the basal ganglia (B) and other brain regions
(C). Statistical analysis revealed that all decreases in binding were
significant (P<0.01) except in TU in adult animals. The decrease in CB1
receptor levels was smaller by up to 28% in adolescents than in adults.
See Figure 1 for other abbreviations.
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Improving radiation dosimetry in aviation,
space sciences and high-energy physics

Dale Prokopovich’, Mark Reinhard', Anatoly Rosenfeld?, Iwan Cornelius? and Graeme Taylor®
TANSTO, 2University of Wollongong, Australia, *National Physical Laboratory, UK

Radiation transport simulations were compared with experimental measurements
obtainedatthe High Energy Reference Field facility at CERN (European Organization
for Nuclear Research, Geneva, Switzerland) to provide an improved understanding
of this complex mixed radiation-field used in the calibration and testing of dosimetry
instrumentation. In addition, a performance evaluation of a recently developed
solid-state microdosimeter was completed. Both aspects of this study contribute
to radiation-biology research and improved radiation-protection practises for

commercial aviation, space sciences and high-energy physics.

The CERN - EU (European Union)
High Energy Reference Field facility

In orderto improve radiation protection for air crew
and astronauts we combine radiation transport
simulations and experimental measurements to
further the understanding of the complex mixed
radiation-field at the High Energy Reference Field
(CERF) facility [1]. An improved understanding
of the complex radiation field allows greater
accuracy of dosimetry equipment calibrated at
the facility. In addition, we tested a new solid-state
microdosimeter device developed in Australia for
performing radiation-protection measurements
in unknown mixed radiation fields.

The CEREF facility generates a radiation field with
the characteristics of a cosmic-ray generated
background found in the upper atmosphere.
A neutron-dominated field of similar spectral
characteristics is produced via the interaction of
a high energy 120 GeV/c mixed hadron beam
with a thick copper target and subsequent
transport of the secondary particle production
through thick concrete walls to simulate the
cascade of secondary particles through the upper
atmosphere. CERF is predominantly used in the
calibration of radiation-dosimetry instrumentation
for applications in aviation, space and high-
energy physics and for the evaluation of new
dosimetry instrumentation and measurement
techniques.

The complex environment of CERF was
simulated, using the Monte Carlo-based GEANT4
toolkit [1], to recreate the particle-energy fluence
of the radiation field at different positions of
interest within the facility. Figure l1a-d displays

the various components of the particle-energy
fluence from the mixed-particle radiation field at
the CERF facility irradiation position CS1,
consisting of high-energy particles including
neutron, proton, muon, pion, electron, positron
and gamma-ray components. The mixed-
radiation field is dominated by a broad energy
spectrum of neutrons and similarly gamma
radiation, as shown in Figure 1a. Knowledge of
these two components is well understood. In
particular the dominant neutron component
compared well with data obtained from
simulations [2] using the FLUKA Monte Carlo
transport-code, and from published experimental
Bonner sphere measurements [3].

Of considerable interest is the non-negligible
presence of a charged-particle component not
previously considered relevant to the calculation
of dosimetry calibrations factors employed at
the facility. The current simulations revealed
a significant fluence component of electrons,
positrons (Figure 1b) and protons (Figure 1a) in
addition to other charged particles, pions (Figure
1d) and muons (Figure 1c), at lesser fluence.
Prior to these simulations the charged-particle
component was considered negligible in terms
of the contribution to the measurable dose rate.
These results suggest the importance of including
the charged-particle component into the facility’s
dosimetry calibration factors.
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Microdosimeters

Microdosimetry provides a means to obtain a
radiological hazard assessment of complex
mixed radiation-fields. Conventionally, this
is performed using a Tissue Equivalent
Proportional Counter (TEPC) filled with a tissue
equivalent gas at low pressure (0.4 - 1 kPa).
As an alternative we developed a solid-state
detector using a silicon-on-insulator (SOI)
microdosimeter with the advantages of low
weight, low voltage of operation, low power
consumption and low maintenance, while being
able to monitor a wide range of particles and
energies [4]. The SOl Microdosimeter device
possesses an array of human cell sized (30 x
30 x 10um?) sensitive detection volumes used to
measure the spectrum of lineal energy deposit
events when exposed to the field of interest.
Lineal energy is the ratio of the energy deposited
in a volume of tissue to the average chord length
of that volume (measured in units of keVum?).
Using the regional microdosimetry approach [5]
the lineal energy deposition spectrum, along
with radiobiological data, is used to estimate the
radiological hazard.

Comparison measurements using both a
commercial TEPC (HAWK) and the SOI
Microdosimeter were undertaken at identical
positions within the CERF field. In the case of the
SOl Microdosimeter, data were acquired using
both a bare device and additionally with an over
layer of low-density polyethylene to produce recaoil
protons from the neutron component of the field.
The SOI Microdosimeter spectra were adjusted
using a geometric tissue equivalence scaling
factor for silicon to tissue dose conversion of
{=0.63 [6] and a correction for charge collection
efficiency of 80% at the 10 V operating bias
employed [7].

Suitability of a silicon-on-insulator
microdosimeter

Figure 2 shows a good agreement between the
TEPC and the SOI Microdosimeter
measurements over the full range of lineal
energies. This indicates that the SOI
Microdosimeter is suitable for use in the radiation
environment encountered at the CERF facility
in comparison with conventional TEPC
microdosimetry techniques. The SOl
Microdosimeter response to the CERF radiation
field was also simulated (using GEANTA4) for the
various field components. The experimental
measurement and the simulated response of the
combined radiation field components compare

well for the range of lineal energies covered, as
shown in Figure 3. Using our simulations we can
show that the majority of the contribution for the
mid-range of lineal energies comes from the
charged-particle component of the field. By
comparing the results for the SOI Microdosimeter,
the TEPC and the GEANT4 simulation, it can be
demonstrated that the charged-particle
component contributes significantly to the
microdosimetric spectrum. The contribution of
this charged-particle component was not
recognised in  previous  microdosimetry
measurements.

Conclusions

GEANT4 simulations of CERF have revealed the
non-negligible presence of a charged-particle
component of the radiation field. The accurate
calibration and testing of dosimetry equipment
undertaken at the facility requires that the dose
contributions of the charged-particle component
are properly taken into account.

Testing of a new solid-state microdosimeter
device demonstrated comparable performance
to existing TEPC instruments. The SOI
Microdosimeter is a small, low weight, battery
operable device which does not require a gas
supply and can provide a true on-line
measurement of the microdosimetric properties
of any arbitrary mixed radiation field. It is highly
suited as a portable instrument for radiation
protection applications in high-energy mixed
radiation fields for aviation dosimetry and related
applications in space sciences and high-energy
physics.

A new generation of SOI Microdosimeter
is currently under development (Australian
Research Council grant between University of
Wollongong, University of New South Wales
and ANSTO). This new generation of SOI
Microdosimeter will provide the capability of
online personal dosimetry in radiation-protection
applications such as nuclear reactors, high-
energy accelerators as well as aviation and
space applications. As soon as the development
is completed, the new devices will be tested at
the CERF facility.
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Figure 1 - Simulation of the particle fluence distributions (using the GEANTA4 toolkit) of the radiation field at CERF with respect to energy at one of the

irradiation position (CS1).

a) Neutron, gamma and proton

b) Electron and positron

c) Positive and negative muon

d) Positive and negative pion components.
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Figure 3 - Comparison of the simulated and experimentally measured bare SOI Microdosimeter lineal energy spectra.
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Elucidating the role of the
neurotransmitter dopamine - a further
step in the study of brain diseases

Agata Rekas’, Robert K. Knott', Anna Sokolova’, Kevin J. Barnham?, Keyla PereZ, Colin L.
Masters?, Simon C. Drew?, Roberto Cappai Cyril C. Curtain? and Chi Le Lan Pham?
TANSTO and ?University of Melbourne

A major class of brain diseases called ‘synucleinopathies’, is characterised by the
abnormal deposition of the protein a-synuclein (a-syn) in nerve cells (neurons). The
most important member of this group is Parkinson’s disease where o-synuclein
aggregates are found in dopamine-producing neurons. These dopamine-producing
neurons are gradually lost, eventually leading to the clinically observed inability to
controlmovement. a-Syn in the presence of dopamine forms non-fibrillar oligomers,
a molecule containing the two components, here denoted o-syn:dopamine.

These o-syn:dopamine oligomers have a variety of sizes (shown by electron
microscopy), but there is no information about their supra-molecular structure
and therefore, mode of association. Using small-angle X-ray scattering we
could characterise shapes of a-syn:dopamine oligomers, an important part of
understanding their physiological effects (e.g. neurotoxicity), and thus elucidating
the role of dopamine and oligomeric o-syn in Parkinson's disease, potentially
leading to new preventive and therapeutic strategies.

Why we study o-syn with dopamine

Many neurodegenerative disorders, which include
Alzheimer’s, Parkinson’s, Huntington’s and
Creutzfelt-Jakob diseases, involve misfolding
(abnormal structuring) and aggregation of certain
proteins in the brain. One of such proteins is a-syn
whose normal function in a healthy brain has not
yet been established, however its ability to form
elongated polymers, so-called amyloid fibrils, was
found associated with dementias (e.g. Parkinson’s

disease, dementia with Lewy bodies and multiple-
system atrophy). Despite the presence of fibrillar
material in the affected brain tissue, evidence
suggests that the neurotoxic agents might be
smaller soluble oligomers of a-syn. Dopamine is
aneurotransmitter produced by particular neurons,
whose death is a significant consequence of
Parkinson’s disease. In vitro, a-syn in the presence
of dopamine forms small soluble oligomers which
do not lead to fibrillar structures [1,2].
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What we found

In our study we looked closely at untreated o-syn
and small o-syn.dopamine species: monomer
and trimer. We used small angle X-ray scattering
(SAXS), a technique that gives information on
particle size and shape in solution. While the size
information is directly derived from the SAXS data,
shapes of molecules and their complexes are
obtained by computational modelling [3,4] and
can be validated with other techniques, such as
sedimentation velocity analysis, circular dichroism
spectroscopy, mass spectrometry and electron
Spin resonance spectroscopy.

The size (expressed as ‘radius of gyration’, a
different measure than linear dimensions) of o.-syn
monomer oxidised by dopamine (37 A) was similar
to that of the untreated monomer (36 A) which
coincides with the similarity of shapes shown in
Figure 1A and B.

It was previously known that monomeric a-syn
in solution is unstructured, while amyloid fibrils
contain structural elements called B-sheets. We
found that o-syn:dopamine trimers of ~ 50 A have
more B-sheet and turn structure than monomers. A
partly overlapping lateral (rather than end-to-end)
arrangement of o-syn chains in the o-syn:dopamine
trimer can be inferred from the size and a higher
degree of structuring. Figure 2A shows the possible
arrangements. Both monomers and trimers have
elongated ‘worm-like’ shapes, as illustrated in
Figure 1, which are however more diverse for
trimers than monomers. It is possible that the
trimers represent a mixture of species with different
modes of assembly, see Figure 1C.

Higher-mass oligomers of o-syn:dopamine
progressively increased in size to 105 A for a 26-
mer. And as their size increased, these species
became more globular in shape, which is consistent
with their images under electrone microscope [1].

References

Conclusions and outlook

In vitro, a-syn in the presence of dopamine forms
soluble oligomers which do not lead to fibrillar
structures and understanding this process is
relevant for developing therapeutic and diagnostic
strategies for Parkinson’s disease [5]. Our
experiments provide further insight into the role of
neurotransmitter dopamine in the development of
Parkinson’s disease and other synucleinopathies
and mechanisms of oa-syn toxicity to brain cells.
Dopamine and/or its products (melanin) oxidize
methionine residues in monomeric o-syn, which
with time associates to form o-syn:dopamine
oligomeric species. Our data indicate that in
oligomers, o-syn is bound to polymeric dopamine
(melanin) with four of its methionine residues
oxidised.

On the basis of these and earlier data, we propose
an oxidation-based mechanism of prevention of
fibrillation by dopamine. Methionine oxidation
in o-syn causes structural changes (including
increased propensity for B-sheet formation)
which allow cross-linking between chains and
stabilization of the resulting oligomer by dopamine/
melanin (Figure 2B), also formed as a result of a
redox process. Despite these structural changes
of a-syn chains in small oligomers, their partly
overlapping lateral arrangement can prevent them
from directly parallel association into (also B-sheet-
structured) amyloid fibrils. In this way, dopamine
may be responsible for toxic effects in Parkinson’s
disease brain. However, from the SAXS models,
it is unclear which parts of oa-syn interact with
dopamine. Small angle neutron scattering (SANS)
can distinguish between deuterated and non-
deuterated molecules. Thus, our next step will be
to use deuterated dopamine in a SANS experiment
on instrument Quokka at ANSTO in order to find its
binding site on o-syn.
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FIGURE 1
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Figure 1 - SAXS shape models of (A), untreated o-syn, (B) dopamine-treated c-syn monomer and (C), o-syn:dopamine trimer Each model represents an
equal probability solution.
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FIGURE 2
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Figure 2 - Proposed interactions of a-syn monomers within a trimer. (A) Possible arrangement of c-syn monomers within SAXS model of o-syn:DA trimer;
(B) Potential melanin interaction with the N-terminal region of a-syn.
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Developing novel and healthy food via

Elliot Gilbert', Catherine Kealley’, Amparo Lopez-Rubio®, Anna Sokolova', Jaroslav Blazek'

and Jitendra Mata'

TANSTO, ?University of Technology, Sydney, Australia and *Novel Materials and

Nanotechnology Laboratory, Valencia, Spain

The understanding of complex food structures is essential in providing new
insights into diet-related diseases and the development of novel foods. Our
work focuses on proteins and carbohydrates looking not only at the structural
components but also at the dynamics using neutron and X-ray scattering [1].
Demonstrating the capabilities of these techniques, we have recently established
a food consortium collaborating with other research institutes and major food
companies to investigate a range of food proteins.

Governments around the world are concerned
about the spiralling cost of healthcare. In the
US, life expectancy is anticipated to decline for
the first time, partly due to diet-related diseases
such as type-ll diabetes. Consumers, too, are
becoming increasingly aware of the importance
of what they eat and are demanding new
products with enhanced nutritional or disease-
preventing components. However, changing the
composition of the product inevitably leads to a
change in the physicochemical properties, which
can significantly alter its processing properties,
as well as texture and flavour. To develop new
food formulations therefore requires a better
understanding of how structure at the meso-
and nano-scale affects these characteristics. In
addition, techniques that cover a broad range of
timescales are also necessary to describe food
structure from milliseconds to hours (processing)
and minutes to months (product stability).

Until relatively recently, structure in foods
was considered too complex to be studied
with X-ray and neutron scattering techniques.
However, with the availability of more intense
sources, and advanced instrumentation and
computer methods, food-based problems can
now be properly addressed. In addition, for
neutron scattering, when combined with so-
called contrast-variation methods that rely on
the sensitivity to the isotopic composition of
the material under study, different structural
components may be readily distinguished.
Neutrons are also capable of penetrating
complex sample environments - which opens
up the opportunity to study industrially relevant
processes in real time. Recently, we have used
neutron and X-ray scattering to study structures
and dynamics in two important food groups -
proteins and carbohydrates [2-4].
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Proteins as dried ingredients

Proteins are often incorporated in foods in a
dried form. However when re-hydrated, they do
not have the same properties as the hydrated
protein in its native folded state. The absorption
of water may be a relatively slow process due
to the formation of a metastable glassy state,
during which conformational changes happen
only very slowly. Such characteristic structures
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significantly. Using neutrons, and deuterated
water to improve the scattering contrast, it was
possible to demonstrate that hydration causes
the peaks to shift to a lower angle, indicating that
the intermolecular distances in the structure had
expanded (Figure 2). More recently, we employed
quasi-elastic neutron scattering methods to
follow the moisture-dependent dynamics of
the structure and related this behaviour to the

FIGURE 1

Figure 1 - Structure of the soy protein, glycinin, determined from the Protein Data Bank entry 10d5. The right panel shows the left view rotated by 90
degrees around the Y-axis. Glycinin is a heterogeneous protein with a polymorphic subunit composition, which varies among different cultivars. Five
major subunits have been characterized, namely, A1aB2, A1bB1b, A2B1a, A3B4, and A5SA4B3. Note that the structure displayed is for the glycinin A3B4

subunit from a soybean mutant line associates into the homohexamer for which all constituent sub-units are identical.

govern the material properties of the protein and
impact on their potential to be processed, in an
extruder for example. Through understanding
how water impacts on the material properties, the
food industry will be able to predict the behaviour
of the protein, thus improving the quality of the
product and shelf life leading to reduced waste.

To probe these changes, we studied the protein-
water interaction in dried glycinin - a protein
extracted from soybean and used as a gelling,
emulsifying and foaming agent [3-4] (Figure 1).
At low levels of hydration, small angle X-ray
scattering identified the presence of Bragg
peaks associated with the presence of some
degree of long-range order in the protein. With
increasing moisture content, the intensity and
resolution of the scattering peaks decreases

macroscopic glass transition behaviour. Using
pure proteins as model systems provides
the basis for the study of protein mixtures
and the influence of additives. Since proteins
as ingredients are subject to storage under
varying humidity and environmental conditions,
the results from these studies will assist food
manufacturers in developing new formulations
with predictable behaviour. Indeed, this work, in
collaboration with CSIRO Food and Nutritional
Sciences and The University of Queensland,
has resulted in sufficient interest from several
major food companies that are providing funding
to investigate a range of other food proteins.



FIGURE 2

E
7

= = MC =4.63%
= MC=6.2%
- MC=92%
= = MC=11.4%
=== MC = 13.4%
MC =17.1%

== 3.3% MC 100% D,0O
== 21.0% MC 100% D,0

P

Intensity (a.u.)
W e $ 1

.z

'of.l'

Figure 2 - Small-angle X-ray scattering data from glycinin powder with increasing moisture content. Data collected using small-angle neutron scattering
is shown in the inset and for which moisture has been introduced in the form of heavy water instead of light water [3]. The use of such substitution for
the SANS experiments enables improved contrast at the higher moisture contents and lowers the contribution from incoherent background scattering.
Note the greater clarity in the diffraction peaks at high moisture content.

Combating Disease cooling. We have investigated the structure
of starch as a function of amylose content,
processing conditions and in-vitro digestion time,
with the aim of understanding how RS levels
can be enhanced in processed food. Combined
X-ray and neutron scattering revealed regions of
crystalline material in an amorphous matrix, and
allowed us to determine the physical density of
the RS fraction (see Figure 2). This provides a
unique insight into this extremely important food
ingredient.

Resistant Starch (RS) is a fraction of starch that
is not digested in the small intestine of healthy
individuals and arrives to the colon where it is
fermented into short-chain fatty acids. The latter
molecules are beneficial for the correctfunctioning
of the bowel and implicated in disease prevention
including colorectal cancer. Furthermore, because
its breakdown into glucose is slow, RS has a role
to play in combating obesity and type Il diabetes.
RS in processed food is believed to be formed
by one of the constituents of starch, amylose,
which forms digestion-resistant crystallites on
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Materials

ANSTQO's state-of-the-art neutron-beam instruments are
unlocking the secrets of our modern world’'s complex
materials.

ANSTO scientists use computer modelling to link the

output of neutron-scattering experiments to real models,

giving a visual representation of ‘where atoms are and
how they move'.

Among other things, our materials research seeks to
gain a better understanding of materials and their life
expectancy in order to design new advanced materials
which are lighter, stronger and longer lasting under
extreme conditions. These discoveries have applications
within a diverse range of industries such as aviation and
manufacturing.
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A new understanding of materials that

shrink on heating

Vanessa K. Peterson’, Gordon J. Kearley', Cameron J. Kepert, Yue WiZ, Anibal Javier

Ramirez-Cuesta® and Ewout Kemner

TANSTO, *University of Sydney, °ISIS, UK, *“Helmholtz Zentrum Berlin, Germany

We study the structure and dynamics of a metal organic framework compound
using neutron scattering and modelling methods in order to understand why this
material shrinks when it is heated. Porous metal organic frameworks are being
increasingly studied for applications in gas-storage, (including H, and CO, for
environmental applications), catalysis, and gas-separations. The diverse guest-
host chemistry supported by these materials arises, in part, due to their flexibility.
This flexibility leads to interesting and novel expansion properties, and as is
increasingly found, to negative thermal expansion. We find a new mechanism
In one material in which molecular groups twist locally, rather than collectively,
offering a new way of achieving negative-thermal expansion.

What is negative thermal expansion
(NTE)?

The fact that some materials reduce in size when
heated seems to be rather bizarre, but this is not
as counter-intuitive as it may first appear. Water
expands on freezing, as does bismuth (and
some of its alloys). The phenomenon is known
to occur through a number of mechanisms that
include electronic and magnetic transitions [1]
and transverse atomic and molecular vibration
[2,3].

Among the vibrational systems, there are
materials which contain M-O-M’ bridges (M
represents a metal atom and O is oxygen) that
undergo transverse vibration to cause contraction
of the M-M’ distance [3]. A simple analogy for this
is a skipping rope held by two people that when
turned quickly pulls-in on both ends. Another

material is a diverse family of metal cyanides [4],
which contain M-C-N-M’ bridges that show an
analogous effect but with increased vibrational
flexibility. The mechanism proposed for these
systems involves the coupling of transverse
vibrations into concerted low-energy lattice
modes arising from the rotation and/or translation
of undistorted metal-coordination polyhedra,
known as rigid unit modes [5]. On heating, these
modes thermally populate and counteract higher-
energy longitudinal modes that cause bond-
length expansion and lead to bulk NTE.

NTE is a useful characteristic in a material, and
may find applications such as devices that require
precision engineering. If we want to optimise
smart materials to further reduce their volume
on heating or to remain unchanged, we need to
understand the NTE mechanisms before these
systems can be designed for specific purposes.
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FIGURE 1

Figure 1 - Cu,(btc),. Cuis green, O'is red, and C is grey.

Metal Organic Framework
Compounds (MOFs)

MOFs are composed of a regular lattice of metal
atoms that are held apart by rather larger organic
molecules (such as a functionalised benzene),
which causes them to have large pores and
structural flexibility. MOFs are interesting not
only for storing molecules, such as hydrogen
which can be used as an energy carrier, or CO,
to remove this from the atmosphere, but also for
NTE. Our interest has been in Cu,btc, [6] which
is comprised of a cubic three dimensional (3D)
framework of Cu,(carboxylate), ‘paddlewheel
units bridged by btc (benzene1,3,5-tricarboxylate)
(Fig. 1). The framework’s topology (a Pt,O,-net)
makes it impossible to maintain a perpendicular
arrangement of the paddlewheel units and
perfectly flat (planar) btc. This causes the
material to be geometrically strained, and is a
driving force for NTE.

Determining the NTE mechanism

This is a complex system requiring a number
of techniques to elucidate the mechanism of
NTE. Firstly, we used neutron diffraction on
the instrument Echidna at ANSTO to see how
the atomic arrangements are modified as the
temperature is changed (Fig. 2). Further analysis
of the diffraction data enabled determination
of the overall amplitude of thermal motion of
each atom as a function of temperature. Taken
together, these revealed regions of the structure

where temperature changes are important. Of
particular interest are the paddlewheel units.
Using neutron spectroscopy we can measure
the frequencies of the thermal motions of the
atoms, and by combining this with the structural
information and modelling we can “see” how the
atoms are moving around at any temperature
(data were collected using the instrument
TOSCA at ISIS, UK and the instrument NEAT at
HZB, Germany). From this we were able to work
out which motions lead to the NTE. This resulted
in a consistent picture in which a twisting of the
paddlewheel is a particularly easy (or soft) motion,
partly because of the nature of the bonding to
the copper dimer, but also because this motion
tends to relieve the geometric frustration of the
lattice (see inset, Fig. 2). This twist causes a
reduction in the distance between copper dimers
and as the amplitude of the twist increases with
temperature so the lattice contracts.

Our inelastic neutron-scattering data indicate that
the dynamic paddlewheel distortion is localised.
Hence, the NTE in Cu,(btc), is achieved through
a mechanism that is novel for two reasons -
most notably, through contributions from local
vibrations rather than concerted modes, and
secondly, through transverse vibrations of three-
connecting (btc) rather than two-connecting
ligands.
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Figure 2 - Temperature dependence of the Cu,(btc), lattice parameter. Inset shows the dynamic paddlewheel distortion (undistorted = left, distorted =
right) which results in NTE and the associated changes in bonding which makes the distortion low energy.

Next steps Our previous characterisation of the vibrational
modes that arise from motions of the paddlewheel
is crucial in now determining how these change
through chemical modification. Consequently,
we can use neutron spectroscopy and molecular
modelling to correlate the mechanism of NTE with
the structure and degree of NTE as determined
using neutron and X-ray diffraction.

Having elucidated the NTE mechanism we are
now investigating methods by which the distortion
(twisting) of the paddlewheel can be reduced
further in energy, through chemical modification
that delocalises further the bonding in the unit.
This is achievable through coordination of a wide
range of molecular units to the coordinatively
unsaturated copper atoms of the paddlewheel.
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Understanding piezoelectric materials
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Studying the mechanisms of piezoelectric materials requires instrumentation
that can provide short real-time measurements. \WWombat, the high-intensity
powder diffractometer at the OPAL reactor, is capable of performing high-speed
stroboscopic measurements down to the sub-millisecond time scale. This
capability has been used to measure the real-time response of piezoelectric

materials to cyclic electric fields.

Piezoelectric materials

Piezoelectrics are materials whose electrical and
mechanical properties are deeply intertwined.
Putting an electric field across a piezoelectric
causes it to change shape, which makes it useful
as an actuator material. Conversely, the materials
are also used as mechanical sensors: putting the
material under strain causes it to generate an
electric field. They have a wide range of uses in
society - from pacemakers to hydrophones.

Ideally, in order to study the piezoelectric
response in realistic conditions, the material
structure should be measured in real time as
it is subjected to a cyclic electrical load. What
is required is an instrument that can measure
rapid, real-time structural change in materials.
The OPAL reactor has such an instrument: the
Wombat high-speed neutron diffractometer.
Wombat's speed comes from a combination
of the high neutron flux from the OPAL reactor
and guide system and the rapid data-acquisition
capabilities of the instrument [1].

Despite their ubiquity, there is a lot still to be
learned about piezoelectrics and the precise
nature of the electromechanical coupling. The
overarching scientific question is: what are the
details of the structural changes happening to the
material as an electric field is applied, and how

does that relate to performance? Understanding
this dynamic behaviour isimportant for developing
applications and for understanding the subtleties
in the physics of their behaviour.

The sample under investigation

Measurements were performed on a particular
commercial PZT material called EC-65 (ITT
Corporation). Commercial piezoelectrics such
as PZTs are polycrystalline materials; on a
microscopic scale they consist of a myriad of
tiny crystals or domains, oriented in different
directions. When an electric field is placed across
the material, the individual grains are “stretched”
by the field. This strain is the piezoelectric effect
that is the basis of the material's usefulness.

The grains are stretched by different amounts
depending on their orientations. As a result, this
causes a build-up of internal strain between the
grains within the material and atoms will “switch”
between different domains to relieve that strain
(Figure 1). However, as time goes on and the
material is cycled, the domains become more
fixed. This loss of mobility is a key cause of
fatigue damage in these materials.
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The Experiment

Wombat measures the piezoelectric response
using a stroboscopic technique. The instrument
can measure an individual event down to the
microsecond level, but even on Wombat, for
a rapidly oscillating system there may not be
enough neutrons measured within one cycle to
obtain meaningful information. By synchronising
the detector to the electrical cycling equipment,
we can measure over multiple cycles and combine
them to obtain statistically useful results (Figure
2). This process is rapid, and a full measurement
can usually be performed in minutes.

In a Wombat experiment, a beam of neutrons is
directed at the sample, and some of the beam is
diffracted at a number of different angles which
relate to the spacing between different atomic
planes in the materials. If a piezoelectric material
is deformed by an electric field, the change in
position of the atoms can cause shifts in the
diffraction peaks or changes in their intensity.
Different peaks are sensitive to the strain and
domain switching components by different
amounts. Wombat’'s large 120° area detector,
measuring multiple diffraction peaks, can observe
both of these characteristics simultaneously.

We performed two types of measurements on
the samples: firstly, the response of the sample
to a static electric field; then time-resolved
stroboscopic measurements over a range of
frequencies and electric fields.
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Results and Future Work

Our measurements, performed with electric
fields cycling over a range of field strengths
and frequencies between 1 and 500 Hz, one of
which is shown in Figure 3. This measurement
was performed at 100 Hz for a field of +/-0.4 kV/
mm. An important detail here is that the field is
sub-coercive, less than the 0.5kV/mm threshold
required to induce irreversible changes in the
sample. This use of real-time neutron diffraction
to measure sub-coercive domain switching was
pioneered at ANSTO [2].

There is a strong dependence of domain
switching with field strength, however there is no
variation in the domain switching with frequency.
This was unexpected by the investigators
because their property measurements indicate
both field-amplitude and frequency dependence.
Further experiments are underway to determine
the cause of this discrepancy. In particular,
the diffraction measurements show that the
domain switching is fast; there is no evidence of
relaxation behaviour down to the ~10us resolution
of Wombat.

This work was the first post-commissioning user
experiment using the stroboscopic technique
to be performed on Wombat and is also the
first to be published [3]. It is the first step in
an ongoing programme which will continue to
correlate the structure response (measured with
Wombat) with other property measurements
such as permittivity. In the future, the work will
be expanded to look explicitly at fatiguing effects
and also at characterising new classes of lead-
free piezoelectric materials.
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Figure 1 - Applying an electric field to a piezoelectric material
causes it to respond on the atomic scale (atomic positions are
shifted and the unit cell is strained) and the nano scale (clusters of
atoms, or domains, change shape or orientation).
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Figure 2 - Schematic of the experiment. An electric field (red arrow)
is applied to the sample. Incoming neutrons are diffracted in to the
detector (represented by the 120°arc). The detector is synchronised
to the pulser applying the electric field.

FIGURE 3

Figure 3 - The time-resolved response of commercial piezoelectric ceramic EC-65 to a bipolar, square wave electric field of amplitude 0.4 kV/
mm. The positive and negative portions of the waveforms are indicated. The shift of the (111) peak (left) shows the induced strain and the shift in
intensities between the two {200} peaks (right) shows the domain switching.
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Observation of soft phonon modes in

superionic copper selenide

Sergey A. Danilkin, Mohana Yethiraj and Gordon J. Kearley

ANSTO

In the first experimental data obtained with the new triple-axis spectrometer
TAIPAN at the OPAL reactor, we measured a superionic conductor. Superionic
conductors are superior in conductivity and therefore sought after in a number of
technological applications. Our measurements on copper selenide contribute to
the understanding of the structure and mechanism of superionic conductors.

Superionic conductors, particularly
copper selenide

Superionic conductors are materials that exhibit
very high conductivity. Because of this, they
have a wide range of technological applications
such as solid-state capacitors (which can have
2-3 orders of magnitude higher capacitance than
a conventional equivalent at the same working
voltage), fuel cells, batteries and more. Their high
power density or ability to store and release large
amounts of energy in a short time has already
led to their consideration in regenerative braking
applications for hybrid vehicles, for instance.
However, they are not completely understood
and display very interesting physics.

Copper selenide is a mixed ionic-electronic
conductor which received attention specifically
due to its high ionic conductivity. In Cu, Se,
at room temperature the superionic a-phase
exists in the concentration range & = 0.15 to
0.25 [1]. The characteristic features of copper
selenide are the ordering of Cu atoms in the low-
temperature phase and a random distribution of
Cu over interstitial sites in the high-temperature
superionic phase. Lattice dynamics of Cu, ;Se are
similar to other Cu and Ag fast ionic conductors
showing the presence of low-energy excitations.
The importance of low-lying modes that make
most of the contribution to thermal motion, due to
high density of states and low activation energy,
is widely recognised.

What measuring phonons tells us
about the material

Phonons measure the characteristic way in which
copper and selenium atoms move within the
material - this determines, among other things,
how stiff the material is and how fast sound travels
in it. (Hint: stiffer materials have higher sound
velocity.) Phonons were so named because
they form the waves that propagate sound (from
the Greek: phonos for sound). When a phonon
“softens”, it means that there is something along
the arrangement of atoms in that particular
direction that makes the crystal somewhat less
stiff. Acoustic modes go through E = 7iw = 0 at
phonon wave vector g = 0, the slope is linear at
low g. The slope of the dispersion curve at low-q
(where it is linear) represents sound velocity for
that mode of propagation.

Collectively, the property of the phonons is called
“lattice dynamics” and describes how the lattice
moves! The lattice sites of superionic conductors
generally are not fully occupied, as is the case for
copper sites in the material Cu, ;Se; the vacancies
form conduits for ionic hopping behaviour, which
makes the superionic characteristics possible.
The structure although solid, has liquid-like
characteristics where the diffusion is considered.
Hence, studies of the lattice dynamics and the
phonon dispersion relations in these materials
should give a wealth of information about the
mechanism related to superionic behaviour.
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The measured data and interpretation
using models

Measurements of phonon dispersion curves
were performed on a single-crystal sample of
Cu, ;Se which has the structure of the superionic
a-phase at room temperature. The inelastic
neutron scattering data were obtained with
the TAIPAN thermal triple-axis spectrometer
[2]. For phonon wave-vectors g/q, = 0.5, all
measured phonon branches had a pronounced
broadening. These data cover a wider g-range
and were measured with higher accuracy, and
we found that the transverse acoustic phonons
TA, [110], TA [100] and TA [111] demonstrate a
decrease in frequency at g/q, = 0.5 rather than
the flattening seen previously [3]. The transverse
acoustic [111] branch shows a considerably
greater decrease for g/q 2 0.25 than the other
TA phonon branches (Figure 1). In contrast, the
g-dependence of frequency of TA, [110] phonons
and longitudinal modes shows almost linear
behaviour (Figure 2).

Much of the time, it is difficult to interpret the
phonon measurements directly. Hence, it is
useful to calculate some models and see whether
the model fits the data reasonably well. Naturally,
the “best” model resembles the data the most
and then can be used to make a meaningful
interpretation of the observations.

Experimental phonon dispersion curves were
compared with calculations performed in the
frame of density-functional theoretical approach
[4]. The most remarkable features of calculated
acoustic modes are the low frequencies and the
instability over a large area of reciprocal space.
In agreement with experiment TA [111] phonon
mode show instability and go to negative values
at g/q, 20.3 — 0.4 (Figure 1). Similar behaviour
demonstrate calculated acoustic TA [100], TA,
[110] and LA [110] modes. This indicates that
the stoichiometric compound is dynamically
unstable and antifluorite structure is not the true
low-temperature one. The instability of acoustic
modes is directly related to the order—disorder
transformations observed in copper-selenide
followed by o-phase transition at a lower
temperature [1].
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Previously, in neutron-diffraction experiments,
we observed the superstructure reflections in
non-stoichiometric Cu, Se single crystal at
ambient temperature [5]. The intensity of the
superstructural reflection is quite large in [111]
direction (saturated area at 7w = 0, g/q, = 0.5
in Figure 1) and comparable with the (222)
Bragg peak at 7o = 0, ¢/g,, = 0. The appearance
of strong reflections at the edge of the Brillouin
zone (BZ) can cause effects similar to the folding
of the BZ. Indeed, TA phonon branch in [111]
direction has clear tendency to soften (Figure
1) and the boundary of BZ can be considered
as a new BZ centre, although phonon intensities
at “new” (2.5 2.5 1.5) BZ center are weak.
Wakamura suggested that the low-energy mode
in B-Agl originates from the zone-edge acoustic
phonons in y-Agl because of folding of BZ [6].
However, the important difference in the case
of the Cu, ,Se compound is that the ordering
process and folding of the BZ are driven by a
soft mode.

Next experiments

In the next experiments at TAIPAN we will
investigate the almost stoichiometric compound
Cu, ,Se just below and above their superionic
phase transition. We already know that quasielastic
broadening changes dramatically during the phase
transitions reflecting enhancement of Cu diffusion
in the superionic phase. Dispersion curves should
tell us more about the interatomic correlation and
the mechanism of ionic transport.
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Figure 1 - Transverse acoustic [111] phonons. Surface plot of inelastic scattering intensity in Cu, ,Se determined from a series of constant-Q scans along
direction [2+q, 2+q, 2-q]. Dots correspond to fitted positions on phonon peaks in individual scans. Line shows calculated dispersion curve.
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Figure 2 - Longitudinal acoustic [111] phonons. Surface plot of inelastic scattering intensity in Cu, Se determined from a series of constant-E scans
along direction [1+q, 1+q, 1+q].
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Analysis of neutron-scattering data using

atomistic modelling methods

Gordon J. Kearley and Maxim Avdeev
ANSTO

In many cases the scientific value of neutron-scattering data can be increased
considerably by using atomistic or molecular modelling methods as an aid to
understanding the experimental data. We give examples of how modelling helps
to choose between ambiguous analyses, provide starting models for analytical
methods and give understanding of how the structure and dynamics of a material

relate to its function.

Experimental data collected at major facilities
such as ANSTO are raw material that is used
to build scientific understanding. The bridge
between the data and understanding may be
simply a case of fitting the various pieces of
information together, but modern materials are
complex and, in the same way that the picture
helps solve a jig-saw puzzle, modelling can
help enormously in putting the pieces together
correctly. Therefore scientists and computers link
the output of neutron-scattering experiments to
real models that allow “where atoms are and how
they move” to be visualised. Computing clusters
with robust software offer the opportunity to
not only treat the data, but also to calculate the
atomistic model of the structure (or dynamics)
and compare it with the experimental data. For
neutron scattering, the critical part is linking these
atomistic-modelling packages with the calculation
of the corresponding neutron-scattering signal.

Over the past couple of years we have been
developing the expertise and resources that
are needed to analyse experimental neutron-
scattering data by use of atomistic modelling.
Comparison of experimental data with results
from modelling can now be a required part of the
analysis. A significant part of neutron-scattering
data collected at OPAL has been and continues
to be analysed using our modelling facilities.

A complete list of modelling capability is given at
the end of this report and some recent examples
showing modelling of “where atoms are and how
they move” are given below.
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Modelling for neutron diffraction -
“where atoms are”

For example, fast-ion conductors that are used
in fuel cells require that atoms are in a regular
grid, but with spaces, or vacancies that allow the
atoms to move. This is analogous to the game
where letters are moved around in a square grid to
make words — which would be impossible if there
were no space. The problem in more complex
systems is to find where the spaces are so that we
can understand the conduction process. Clearly,
there is a huge number of possibilities but which
is right? Our measured data can give us some
important clues in this, but it's like the jig-saw
without the picture — too hard to solve when it
gets beyond a certain complexity. Modelling helps
here because the real answer is the arrangement
with the lowest energy (mountains crumble to the
sea). We can calculate the energy of all possible
arrangements, but in a complex system there
may be many arrangements with similar energy.
Think of these arrangements as the pictures and
the best answer is obviously where the picture
that makes sense with the pieces so that the jig-
saw puzzle can be solved.

A good example of an essential role atomistic
modelling can play in understanding structure
and behaviour of materials is a study of Ba,Nb,O,
which we recently carried out using OPAL, ISIS
(UK), FRM-II (Germany) facilities and the ANSTO
computing cluster. The composition with such a
deceptively simple chemical formula was first

Figure 1 - Crystal structure of Ba,;Nb,O

135

groups. High proton conductivity is mediated by dynamically disordered [NbO,] tetrahedra.

prepared in the early 1970s. However, its crystal
structure and hence the physical properties were
never fully understood despite a substantial effort
of several groups over the years. We initially used
a variety of experimental techniques to study
the material (X-ray and neutron powder and
single crystal diffraction, thermal analysis, ionic
conductivity measurements) gradually helped
us realise that the material contains significant
amount of hydrogen and is in fact a hydrate
better described by a formula Ba,Nb,O,, *nH,O.
While the basic blocks of the crystal structure
(Nb,O, dimers) were quickly revealed from the
diffraction data the details of arrangement of
extra oxygen atoms and protons were still difficult
to determine, as the material proved to be both
oxygen and proton conducting having highly
disordered and mobile oxygen/proton sublattices.
Semi-empirical modelling of the crystal structure
using force-fields did not produce any meaningful
results as the structure apparently contains both
covalent and ionic bonds that is a difficult task
for the classical force-field approach. Finally,
structure optimisation using DFT (density-
functional theory) framework (Vienna Ab-Initio
Simulation Package, VASP code at ANSTO)
revealed that protons exist in the structure as
hydroxyl OH groups (Fig. 1). Furthermore, the
following ab initio molecular dynamics study
suggested the mechanism of proton conductivity
when proton is transferred by hopping between
pairs of cooperatively rotating tetrahedra [1].

*1/3H,0 from DFT optimisation assisted diffraction analysis. Black spheres represent protons in hydroxyl

FIGURE 1



Modelling for neutron spectroscopy-
“how atoms move”

We also use modelling to understand why a
material performs well or badly in its desired
application so that we can improve it. This usually
involves understanding not only where the atoms
are, but also how they move due to the effects
of temperature. The way in which neutrons are
scattered by atomic nuclei is extremely well
characterised, which makes it straightforward to
calculate the expected neutron spectrum for any
dynamical model, providing a very convenient
link between atomistic models and experimental
neutron-scattering data. Other articles in this
report [2-5] show how this modelling (VASP)
allows the observed spectral peaks to be assigned
to particular atomic motions which then allow us
to understand the origin of properties such as
negative thermal expansion [2] and super-ionic
conductivity [3]. Molecular dynamics of organic
photovoltaic materials have an important effect
on charge transport and have previously been
studied by neutron scattering [4].

Figure 2 - Light excites a molecule within the column which allows positive and negative charges to form and separate. These then travel along the column
passing between the molecular orbitals (shown only for the disc cores). Thermal motion (previously measured by neutron scattering) disturbs the overlap

of orhitals on different disc hindering transport of charge.

In these systems light excites one of the
molecules as shown in Figure 2 which allows
an electron to be separated from the molecules,
passed along the column and then extracted at
an electrode to provide electrical energy. One of
the difficulties is that thermal motion causes the
molecules (discs) to move around which hinders
passing the electron up the column. Neutron
experiments and modelling have characterised
the motions of the disks [4] and we are now
working with the Technical University of Delft, The
Netherlands, and the Institute Laue-Langevin,
France, to understand how these motions affect
the transfer of charge. The disc-like molecules
must have radial-branches, or tails attached to
them which were always thought to play a purely
structural role, causing the discs to stick together
in columns. Modelling has recently shown not
only the importance of disc-dynamics, but also
that a significant part of the charge is actually
passed via the tails [5].

FIGURE 2
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Current modelling capability for
neutron scattering analysis and
physical property prediction.

The following is a fairly complete list of the
modelling expertise that we now have available
for neutron scattering analysis:

1. Verifying crystal structures again first-
principles energy calculations.

2. Deriving and energetically reasonable
starting models for structure refinement.

3. Choosing between different disordered
structures.

4. Structure of glasses and amorphous
systems.

5. Spin-density distributions.

6. Electron density distribution.

7. Lattice dynamics for temperature factors and
inelastic scattering.

8. Molecular dynamics for temperature factors,
thermal expansion and inelastic scattering.

9. Band structure and density of states.

10. Elastic, dielectric  and  piezoelectric
constants.

11. Optical properties (UV spectra, polarisability,
reflectivity and refractive index).
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Radiation damage and disorder of materials
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Meng Jun Qin, Eugenia Kuo, Robert Aughterson and Joel Davis

ANSTO

The study of radiation damage is not only essential for the development of new
materials used in reactor design, but also for designing new waste forms. In
the following, we highlight our study of titanium dioxide, a model system with
different polymorphs at room temperature. This allows the change in structure
with no change in composition, to be studied and better understood, and then
used to understand the effects on structure on radiation.

Why we study radiation damage

The effects of radiation damage on materials are
vital factors in both designing new waste forms, and
new materials for use in future reactor designs, e.g.
GenlV (Generation IV reactor designs incorporate
advanced materials for cladding and structural
components) and fusion. For any material to be
used in future design, its ability to withstand high
levels of radiation must be understood, and if
possible predictable. As part of this process we
study damage in materials using both experimental
and molecular-dynamics simulation techniques,
enhancing predictive capabilities. As models they
can be applied to future waste forms and reactor
materials, thus increasing the usability of a material
over long periods of time.

Three Polymorphs of TiO,

In this study we focused on anatase, rutile and
brookite, the three commonly found structures
of TiO,. Polymorphs are formed under different
conditions and have different structure, but they do
not change chemically. Rutile is more stable than
anatase, whereas brookite is difficult to assess as
it is formed under high pressure and temperature
in nature. Due to its simplicity, TiO, is a model
compound that allows the change in structure,
without a change in composition to be investigated,
and linked with recovery from radiation damage.
The samples were irradiated, using the in situ ion
irradiation facility at the Argonne National Laboratory
(IVEM-TANDEM), at different temperatures
providing a means by which the recovery from
damage can be correlated with temperature and
the kinetics for recovery determined, see Figure
1. The results can then be used to calculate the
activation energy for recovery that can be used in
predictive studies.

When any material is irradiated the fluence
required to amorphise the material is defined as the
critical fluence (Fc). When irradiated at increasing
temperatures, a temperature is reached whereby it
is not possible to amorphise the material, i.e. the
recovery process is quicker than the damaging

process. This is called the critical temperature (Tc)
and is obtained by analysis of the critical fluences
at different temperatures. The lower the critical
temperature the more rapid the recrystallisation
is and thus the more stable to damage, a high Tc
indicates a material which is easily amorphisable,
and therefore unlikely to be used in reactors.

Our findings after irradiation

The studies showed that each of the structures
behaves differently, for example synthetic rutile
at 50 K was impossible to amorphise (indicating
a Tc lower than 50 K), while a natural rutile (with
impurities) was amorphisable with difficulty, whereas
anatase and brookite were significantly easier. The
structures of rutile, anatase and brookite are based
on TiO, octahedra, in different arrangements, e.g.
rutle has 2-shared edges between octahedra,
while brookite and anatase have 3 and 4. The
octahedra themselves have differing degrees of
asymmetry with rutile being the most symmetric
and anatase the least. The damage/recovery at 50
K can be directly contributed to the TiO, octahedral
connectivity, octahedral distortion, and the volume
expansion from crystalline to amorphous. The
tolerance was found to change anatase < brookite <
rutile with the decrease in octahedral-edge sharing,
and a subsequent increase in volume expansion
between crystalline and amorphous forms. Applying
molecular-dynamics based simulations a similar
trend was found agreeing with the experimental
results [1], shown in Figure 2 for anatase and rutile.
Molecular-dynamics simulations took an amorphous
region within a crystalline phase, and raised the
temperature to recrystallise the structure back.

After the samples were irradiated and analysed
(shown in Figure 3), there was a difference from the
results obtained at 50 K. At 50 K synthetic rutile was
found to be the most tolerant, while anatase was
the least tolerant, with brookite inbetween. Using
Tc as a measure for damage resistance brookite
was most tolerant (discounting the previously
unamorphisable synthetic rutile), and anatase the
least, with rutile inbetween [2]. These differences
are complex, but can be linked to the changes in
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structure, and how the polyhedra interconnect. In
general, rutile is more stable than anatase when
the structure is considered, while brookite is difficult
to assess as it is formed under high pressure
and temperature in nature. Rutile, which is more
resistant to damage than anatase, has the largest
crystalline to amorphous volume change, and the
most symmetrical TiO, octahedral co-ordination,
while anatase has the smallest volume change and
the most asymmetric TiO, octahedral co-ordination.
Such structural information can now be added to
predictive models being developed for materials
in high radiation fields, and shows that structure
directly impacts on the tolerance of materials.

Outlook

The results from this work are being incorporated
into models describing how materials recover
from radiation damage. The models are being
used in predicting the effects of radiation on
Y-Ti-O oxides, which are used as additives in
ODS materials (Oxide Dispersion Strengthened
materials have oxides added to help improve the
performance), which have been proposed for
use in future reactor technologies.

FIGURE 1
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Figure 1 - Effects of increasing radiation damage on samples observed using Transmission Electron Microscopy (TEM). The numbers refer to how

many ions have impacted upon the sample within the microscope.
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Figure 2 - A plot of fluences required to amorphise rutile, anatase and brookite at different temperatures.
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Figure 3 - The results from the molecular-dynamics simulation of rutile and anatase (brookite has been omitted for clarity). The results
show that rutile (a), (c), and (e), the most symmetric, recovers more rapidly than anatase (b), (d), and (f) the most asymmetric.
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From crystal grains to texture
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Plastic deformation of metals is inherently linked to the microstructure of materials,
defining their mechanical properties and thermal behaviour. For the first time we
have continuously followed the in situ evolution of embedded bulk grains of copper
during the plastic deformation process of cold uniaxial compression. Initially,
coarse grains break up into subgrains and, depending on their initial alignment,
rotate into their preferred orientation merging finally into a continuous texture. In
contrast to previous investigations, the study shows not only the starting and final
conditions but the full evolution of the microstructure.

Better materials through
microstructure engineering

One challenge in materials science and
engineering is the ever more detailed
understanding of materials for modelling and
lifetime prediction as well as the design of
novel materials, which are lighter, stronger and
longer lasting under extreme conditions. Many
of the structural materials, such as metals,
ceramics and their composites are made out
of little crystallites each of which has a more
or less perfect crystal structure. They can be
of different phase-composition, shape and
inter-penetration. This so-called microstructure
is responsible for the majority of mechanical
properties of the final product; and the art to
design novel materials is to find particular
arrangements which make them harder, more
shock absorbing, heat resistant or self-recovering
upon damage and aging. It is important to start
with simple materials that can be modelled
and then be used to understand more complex
systems. At present, our study focuses on copper
and its grain and textural behaviour.

Making synchrotron X-ray movies

Here we present in situ data of cold plastic
deformation in coarse grained copper which
gives detailed insight into the real-time evolution
of the microstructure [1]. High-energy X-ray
diffraction at the beamline ID15B of the European
Synchrotron Radiation Facility was used to probe
the bulk of the material. The morphology of
the Debye-Scherrer rings (Fig. 1a and 1b) is
evaluated to obtain information about the grain
statistics, crystallite perfection and grain
orientation. For each time step, the Debye-
Scherrer ring of a selected reflection (Fig. 1a and
1b) was cut at the 9 o’clock position and
straightened into one line of Fig. 1c, the vertical
axis is in the dimension ‘time’.
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Texture measurements at OPAL

The full sample texture has been measured
after the compression process using neutrons
on the Kowari instrument at the OPAL reactor at
the Australian Nuclear Science and Technology
Organisation. The 111 pole figure is shown in
Fig. 1d, which is not yet totally axial symmetric but
close to the asymptotic limit of the compression
texture. Schematically, the final intensity
distribution in Fig. 1c corresponds to the solid-
dotted circle on the surface of Fig. 1d.

How texture forms

It is interesting to follow how differently oriented
grains merge into the final texture. If grains are
arbitrarily oriented, for example with the (111)
normal in the 70°-80° and 100°-110° regions of
in Fig. 1c, they rotate away from the longitudinal
direction into the preferred orientation of 56°.
A similar process appears to form the second
texture maximum in the T direction at 0° and
180°. Grains which were already oriented close
to those directions do not rotate much, however
they develop subgrains due to deformation.
In particular, strong mosaic spread evolves
in the T+56° direction, where slip planes and
deformation bands are highly activated. Grains
oriented with the normal of (111) along the
longitudinal stress direction L (90° and 270°)
are in an unstable equilibrium in which the slip
system of that plane is not activated. Therefore,
these grains do not rotate. Subgrains, however,
are formed through the deformation systems of
the other {111} planes which creates symmetric
mosaic spread of several 10°. Finally, the
subgrains take over the role of individual grains
and merge into the preferred orientation maxima
at T+56°.

A revolution for materials design

The presented mechanism and method allows
one to track the evolution of embedded grains in
detail giving valuable input for further theoretical
modelling and the understanding of plastic
deformation. Validated on the well understood
system of Cu, we have recently applied this
model to twinning induced plasticity steel [2]: a
novel, high strength and ductile material being
developed for the transportation and defence
industries. There are fundamentally different
deformation mechanisms existent at high
temperatures, like dynamic recrystallisation
and dynamic recovery which compete with
each other. We observed this for the first time
in situ and in real time on a Zr alloy, a material
relevant for the nuclear power industry [3]. In
addition, we studied a Ti-Al based light metal
alloy (at 1300°C with presented technique) that
is being designed for aero-space applications.
Here, the different deformation mechanisms
simultaneously occurring in the two coexisting
phases could be visualised and separated
revealing the origin of the good formability
aimed during near-conventional forging [4].

The new method gives immediate feedback
on what is happening in the material, which is
considerably more efficient than the conventional
processing, quenching, preparation and
characterization techniques. Therefore, thermo-
mechanic simulation shall routinely be done in a
synchrotron or neutron beam in order to receive
instantaneous feedback from the process.
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Figure 1 - Two-dimensional X-ray diffraction patterns (dark is high intensity) showing initially spotty Debye-Scherrer rings from a small number of crystallites
(a) evolving upon plastic deformation into continuous, but textured rings (b). The intensities of the Cu-111 ring are plotted in dependence of azimuthal angle
and time in (c) with longitudinal L and transverse direction T marked. A reconstructed 111 pole figure from a full texture measurement is given in (d) indicating
schematically a line of measurement obtained from one Debye-Scherrer ring.
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Engineering

ANSTQ's engineering research is very closely linked
and often overlaps with our materials research.

The organisation’s engineering studies look at the
effects of high-velocity impacts on materials including
the localised deformations that often occur that cannot
be predicted using conventional analysis techniques.

ANSTO also studies metal welds. Welds are an
essential part of most engineering projects however
residual stresses induced by welding can accelerate
failure.

ANSTO has studied metal welds of different metal
compositions, which is a frequent joining method in
the construction of nuclear power facilities,

to determine the behaviour of the welds and

used neutron diffraction to measure residual stresses
iIn welds of a new connection to a major gas pipeline.
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Characterisation of ductile material

response to dynamic loading

Michael Saleh and Lyndon Edwards
ANSTO

ANSTQO's Structural Integrity and Material Research Unit is actively engaged with
the modelling and simulation of material responses to high strain-rate and high
temperature phenomena. Analysis of high velocity impacts has shown that
material behaviour demonstrates sensitivity to both strain rate and the adiabatic
heating of the material. This often leads to localised deformations which cannot
be predicted using conventional analysis techniques. e.g. shear banding, adiabatic
thermal softening and pressure induced phase transformations amongst others.
Therefore we are now developing this high strain-rate method for use in a wide
variety of fields including the defence sector.

Material Response to Large Dynamic
loads

The analysis of the material response is reliant
on a firm understanding of the complexities of
dynamic loading and the associated physical
responses that govern the material’s deformation.
Examples of high strain rate/high temperature
events are seen in metal stamping and
tooling in the manufacturing industry, collision
evaluation in the automotive industry, bird strike
in the aerospace industry and ballistic and blast
protection in the defence sector. These highly
transient events occur in tens or hundreds of
microseconds and require the use of non-linear
continuum mechanics. New Finite Element
Analysis codes were commissioned for this work,
namely LS-DYNA [1] which is the fastest explicit
Finite Element solver available. The new analysis
procedure developed has built capabilities
within ANSTO and for its partners that were
previously unavailable. The solution was made
possible through new material models, contact
algorithms, new element formulation (SPH,
Smoothed Particle Hydrodynamics and ALE,
Arbitrary Lagrangian- Eulerian). Further work is
envisioned in the area of meshless simulations
which negates the effect of element distortion in
Lagrangian based analysis.

Having amassed a great degree of nuclear
expertise in the areas of material identification,
testing and the development of material
modelling techniques, ANSTO is an important
core participant of the Defence Materials
Technology Centre (DMTC). Established in
2008, the centre is a collaborative engagement

of industry, universities, defence organisations
and other national research facilities. Here, we
report about the research project with the DMTC,
including partnerships with the University of
Wollongong and the University of Melbourne.

Preparing tests

Our research has built capabilities in the
area of high strain-rate analysis, using both
phenomenological and mechanistic approaches
to describe material behaviour. This will be
used in the future as we will bridge the gap
between atomistic and macroscopic modelling.
High strain-rate research is being carried out
by a number of manufacturing, automotive
and defence institutions around the globe. The
DMTC has also deemed this research essential
for the development of indigenous armoured
structures. High strain-rate testing will be carried
out in conjunction with our project partners in
the first quarter of 2010. A concerted effort has
been made to identify the required material tests
to accurately define the necessary constitutive
models. The testing will likely include Split-
Hopkinson pressure bar tests, high and low-strain
rate furnace tensile tests to account for adiabatic
heating and pressure testing for calibration of
the model. Transmission electron microscope
and scanning electron microscope analysis
techniques will likely be used in the mechanistic
constitutive model derivation. Amongst the most
widely used constitutive models are those by
Johnson-Cook [2] and Zerilli-Armstrong [3]. The
research may also lead to new user defined
material models for inclusion in the Finite Element
Analysis.
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Validating data for models

Figure 1 shows one step in the 3D axis-
symmetric Lagrangian mesh simulation of a 7.62
mm armour piercing round impacting two 6 mm
Armox560T plates. Armox560T is manufactured
by Swedish steel maker SSAB and is claimed to
be the “world’s toughest protection plate” [4]. It is
a low alloy quenched and tempered steel with a
yield stress of 1300 MPa and a reported tensile
strength of 1600-1900 MPa. This steel has been
evaluated by the Norwegian defence force and
published literature [5] provided the necessary
data and results to benchmark our numerical
result. Some of the metrics used in the evaluation
of these models include depth of penetration,
residual bullet velocity, hole diameters, and other
components.

The ANSTO model uses the Johnson-Cook
plasticity [2] relation and the Cockcroft-Latham

[6] fracture model. A penalty based element
contact algorithm with an erosion criteria that
deletes highly distorted elements is utilised, thus
alleviating premature termination of the simulation
due to floating point errors or stress singularities.
This models is better in predicting the projectile
response than the published simulations [5]
on which it is based. The brass bullet jacket
has been stripped and the tip of the steel core
has been eroded. The residual velocity, (V) of
this simulation was 198 m/s compared to the
measured V, of 200 m/s and the original papers
[5] simulation of 286 m/s. The physical features of
the model are validated against published results
[5]. Figure 2 combines a high-speed photograph
of the ballistic experiment together with a post-
experiment metallographic cross-section of
the impact area. The rotation of the bullet, the
erosion on the bullet tip and the cratering of the
entry hole all provide good validation data for the
models produced.
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Figure 1 - Simulating a 7.62 mm Armour piercing round impacting two 6 mm Armox560T plates.



FIGURE 2

Figure 2 - Ballistic test of a 7.62 mm Armour piercing round impacting two 6 mm Armox560T plates. [6]

The development of these models is essential
in harnessing scientific techniques for the
engineering design process. The capabilities
developed have, for the first time, allowed the
industry partner to anticipate material failure
in a virtual environment with minimal need for
expensive and often complicated ballistic tests.
The development of the next generation armour
will employ these models in lieu of the current ad
hoc design strategies.

Another development in our modelling capability
is the evaluation of Fluid Structure Interaction
(FSI) models which couple the fluid motion to the
mechanical response of the material. These have
seen use in sloshing analysis of fluid containers,
fluid motion analysis and the development of
airborne blast models.

Figure 3 shows the results of a coupled FSI
simulation of a 6 kg mine blast on a 590 kg steel
plate. The expanding gas cloud moves through a
static mesh (Euler mesh) where material transfer
between elements occurs. Momentum transport

formulation is used in this simulation. This
simplified model is significant as it accounts for
the concentrating effects of soil craters and the
inclusion of an equation of state characterises
the fluid behaviour of the blast gases and the
surrounding air. This model was built after two
previous iterations using the CONWEP [7] blast
method and this formed part of our continuing
contribution to the DMTC'’s collaborative effort.

The next iteration of the blast model will include
a soil formulation to capture the large effects
entrapment have on the imparted kinetic energy.
This has been identified as an urgent analysis
tool to combat the increased use of improvised
explosive devices against Australian Defence
Force (ADF) personnel. ANSTO’s effort in
both the ballistic and blast simulation provides
measurable benefits to the ADF and secondly
to Australian Industry. Our work has also been
publicised through the International Symposium
on Ballistics [8] with the aim of furthering our
knowledge and demonstrating our capabilities.
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Simulation of a weld

stress determination

procedure used

in nuclear power facilities for residual

Ondrej Muransky', Philip Bendeich’, Lyndon Edwards’ and Mike Smith?
TANSTO and ?British Energy — Electricite De France

Metal welds of different metal compositions are a frequent joining method of
two sections in the construction of nuclear power facilities. Here we report on

our computer simulation of one of these “

dissimilar” metal welds in a pressuriser

safety relief line. The weld has a complex manufacturing history, including for
example transition layers to the intended weld, heat treatment, and machining,

before attachment of an extension pipe.

The results of the analyses have been

used to help interpret the behaviour of the nozzle welds on the plant.

Description of weld

Our finite-element computer simulation of a
pressurising safety relief line for a dissimilar
metal weld procedure has been performed in
collaboration with British Energy (BE) - Electricité
De France (EDF)! . BE-EDF has contracted an
external constructor to manufacture mock-ups of
welds in one of their power stations, Figure 1,
as part of a project to assess the risk of primary
water stress corrosion cracking and to develop
an appropriate mitigation strategy. The simulation
work was carried out partly to gain experience
in this form of analysis prior to participation in
an upcoming international Nuclear Regulatory
Commission (NRC) round robin, and partly
to address perceived deficiencies in existing
simulations performed by other contractors. The
weld has a complex manufacturing history: it
comprises over 90 buttering passes to provide a
transition layer from one material to the intended
weld material; after application of the buttering
layer intermediate heat treatment followed to
relax stresses. This treatment led to machining of
the butter layer in order to provide a new welding
surface. Using 46 transition layers, so-called
“passes”, the main dissimilar metal weld could be

applied, and finally the extension pipe could be
attached via a standard metal weld of the same
metal composition. The large number of weld
passes proved a challenge to model efficiently
with many software tools being developed to
augment the existing packages (Abaqus [1] and
FEAT weld modelling tool [2]) used for this type
of analysis. The results of the analyses have
been used to help interpret the behaviour of the
nozzle welds on the actual plant.

In order to perform this simulation with a degree of
confidence a considerable amount of background
work has been carried out in conjunction with
BE-EDF and the European Network on Neutron
Techniques (NeT). NeT has organised several
round robins for simplified welding simulations
and measurements whose sole purpose was to
identify the key elements to accurate welding
simulations and verify the results using advanced
measurement techniques [3]. The key elements
identified in successful welding simulations are:
i) an accurate heat-source model utilising an
appropriate heat-flux energy distribution; and
i) detailed temperature-dependant material
properties, both thermal and mechanical.

1The ANSTO/ BE-EDF collaboration has been partially supported by a grant from the UK Royal Academy of Engineering.
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Simulation Procedure and Results

In the current work as much detail of the welding
procedure as possible has been incorporated
in the model. For simplicity, several sequential
axi-symmetric  (2-dimensional) models were
developed. Each model was used in turn to
provide the stress/strain field for the next step
in the welding process which included surface
machining to remove excess material.

In overview the nozzle/extension, Figure 2,
undergoes several steps in its construction: 1)
application of an Inconel 82/182 buttering layer
to the SA508 ferritic steel nozzle, 2) machining of
the transition layer, i.e. buttering layer to provide
a good welding surface, and 3) 46 pass welds
for attachment of the nozzle/buttering layer to the
stainless steel 316L extension.

Traditionally, buttering layers and weld passes
might be applied in a single lumped step in
order to simplify computational effort with the
assumption that this did not significantly affect
the final results. In this work, all 93 passes of the
buttering layer and 43 passes of the extension
weld attachment were individually applied. At
the end of each step, the results were mapped
to a new model where the outer layers could be
removed to simulate the machining of the weld
surface.

As thermocouple records were taken during the
mock-up construction each pass was allowed to
cool until the “actual” interpass temperature had
been achieved, at which point the current step

Figure 1 - Mock-up construction of nozzle and safe-end extension on pressure vessel end cap. Nozzles are constructed under identical welding conditions

either side.

was automatically terminated and the next pass
commenced. This is a level of detail that is rarely
possible and did provide a noticeable variation in
the resulting residual stress field, Figure 3.

A full cyclic strain hardening law (tensile/
compressive) was applied for all three materials
used in the construction of the dissimilar weld.
Once again, this level of detail is rarely utilised in
welding simulations primarily due to the lack of
accurate test data and the necessary experience
in applying the properties to a numerical material
model. A further level of material complexity was
applied with the use of two-stage annealing for
both strain relief then strain hardening. This final
step was shown to have only a limited influence
on the resulting residual stress field.

The lessons learnt will enable more accurate
solutions for a wide range of welding situations
with a better insight on what is important to
consider and what can be omitted to accelerate
the process in what is a very time consuming
analysis. With the knowledge and experience
gained from the current study we have pushed
the boundaries of accurate welding simulations
for residual stress determination. Considering
that welds are the most common joining method
in high temperature plants the applications will
be many and varied. Further work will include
combining our complimentary knowledge on
creep/fatigue analysis and applying this to
estimate the life exhaustion of the material
resulting from the welding process alone.

FIGURE 1
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Figure 2 - Section view of dissimilar weld. Nozzle attached to pressure vessel end-cap.
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Figure 3 - Through thickness hoop stress profiles (left) with bead cap on (top) and removed (bottom). Implied interpass temperature control (left and
dotted), accurate T/C interpass temperature control (right and solid line). Directions: S11-through wall; S22 -transverse to weld path; S33 -hoop.
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Residual stress and integrity of a gas
pipeline connection measured by
neutron diffraction

Michael Law, Oliver Kirstein and Vladimir Luzin
ANSTO

Welds are an essential part of most engineering projects, however, residual
stresses induced by welding can cause or accelerate failure by several
mechanisms. Residual stresses are difficult to measure and there is little
information on residual stresses in welds. The integrity assessment of components
is often based on residual stress estimates from assessment codes.

Neutron diffraction is an ideal tool for measuring residual stresses as it provides
accurate values through the entire component thickness. WWe measured the
residual stresses in welds of a new connection to a major gas pipeline. The
critical crack size was evaluated from the measured stress and compared to that
estimated from integrity assessment codes. Some code estimates dangerously
overestimated the critical crack size. Neutron diffraction provides a more accurate
assessment of component integrity than estimates from assessment codes. With
neutron diffraction we could compare and validate assessments codes following
our measurements.

Many gas pipelines require connections to allow
a branch to feed new facilities, especially gas-
fired power stations. Frequently, this requires
welding on ‘live’ pipeline connections, i.e. they
are welded directly onto a pressurised pipeline
with a special welding procedure. A valve is put
on the new branch pipe and a cutter removes the
remaining wall between the 2 pipes. The welds in
this connection cannot be post-weld heat treated

as the pipeline product carries away heat; this
causes significant residual stresses to remain
in the welds. As these residual stresses may
contribute to premature failure by fatigue; stress
corrosion cracking; hydrogen assisted cold
cracking; or fracture; it is important to investigate
these welds for further understanding of stresses
induced by this method.

ﬁ ANSTO Research Selections 2009



@ ANSTO Research Selections 2009

FIGURE 1

Figure 1 - Samples for measurement were cut from the saddle of the branch connection made during welding qualification.

Using Kowari

The residual stresses were measured on the
Kowari strain scanner. Measurement points
were chosen in the weld, heat affected zone,
and parent material. A monochromatic beam
with A = 1.666 A diffracted from Si{400} planes

Figure 2 - Positioning a section cut from the branch connection on Kowari.

of the monochromator was used in this analysis.
This wavelength resulted in a scattering angle
of 90° for the Fe(211) reflection used for the
measurements using a nominal gauge volume of
3x3x3mmd.

FIGURE 2



FIGURE 3

Figure 3 - Stresses in direction of weld (out of page) with a maximum error of 33 MPa. Measurement points are marked in white.

The residual stresses measured

Residual stresses were measured in the saddle,
an area where transverse residual stresses are
expected to be highest. The maximum stresses
(290 MPa) were along the weld direction (figure
3) and may lead to cross weld cracking. Stresses
in this direction are rarely significant for brittle
fracture as crack growth slows or stops when
cracks propagate into the parent material due
to reduced imposed stresses, reduced residual
stresses, and higher toughness.

Brittle fracture assessment

Stresses across the weld (Figure 4) are more
significant for brittle fracture, causing cracking
along the weld direction. Brittle fracture was
analysed with an assumed surface breaking

defect situated at the saddle subject to the
maximum pressure the connection  will
experience of 20.7 MPa.

Brittle fracture is driven by both operational
and residual stresses. Estimates of residual
stress (Figure 4) were taken from two integrity
assessment codes, APl 579 [1] and BS 7910
[2]. The residual stress predictions in API
579 are based on modelling. The residual
stress predictions in BS 7190 are either
conservatively assumed to equal yield strength,
or use an equation based on a compendium of
measurements.
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FIGURE 4

Transverse residual stress prediction and measurement
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Figure 4 - Predicted and measured longitudinal and transverse residual stresses.

Four estimates of the transverse residual stress were used in the critical
crack size analysis (Figure 4):

* The yield strength level residual stress prediction from BS 7910 (YS).
» The calculated residual stress prediction from BS 7910 (BS 7910).

* The actual variation through wall (measured).

* The residual stress prediction from APl 579 (API 579).

The results of this analysis are shown in the table:
Table 1: Critical crack size (mm) for different residual stress states

8.6 72

API 579 17 144




Critical crack sizes obtained

Residual stresses in a branch connection weld
were measured by neutron diffraction on the
Kowari strain scanner. The critical crack sizes
calculated from code estimates of residual stress
and measured residual stresses were compared.
Critical crack sizes based on residual stress
estimates from BS 7910 were conservative
(shorter than) the critical crack size derived from
measurements. An estimate of residual stress
based on APl 579 lead to a non-conservative
critical crack size, a potentially dangerous
situation. This work shows the importance
of making project-specific measurements of
residual stress. Neutron diffraction contributes
significantly to our understanding of residual
stresses in welds, as it provides accurate through-
thickness measurements. As a result of these
measurements we were able to compare and
validate assessment codes, and therefore obtain
a more accurate assessment of component
integrity. This is vital for engineering projects.

Further residual stress measurements are
planned which will create a compendium of
results. This will be used to generate more
accurate estimates for assessment codes in the
future.

References
[1] APl 579/ASME FFS-1, American Petroleum Institute, 2nd edition 2007.

[2] BS 7910:2005 - Guide to methods for assessing the acceptability of flaws in metallic structures.
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ANSTO Facts and Figures

Financial Statement for Calendar Year 2009

The total expenditure by ANSTO for the calendar
year 2009 was AUD 216.1 million. Of this AUD
59.3 million or 27.5% was utilised in scientific
research. Federal government (block) funding
represented 86% of this research funding and

FINANCIAL STATEMENT (AUD'000)

Expenditure
Operations
Investments

Total

Exp according to source of income
Federal Govt. funding
Third Party

Third Party revenue

Private Industry
Grants #1
Total

14% came from third parties. These third parties
include significant private industry investment
(72%) while the rest came through grants from
Government, Universities and Co-operative
Research Centres (CRCs).

2009 Research

2009 Total ANSTO

40,646 68% 165,752 1%
18,697 32% 50,306 23%
59,343 100% 216,058 100%
50,934 86% 158,622 76%
8,409 14% 57,436 21%
6,025 2% 54,759 95%
2,384 28% 2,677 5%
8,409 100% 57,436 100%

#1 Incls grants from Govt, Universities and CRCs

ANSTO Employees

At the end of 2009, ANSTO had 985 full time
equivalent employees of which 27.8% were
women. The chart below shows ANSTO’s
reliance on a growing group of Technical and

ANSTO Employment Categories

Technical and Engineering
Services 52.1%
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Engineering Staff (52.1%) for a successful user
based research facility.

Our next biggest group is the research ranks of
which 29 were PhD students and 29 were Post-
doctoral Research Fellows.

Employment
programs 4.7%

Administration
20.0%

Research 23.2%



At the end
2009, ANSTO had
full time employees.

Education

As part of its commitment to education, ANSTO
runs an Annual Neutron School. This school is
run over a week and provides PhD students
and Post Doctoral Fellows with an opportunity
to learn about and perform experiments using
ANSTO’s beam line instruments. 40 scientists
attended this school in 2009.

Our commitment to further education also
extends to secondary teachers. A total of 62
teachers attended the 5 individual professional
development days for secondary teachers that
were hosted this year at ANSTO. These one day
courses provided an overview of all areas of the
science curriculum including Chemistry, Physics,
Biology as well as Earth and Environmental
Science that are covered (at a High School
Certificate level) as part of the tours at ANSTO.
As well as helping to encourage more students
and teachers to visit our facility, it is also designed
to help encourage the teaching of the nuclear
science elective in the HSC school syllabus.

We also wish to report that, in 2009 ANSTO had
15 scientists lecturing at Universities and higher

education establishments across New South
Wales and Australia.

Invention disclosures

AUS4-Maritime Container Test Standard

Automatic Mesh Generator

Automated Electrical Circuit Calculations

Ga-68 Generator

User Services

During 2009 the OPAL reactor and its associated
beam lines along with our two accelerators
(ANTARES and STAR) attracted over 370 users
with more than 1,300 visits. These came from 60
different institutions in over 20 countries.

In 2009, ANSTO received an allocation of
special Federal Government funding of $62M
for the building of additional neutron-beam
instruments for the OPAL research reactor and
the establishment of a Centre for Accelerator
Science.

Memberships

* Dr David Cohen has been invited to sit
on the Editorial Board for the International
Journal X-Spectrometry as Executive Director
for the Australian region by the journal’s Editor
in Chief, Professor Rene Van Grieken, Head of
Department of Chemistry, University of Antwerp,
Belgium.

* Professor John Dodson was made a member
Quaternary Science Reviews, Quaternary
Research, The Holocene.

Invention Disclosures

In 2009, there were 6 ‘invention disclosures’ to
the patent office for the purposes of securing
provisional patents at ANSTO:

Method for hermetically sealing metal ceramic feed through

Ceramic Internal Combustion Linear Alternator
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Awards

* Dr Andrew Whitten - NHMRC Australian
Biomedical Fellowship on “How SNARE proteins
regulate glucose transport” at University of
Queensland.

¢ Dr Ron Cameron, Dr David Cohen and
Dr Adi Paterson - elected to the Australian
Academy of Technological Sciences and
Engineering (ATSE).

* Dr Quan Hua - Invited Academy Fellowship to
Japan: FY 2009 Japan Society for the Promotion
of Science (JSPS) Invitation Fellowship Program
for Research in Japan (16 Feb — 16 Apr 2009).

* Dr Henk Heijnis - Honorary Fellow of the
Australian Institute for Nuclear Science and
Engineering, as well as a Visiting Professorship
‘Grant’ from the Royal Netherlands Academy of
Arts and Sciences.

* Dr Tim Payne — Fellow of the Royal Australian
Chemical Institute.

* Best Technical Paper Award - International
Association of Hydrogeologists Sydney Basin
Symposium (Waring C.L.*, Stepanyants Y.A,
Hankin S.1., Airey P.L., Peterson M.A).

» The Bragg Institute - Poster Prize at IEEE
School on Magnetics.

Grants in which ANSTO collaborates
ARC Discovery Grants

* “Materials science and superconductivity
in the new Fe-based high-temperature
superconductors” (University of Wollongong).

* The Late Pleistocene Peopling of East Asia and
Associated Climate-EnvironmentHistory, (UNSW,
Sydney, ANSTO, Griffiths, Witwatersrand (SA)
and Yunnan (China)); and (UNSW).

» Untangling the links between EIl Nifio and the
Changing global climate, Dr McGregor (Univ.
of Wollongong, Univ. of Glasgow and ANSTO),
(UoW) and (UNSW).

» Thresholds and hysteresis: how do abrupt
changes in the Asian monsoon affect ecosystems
and environmental processes? (Univ. Sydney).

* Industries of Angkor: Material Production and
the Decline of the Khmer Empire (11th to 15th
centuries CE). (Univ. Sydney).

ARC Linkage Infrastructure, Equipment and
Facilities (LIEF) Grants

* New single-crystal X-ray diffractometer at
Sydney University.

» Sample-characterisation equipment at UNSW.

» Sample-characterisation equipment at Univ. of
Wollongong.

* A high performance stable-isotope micro-
analytical facility for the earth, palaeo-
environmental, and climate change sciences.
(ANU).

e The future of palaeo-climate and
archaeological research in Australia: next
generation instrumentation for chronology and
environmentalreconstruction. (Univ. Queensland)
and (Univ. Melbourne).

Marsden Fund of Royal Society of New Zealand

* “Probing the effects of oxidative stress on
cellular membranes”, - University of Auckland

Department of Education, Science and Training
Grant

* Australia-China International Linkage Scheme.
2007-2010. Evolution of palaeo-lake systems on
the Tibetan plateau and formation of terraces
along Yangtze River using cosmogenic exposure
dating. (ANSTO, China Academy of Sciences
and Institute for Geophysics, Beijing, China).

ANSTO - University of Melbourne Collaborative
Research Support Scheme

* How do coral atolls evolve over time - can laser
ablation U-Th “range—finding” ages provide an
answer?

* Quantifying the response of Australian
landscapes to climatic and tectonic forcing using
cosmogenic isotope analysis.



Large NERC Grant

* “A calibrated climate record from Gibraltar
speleothem: the instrumental era, the Holocene
and the last interglacial” RHUL, Birmingham.

National Geographic NGS Grant

* Industries of Angkor Project: Production and
decline of the Khmer Empire (11th to 15th
centuries CE). Univ. Sydney.

National Science Foundation, USA, 05-514
Antarctic Research

» Understanding causes of atmospheric methane
and carbon cycle variability in the Holocene: the
roles of climate change and human perturbations,
2009-2012, University of Colorado, NIWA,
CSIRO-Atmospheric Research.

Australian Antarctic Division, (ANARE)

» Concentration and isotopic measurements
of radiatively important gases in the southern
atmosphere , CSIRO Division of Atmospheric
Research, ANSTO, University of Heidelberg,
Princeton University.

« Air sampling and analysis from Antarctic
fire and ice , CSIRO, ANSTO, NIWA (NZ),
University of Colorado), Pennsylvania State
University, University of East Anglia, University
of Heidelberg.

Bureau of Meteorology

e Cape Grim BAPS Research Allocation to
Dr David Fink.

Spanish Government |+D project

* L. Rosell and other 11 researchers from several
European and non-European institutions.
Diagenetic models in evaporitic basins and
formations.
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Partnerships

Co-operative Research Centres (CRCs) and
their equivalents are an integral part of the
scientific research landscape in Australia today.
From their inception, ANSTO has been involved
in these centres and our current involvements
are described below.

CRC (OR SIMILAR)

CRC for integrated engineering asset management
(CIEAM)

PROJECT NAME/S

Improved OPAL Monitoring and Management System

Integrated Asset Health Manager

Stratigic Work Design in Asset Management

Multi Criteria Asset Decision Report Tool

Nuclear Structural Integrity Modelling Defence Materials Technology Centre (DMTC) - Non CRC

Partnership

CRC for Polymers I 3.1 Functional Polymers for Photovoltaic devices

3.3 Degradable Polymer films

CRC for Biomedical Imaging and Development Protein Biosynthetic Pathway Targeting

Neuroreceptor Ligand Targeting

Development of Novel Receptor Based Radio-Pharma
t

Development of Synthesis Mods for Tracer Product

General

CRC Revenue and Contributions

Evaluation and Characterisation of Detector Materials

CRC for Sustainable Resource Processing

4b — Geo-polymers
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Workshops and Reviews

» 26 and 27 March 2009 — Bragg Institute Advisory
Committee Meeting

This group makes recommendations to ANSTO
regarding prioritisation and balance in the Bragg
Institute user program, following external peer
review of neutron beam time proposals.

* 12-14 August 2009 — IAEA Consultants Meeting
— at the Bragg Institute

Strategic Planning and Regional Networking for
Sustainability: ‘Concerted Actions on Neutron
Scattering in the Asian-Pacific Region’.

» 16 to 21 August 2009 — Neutron School — at the
Bragg Institute

The Asia-Oceania Neutron Scattering
Association’s (AONSA) Neutron School for PhD
and Post Doctoral students.

» 27-28 August 2009 — Workshop on New Guides,
Instruments and Sample-Environment Apparatus
— at the Bragg Institute

» October 2009 — Accelerator Advisory Committee
— at Institute of Environmental Research

Committee commissioned to advise and
recommend on future Accelerator work hosted at
ANSTO.

* 9 November — 4 December 2009 — OPAL and
Bragg Instrument Design Workshop

NIST Center for Neutron Research, hosted a
Conceptual Design Workshop in Washington DC,
USA.

ANSTO Top Management Team

In 2009, the ANSTO Top Management Team,
comprising representatives from each of ANSTO'’s
research and administrative areas, met regularly
to discuss and disseminate information relating to
‘whole of ANSTO’ issues.

Dr Adi Paterson — Chief Executive Officer

Dr Ron Cameron — Executive General Manager,
Strategy, Government and International Relations

Mr Doug Cubbin — Chief Financial Officer,
Executive General Manager, Business and
Enterprise

Mr Con Lyras — General Manager, Engineering
and Technical Services

Dr Rob Robinson — Head, The Bragg Institute

Dr Greg Storr — General Manager, Reactor
Operations

Professor John Dodson — Head, Institute of
Environmental Research

Mr lan Turner — General Manager, ARI

Professor Lyndon Edwards — Head, Institute
Materials Engineering

Ms Stephanie Cole — Legal Counsel

Dr Ron Weiner — Head, Radiopharmaceutical
Research Institute

Dr Bob Ring — General Manager, ANSTO
Minerals

Mr Andrew Humpherson — General Manager,
Government and Public Affairs

Mr Michael Beckett — Chief Information Officer,
Information Management Systems

Mr Hefin Griffiths — Manager, Quality Safety
Environment and Radiation Protection

Dr Paul Di Pietro — Manager, Campus Services

Ms Margaret Fittler — Manager, Human
Resource

Ms Tanya Karma — Manager, Silicon Irradiation
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