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FRONT COVER
Uranium projects in Northern Australia, May-June 1979.
(1) The Deputy Prime Minister and Minister for Trade and Resources,
the Right Honourable J. D. Anthony, M.P., performs the ground
breaking ceremony at the Ranger Uranium Project, Jabiru, Northern
Territory, 11 June.
(2) Excavation for the primary crusher foundations at Ranger.
(3) Monitoring radon emanation as part of an AAEC research project.
(4) Ore-haul vehicles are checked beneath a fixed discriminator at the
Queensland Mines Ltd Nabarlek deposit, Northern Territory.
(5) Open cut mining at the Mary Kathleen Uranium Ltd deposit, Mary
Kathleen, North Queensland.
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INTRODUCTION
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WORLD ENERGY REVIEW

The attitude of governments to nuclear power is heavily conditioned by the
demand for electdcity and the ability to meet that demand economically through
hydro resources and by burning fossil fuels, mainly coal and oil. Currently there is
a world-wide trend to decrease the use of oil, particularly as a fuel for electricity
generation, because of shortages and uncertainties in supply, rising prices and the
need for oil as transport fuel. This is compensated by a trend towards greater use
of coal and nuclear power for electricity generation. However, more-stringent air
quality standards for coal-fired stations are making greater demands on the
deployment of flue gas treatment plant for sulphur dioxide (SO;.) and particulate
removal, or are pushing the development of new techniques in coal burning, with
consequent effects on electricity costs. Thus the deployment of nuclear power
stations will be affected significantly by the relative economics of nuclear and
fossil-fired plant in the new environment of public opinion, the demand for reduced
pollution and constraints on the supply of fuel.

Meantime, the need to reduce dependence on oil remains a priority. Recent
projections by the International Energy Agency (IEA) of the Organisation for
Economic Co-operation and Development (OECD) envisage a potential excess
of world demand over supply of at least 7.5 million barrels a day (b/d)* in 1990
and 24 million b/d in 2000 if existing policies continue. (See Table 1.) Without
strong energy policy action, the IEA believes such an excess will be translated into
higher prices, slowed economic growth and higher unemployment.

World production of crude oil and natural gas liquids increased by only
0.2 per cent in 1978 to an estimated 3,056 million tonnes, while total production
by the Organisation of Petroleum Exporting Countries (OPEC) fell by 6 per cent
to 1,462 million tonnes. OPEC flow represents 48 per cent of the world total and
62 per cent of non-Communist production.

* 1 million barrels a day equals about 50 million tonnes of oil a year, or about 2,190 PJ
(2,190 x 10'5 joules) a year.



Cuts in output by some of the leading OPEC producers, especially Iran,
were offset to some extent by increases in production by Kuwait, Iraq, the United
Arab Emirates, the USA, Mexico and Western Europe. Mexico increased production
to 63 million tonnes in 1978, a rise of 19 per cent over the previous year, and
has a production target of 115 million tonnes for 1980. Alaskan output rose to
the pipeline capacity of 1.2 million barrels a day (61 million tonnes a year).
Western Europe's crude oil output rose by an estimated 29 per cent in 1978 to
83 million tonnes. The USSR retained its position as the world's leading oil
producer with an increase for the year of over 4 per cent to 572.5 million tonnes.
Output in China is reported to have risen by 12 per cent to about 105 million
tonnes and rapid growth to 200-300 million tonnes a year by the mid-1980s is
considered likely. Australia's production in 1978 was 20 million tonnes.

All major regions of the world except the Middle East and Asia-Pacific
suffered drops in crude oil reserves in 1978, showing an overall decline in world
reserves of 0.5 per cent to 89 gigatonnes. Proven reserves of gas declined by 0.7
per cent due to increased production and smaller additions from new finds. Total
world gas reserves are estimated at 66 x 1012 cubic metres (2,600 EJ)*. The
virtually static production levels and diminishing oil and gas reserves highlight the
present precarious position.

Although suppliers have seen the potential of coal as a plentiful and cost-
competitive source of energy for the future, consumers have not. Oil consumption
in the OECD during the first two months of 1979 increased by 4.2 per cent over
that of the corresponding period of 1978. Crude oil consumption in the USA
increased by 4.1 per cent, in Japan by 3.8 per cent, and by 4.5 per cent in a group
of European countries comprising France, the United Kingdom, West Germany,
Italy and the Netherlands.

A recent investigation by the 1EA into the potential utilisation of coal (Steam
Coal: Prospects to 2000. OECD, 1978) shows that through substitution of oil
by coal, together with other vigorous demand and supply programs, industrial
societies and developing countries can sustain modest economic growth to the
end of this century in a setting of moderately increasing energy prices. The report
states that if governments take measures to encourage production and trade in
coal, net oil imports to OECD countries might be reduced by as much as 3.2
million b/d in 1990 and 7.3 million b/d in 2000, thus reducing the potential
unsatisfied demand by about 30 per cent.

Collectively, ten countries possess about 92 per cent of the world's coal
reserves so a greater use of coal would require an international trade network
with huge amounts of investment, not just in mining, but also in infrastructure.
This must be combined with new policies by 1EA membsr governments to encourage
the use of coal in power generation, industrial processes and space heating.
Public acceptance of increased coal mining, especially for export, could be a
problem in some countries, and environmental policies and l imits on foreign
investors could restrict coal production in others. The situation in regard to coal
could well lead to a resurgence of interest in nuclear power over the next year or
two, particularly when increasing reliance is being placed on rapid rises in the
use of coal at a time when supply constraints are appearing in some countries.

* EJ = Exajoules = lO1^ joules.
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TABLE 1

OECD ENERGY DEMAND AND SUPPLY

Present Policies

(million tons of oil equivalent)

OECD DEMAND
Solid Fuel
Oil and NGL
Natural Gas
Nuclear
Hydro/Gcothermal
Other

TOTAL

OECD INDIGENOUS SUPPLY
Solid Fuel
Oil and NGL
Natural Gas
Nuclear
Hydro/Gcothermal
Other

TOTAL

OECD NET IMPORTS
Solid Fuel
Oil and NGL<'>
Natural Gas

TOTAL

WORLD NET OIL IMPORTS
OECDO
Centrally Planned Economies
OPEC«
Non-OPEC

Developing Countries and Others

WORLD POTENTIAL EXCESS
DEMAND

1976

708
1,909

681
88

226

—
3,612

687
597
663
88

226

—2,261

31
1,322

24
1,377

2000
Low Nuclear

1,472
3,154

865
925
361
136

6,913

1,365
699
549
925
361
136

4,035

107
2,455

316
2,878

2,455

—(1,545)

350

1,260

2000
High Nuclear

1,313
3,079

857
1,172

356
136

6,913

1,233
699
549

1,172
356
136

4,145

80
2,380

308
2,768

2,380

—
(1,545)

350

1,185

(1) Includes bunkers.
(2) OPEC production is assumed to be 40 mill ion barrels a day in 2000. These assumptions

were adopted after an analysis of each country's reserve base, existing and planned
capacity, economic development and oil revenue needs.

SOURCE: OECD/IEA. Steam Coal: Prospects to 2000. (OECD, 1978.)
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AUSTRALIAN ENERGY SITUATION

Compilation of statistics from a variety of sources shows the total energy
consumption in Australia in 1976-77 to 'have been about 3,000 PJ (see Table 2).
This represents an increase of 6.8 per cent over the previous year, >«id compares
with the average increase of 5.45 per cent per annum through the period 1960-61
to ] 975-76. (1 PJ = 1015 joules.)

Despite the requirement for a net import of approximately 320 PJ of crude
oil and petroleum products in 1976-77, Australia was a net energy exporter with
energy production exceeding domestic demand in that year by approximately
1,000 PJ. Coking coal provided the bulk of energy exports but the levels of
steaming coal and uranium exports were significant. These figures are presented
in Table 2, which also shows thuf Australia has high reserve-to-production ratios
for all fossil fuels except oil. However, as shown in the Commission's Twenty-sixth
Annual Report, Australia's fossil fuel reserves are not distributed uniformly.

Following the decision of the Commonwealth Government in August 1977 to
increase oil producer prices for known fields progressively towards import parity

TABLE 2

ESTIMATED PRODUCTION, CONSUMPTION AND RESERVES
OF ENERGY IN AUSTRALIA BY FUEL TYPE'')

Black Coal
Brown Coal
Petroleum^)
Natural Gas
Hydro electricity^
Wood and Bagasse
Uranium(6>

TOTAL

Consumption
1976-77
PJ/yr

836
310

1,317
256
169
97
0

2,985

Production
1976-77
PJ/yr
1,923

310
1,000

256
169
97

231
(or

13,860)

3,986

Reserves
in 1977^

PJ

580,000
380,000

14,100
11,900W

(Not Estimated)
(Not Estimated)

160,000
(or

9,600,000)

1,146,000

Rcserves-to-
Production

Ratio

302
1,226

14
46
—

—693

(1) Table based on data published by the Department of National Development, Joint Coal
Board, National Energy Advisory Committee (NEAC), with additional data supplied by
the AAEC.

(2) Reserves means those which are demonstrated and economically recoverable.
(3) The data for consumption are for petroleum products including refinery fuel, LPG and

naphtha used as fuel. Data for production and reserves include crude oil, condensate
and LPG.

(4) A significant proportion of an additional 18,000 PJ of natural gas from the N.W. Shelf
is described by NEAC as bordering on being economically producible.

(5) Electricity generated was 13.7 TWh (49 PJ), and this has been modified to give an
equivalent thermal input assuming a steam plant efficiency of 29 per cent.

(6) The 1976-77 production by Mary Kathleen Uranium Ltd was 412 tonnes uranium which
has been converted to a thermal energy equivalent of 231 PJ using a heat value of
0.56 Pi/l U which pertains to uranium used in thermal reactors. If uranium is used in
fast reactors the energy conversion ratio is increased at least 60 times to 13,860 PJ.
Similarly for data presented under Reserves. Only the smaller figure has been included in
the totals.
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levels, an additional 415 million barrels (2,500 PJ) of recoverable oil was
reclassified as commercial. Other discoveries now under evaluation in Bass Strait
may contain in excess of a further 300 million barrels (1,800 PJ).
| The National Energy Advisory Committee (NEAC) in its report, Australia's
Energy Resources : An Assessment (December 1977), quoted estimates of
undiscovered oil resources by F. Jeffries of ESSO Australia Ltd assigning a 90
per cent probability to the discovery of at least. 1,550 million barrels (9,000 PJ) of
additional oil and a 10 per cent probability to the discovery of at least 6,500
million barrels (40,000 PJ) of oil, with a mean estimate of at least 3,600 million
barrels (22,000 PJ). Oil companies are currently preparing to face the difficulties
and high costs of exploring the Exmouth Plateau. The Plateau, lying up to 600 km
off north-western Australia at water' depths ranging from 600 to 3,000 metres, is
regarded as offering Australia's best chance fo>: major oil discovery.

Despite cautious optimism about possible successes in oil exploration, there is
a growing acceptance of the need to restrain the rate of growth of energy con-
sumption in Australia, particularly in liquid fuels. In April 1978, the Department
of National Development published projections of energy growth for the 1990s
based on an assumed annual growth rate in the gross domestic product of 4 per cent.
These projections postulated an average annual growth rate of 4.1 per cent for
primary energy demand in the period 1976-77 to 1986-87, with an average annual
growth rate of only 2.7 per cent for petroleum products, reflecting higher oil prices
and fuel switching. By comparison, in the period 1960-61 to 1975-76 the demand
for petroleum products grew at an annual rate of 7.1 per cent. It should be noted that
these projections were made before the Commonwealth Government announced
in August 1978 its decision to raise the price paid by refiners for Australian crude
oil to import parity.

NUCLEAR POWER
NUCLEAR POWER PROGRAMS

The growth of nuclear power continued during the year despite many set-
backs. Five nuclear power stations began commercial operation during the past six
months and a further 31 stations are expected to start commercial operation by
the end of 1979. Of these, 15 already have reached the initial criticality stage. This
compares favourably with the total of 14 nuclear power stations which commenced
operation in 1978.

The present status of national nuclear power programs is shown in Table 3
for reactors over 30 MW* capacity. As the table shows there is already a firm
commitment to 523 reactors totalling more than 400 GW* in 32 countries. In
addition, there are relatively firm plans for a further 324 reactors of 324 GW
capacity in 45 countries. In total, 47 countries have some degree of commitment
to nuclear power. Since 30 June 1978 firm plans have been announced for 36
new power reactors; 22 will be in Communist countries. However, 13 units were
cancelled, indefinitely deferred or had firm plans cancelled during the year (12 of
these units were in the USA).

Overall, the continuous installation program is reflected in the increasing
percentage contribution by nuclear power to the world's installed electricity
generating capacity. In the European Economic Community, for instance, the total

* MW and GW = Megawatts and gigawatls net electrical unless otherwise stated.
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electricity generating capacity increased by 6,400 MW in 1978. Of this increase
4,320 MW (67 per cent) was nuclear, bringing the nuclear share at the end of
the year to 10 per cent of the total installed capacity.

In France, where the nuclear share was 13 per cent of total capacity at the
end of 1978, the government is pursuing its policy of increasing dependence on
nuclear power and plans to have 40 GW installed by 1985. Electricite de France
has been authorised to order a further 10 GW of nuclear power during the two
year period 1980-81, which is the same as in the previous period 1978-79. Initial
problems experienced with the first units of the pressurised water reactor (PWR)
installation program were reported to have been overcome so that the sixth unit
will only be six months late when it is connected to the grid in June 1979. Later
reactors are approximately on schedule. A period of five years is being allowed
from the start of construction to full commercial power for each of the first
900 MW class units on a site, and six years for each of the first 1,300 MW class
PWRs on a site (although Paluel 1, the first of the 1,300 MW class, is being
allowed seven years).

Nuclear power generated almost the same amount of electricity in West
Germany in 1978 as in 1977, for although one new nuclear power station came
on line in October 1978, two smaller, older units were off line for the whole year
pending decisions on the amount of additional safety equipment to be backfitted.
It was decided, however, to decommission one of the two reactors — KWL
Lingen, a boiling water reactor (BWR) of 256 MW capacity. In addition, one
nuclear power station, Biblis, operated at reduced power level to increase coal
usage. Any further progress in the West German program depends on the
satisfactory resolution of safety aspects of the proposed waste storage facility at
Gorlebsn and other fuel cycle facilities since permits for new reactors require a
satisfactory solution to the nuclear waste problem.

Nuclear power contributed about 2.4 per cent of the total electricity generated
in Italy in 1978. The Italian Government wishes to build at least eight more power
reactors and has warned that rationing of electricity may have to be introduced if
they are not built. There is strong local opposition to the sites selected.

At the end of 1978, nuclear power stations comprised 4 per cent of the total
installed electricity generating capacity in Spain, but produced 7.6 per cent of
the electricity generated. At present seven more reactors are under construction in
Spain. The National Energy Plan calls for a further three reactors to bs in
operation by 1987.

In Norway, after a two-year study, a Royal Commission has concluded that
nuclear power stations could be built in Norway without unacceptably high risks.

Uncertainty pervades the nuclear power industry in the USA. Although
President Carter has reaffirmed his commitment to nuclear power, utilities are not
committing themselves to any large-scale programs. Even so, nuclear power now
contributes 10 per cent of the total installed capacity and official projections show
this percentage to be increasing.

Plans have been announced for the construction of six more 900 MW reactors
in Taiwan to begin operation in the period 1988-93. Taiwan is already committed
to the construction of nearly 5 GW of nuclear power by 1985. This will increase
the percentage of nuclear capacity to 34 per cent of the total in that year. Similarly,
nuclear power is expected to meet almost 32 per cent of South Korea's electrical

14



TABLE 3

NUCLEAR POWER UNITS ABOVE 30 MW
IN OPERATION, UNDER CONSTRUCTION OR ON ORDER

AS AT 30 JUNE 1979

Country

Argentina
Belgium
Brazil
Bulgaria
Canada
Cuba
Czechoslovakia
Finland
France
Germany DR
Germany FR
Hungary
India
Iran
Italy
Japan
Korea RO
Mexico
Netherlands
Pakistan
Philippines
Poland
Romania
South Africa
Spain
Sweden
Switzerland
Taiwan
United Kingdom
USA
USSR
Yugoslavia
TOTAL

In Operation(1)

No.
1
3

—2
10

—2
1

12
4

10
—
3

—
3

20
1

—2
1

—

—
—
—3

6
3
I

33
69
22
—

212

MW<4>
319

J,650

—
820

5,470

—
520
420

4,703
1,305
6,698

—
582

—
608

12,325
564
—

502
125
—

—
—
—

1,073
3,741
1,006

604
8,094

50,291
8,743

—
110,163

Under
Construction^)

No.
1
2
3
2
6
1
7
3

25
3

13
2
5
2
2
5
2
2

—
—1

1

—1
7
4
3
3
6

75
21

1
209

MWW

600
1,855
3,116

820
3,329

410
2,870
1,740

23,950
1,230

14,012
820

1,082
2,480

880
4,321
1,234
1,308

—
—600

410

—
922

6,342
3,624
2,787
2,506
3,700

80,411
17,828

632
185,819

On OrderW

No.

—2

——
8

—
—

1
13

—
4
2

—
2
4
5
2

—
—
——
i —
2
1
5
2

—
2

—
47

—
—

102

MW<4>

—
2,000

—
—6,076

—
—953

14,400

—4,515
820

—1,850
3,868
4,286
1,800

—
—
—
—
—820

922
4,740
2,120

—
1,850

—53,968

——
104,988

Total

No.
2
7
3
4

24
1
9
5

50
7

27
4
8
4
9

30
5
2
2
1
1
1
2
2

15
12
6
6

39
191
43

1
523

MWW
919

5,505
3,116
1,640

14,875
410

3,390
3,113

43,053
2,535

25,225
1,640
1,664
4,330
5,356

20,932
3,598
1,308

502
125
600
410
820

1,844
12,155
9,485
3,793
4,960

11,794
184,670
26,571

632
400,970

(1) In Operation = Commercial operation approved.
(2) Under Construction = Finance available and construction permit issued.
(3) On Order = Firm order placed.
(4) MW = Capacity in net electrical megawatts (106 watts).
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requirements by 1986. Orders arc expected soon for two more 900 MW units
and bids for a further two may be called before the end of J979. South Korea
hopes to phase out the installation of new oil-fired generation by 1983. There is
considerable doubt about the future of nuclear power in Iran, except that two
reactors being supplied by the West German company KWU will probably be
completed.

There is little uncertainly about the intent of the USSR nuclear power
program, although specific details may be difficult to obtain. The main division
of the heavy nuclear components plant near Volgodonsk began official operation
in December 1978. All three divisions are planned to be in full operation by the
end of 1980 when the maximum production capacity of the plant will be eight
1,000 MW VVER reactor component sets a year. Nuclear power, which will
account for 4 to 5 per cent of the total generating capacity by the end of 1979,
is planned to be increased to about 20 per cent by 1990. Elsewhere in COMECON
countries, negotiations between Romania and Canada are progressing satisfactorily,
and construction of the first of four CANDU reactors is expected to start in 1980.
The Romanian nuclear program calls for the building of up to 16 nuclear power
plants over the next 20 years.

FAST BREEDER REACTORS

The development of fast breeder reactors continued in a number of countries.
In West Germany, the KNK II reactor reached its full design power in March 1979;
the 19 MW experimental reactor will be used mainly as a test bed for fast reactor
fuel elements. In the USSR, the BN600 fast reactor is ncaring completion, although
equipment delays may push back the planned 1979 start-up. The first USSR
full-size commercial fast reactor BN1600, which will generate 1,600 MW, is planned
for operation in 1989. In the same country, a 300 MW gas-cooled fast breeder
reactor is also at an advanced stage of design.

Construction of the 1,200 MW Super Phcnix fast reactor continued in France,
but Electricite de France announced that orders for a second generation Super
Phenix may not be placed before 1984. In Britain, it appears that a 1,250 MW
commercial fast reactor will be delayed by a year or two, so that construction
may not begin before 1985.

Argument about the Clinch River breeder reactor in the USA has not yet
been resolved, but maintenance of the fast breeder reactor option has been proposed
through a strong research and development program which would include a
conceptual design study for a reactor in the range 600-900 MW.

ACCIDENT AT THREE MILE ISLAND

On 28 March 1979, there occurred the most serious accident yet to have
happened at a commercial nuclear power station. The plant involved was the
Three Mile Island Unit 2, a 905 MW pressurised water reactor located about
16 km from Harrisburg, Pennsylvania. The unit, which was designed by
Babcock and Wilcox, is operated by the Metropolitan Edison Co. for a
consortium of three utilities owned by a holding company, General Public Utilities
Corp.

A review of the accident and its implications are discussed in Chapter 4.
However, in spite of the potential seriousness of the accident and the extensive
damage to the plant, the off-site doses to the public associated with radioactive
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material released during the course of the accident were slight. This was due to
the highly effective protection afforded by the containment building.

It now appears that the full impact of this event on the future of nuclear
power generation in the USA will be reflected in stricter safety requirements,
particularly in operator training and qualification and emergency response
procedures. Some important modifications to plants of similar design to Three Mile
Island have been made already. The possibility cf a moratorium on nuclear power
generation, or a drastic reduction in the current program which was being pressed
for by some influential groups in the US Congress immediately after the accident,
does not appear to be likely now in the wake of the President's energy strategies.

REFERENDA ON NUCLEAR POWER

Matters associated with nuclear power were put to the vote in national
referenda in Austria on 5 November 1978 and in Switzerland on 18 February
1979.

IP. a turn-out of 64 per cent of the five million eligible voters in Austria,
the question concerning start-up of the country's only nuclear power station at
Zwentendorf was resolved in the negative. The yes vote, favouring start-up of the
reactor, was strongest in the more populated areas and those closest to the reactor
site, but overall the issue was defeated by 50.5 per cent against. It would be difficult
to draw any firm conclusions regarding nuclear power as a separate issue from this
referendum since other political factors arose at the time of the vote.

This defeat has placed the would-be operators in a very difficult situation
financially. The station cost $510 mill ion to build and had been awaiting
authorisation to load fuel for more than 18 months, with each clay's delay costing
the utility some $270,000. The ban on the start-up will cost Austria up to $180
million a year in additional coal and oil imports, and there is doubt as to whether
or not the utility will be permitted to raise electricity rates by the 5.2 mills/kWh
estimated to be the additional cost of the non-nuclear option.

In Switzerland, the electorate was asked to vote on a popular initiative on
18 February 1979 and a referendum on 20 May 1979, both of which were
associated with nuclear power. The former sought to introduce into the Swiss
Constitution new and more-limiting requirements for the award of operating
permits. The initiative was defeated by a close margin. However, the referendum,
which referred to the imposition of more stringent conditions on nuclear plant
construction, was passed with a vote of 69 per cent. The vote was generally
interpreted as an understanding that there would be a tougher stance on nuclear
development.

NUCLEAR POWER STATION CAPACITY FACTORS

The ratio of the power actually produced in a given period to the total
maximum amount that could be produced is referred to as the capacity factor for
the station. The average capacity factor for 1978 for nuclear power reactors in
the Western World was 60 per cent, which was 2 per cent higher than the previous
year. This change was attributable to the improved performance of boiling water
reactors (BWR) (up 6 per cent) and heavy water reactors (HWR) (up 5 per
cent). Pressurised water reactors (PWR) maintained their average at 64 per cent
and gas-cooled reactors stayed almost unchanged at 58 per cent. Different values
of capacity factor may be quoted by other sources, depending on power ratings
used in the calculation. The figures quoted here are based on design power ratings.
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These averages also include a number of new plants that yield the characteristically
low capacity factors at the running-in phase. The asymptotic capacity factors for
mature reactors arc about 65-70 per cent for most types.

By way of comparison, data from the Edison Electric Institute relating to fossil
plant performance in the USA for 1975 and 1976 show that coal-fired plants
above 400 MW and nuclear plants have capacity factor averages lying within 2 per
cent of each other.

GROWTH OF NUCLEAR POWER
Although the number of nuclear power stations entering operation shows an

increase over previous years, the forecast growth again declined. Table 4 shows
projections for countries and groups of particular interest and is based on the
most current and authoritative information available on the programs of individual
countries, extrapolated to the end of the century if necessary.

The spread of values for 1990 and bzyond illustrates the uncertainties
involved in such estimates.

Projections for the Western World arc also shown in Figure 1 in comparison
with projections published in earlier issues of the Commission's Annual Report.
This Figure shows the fairly steady decrease since 1974-75, a characteristic which
is also reflected in similar projections from the Organisation for Economic Co-
operation and Development (OECD). Both arc due to the general downward
revisions of nuclear programs in individual Western nations.

To some extent these changes are a consequence of normal slippages in
current construction schedules and increased environmental constraints, but the
major effect on the long-term prospects has been the unsettled state of the world
economy in recent years. This has led to a reduction in total electricity consumption
growth rates with a consequent elTcct of lowering the growth rates projected to
the end of the century. The reduction in forecast total demand has caused reduc-
tions in planned new generating capacities of all types. The higher capital costs
(albeit lower power costs) of nuclear power stations, in comparison with coal-
fired power stations, their longer lead times, uncertainties in future national
regulatory requirements, and the uncertain economic outlook in many countries
have produced a disproportionate reduction in forecast nuclear capacities.

Countering this reduction has been the growing realisation in most developed
countries that increased supplies of electricity are vital to continued economic
growth and this can b2 achieved only through expansion of both coal-fired and

TABLE 4

ESTIMATES OF INSTALLED NUCLEAR CAPACITY (GW)

Year

1978
1980
1985
1990
1995
2000

USA

50.3
62.2
105

140-170
185-225
230-295

Japan

11.0
14.5
20

34-45
50-68
62-91

W. Europe

27.6
55.0
98

130-165
1 60-235
195-320

W. World

95.1
141
251

350-440
460-640
570-885
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Figure 1. Variations in mid-
range forecasts for the
Western World prepared by

AAEC.

200O

199O

1985

1980

nuclear generation. Thus the Western World's nuclear capacity by the end of the
century could well be higher than is currently projected if these countries take
appropriate steps to promote 'higher economic growth rates.

FUSION
The practical utilisation of the energy released when two light elements such

as deuterium (2H) and tritium (3H) coalesce into helium remains a hope for the
future, and the problems are slowly being resolved. The conditions for fusion are
that the reacting ionised atoms require sufficient energy to overcome the electro-
static repulsion between them and this condition may be satisfied in hot plasmas
at temperatures above 50 million °K. A net release of energy requires the product
of the plasma ion density and the plasma confinement time for that density and
temperature to exceed some minimum value.

The first major advance towards achieving these conditions arose in the late
1960s when, in a USSR toroidal (doughnut) chamber, a plasma was heated and
confined by a large electric current in the plasma, and by strong external magnetic
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confinement of the plasma within the toroidal vessel. The temperatures achieved
with this resistive heating of the plasma are limited, and additional means of
heating are required to reach the temperatures necessary for fusion. Many larger
"tokamaks" built since then have shown that the energy confinement time has
improved as the linear dimensions of the apparatus have increased, and that the
instabilities experienced in the early apparatus could be controlled. Energy
containment times of 50-100 milliseconds are obtained in the current tokamaks,
and those now under construction — the US Tokamak Fusion Test Reactor
(TFTR) and the Joint European Torus (JET) — are expected to bring significant
progress towards achieving the minimum containment times necessary for fusion
power reactors of about 10 seconds at temperatures of 100 million °K.

Temperatures of greater than 50 million °K, which is regarded as the ignition
point for fusion, have been achieved in the US tokamak known as the Princeton
Large Torus (PLT), by injecting 2 MW of high-energy neutral atoms into the
plasma. Great importance is being placed on the fact that ion containment did not
deteriorate at these temperatures under plasma conditions, contrary to predictions
that there would be increased energy transport loss from the plasma. These
anticipated losses were expected to occur when the operational temperature
produced ion mean free paths sufficiently large to avoid ion collisions in the
plasma. Such conditions were approximated in the PLT by a reduction in the
plasma density, but no instabilities or reduced confinement times were found.
This has generated optimism that break even conditions could be achieved in the
next stage of tokamak development.

Construction of JET and TFTR for operation in the late 1980s should
provide plasmas approaching those of fusion power reactors and it is believed
that ignition — where fusion energy released would just equal the enerav lost by
absorption, radiation and conduction — could be achieved in the TFTR, given
sufficient neutral beam injection capacity.

As prospects for achieving fusion break even become clearer, reactor concepts
have been proposed and examined in considerable depth. Factors to be resolved
before fusion power can become a reality have been established, including those
of large magnetic fields, irradiation behaviour of the vacuum vessel wall under
intense fast neutron irradiation, the storage of large quantities of energy, tritium
and induced radioactivity and maintenance. It seems likely that, when analysed
in detail, the fusion reactors will be found to have many of the advantages and
disadvantages of fission reactors.

An alternative to magnetic confinement of the plasma is inertial confine-
ment. In this scheme, intense pulses of laser, electron or ion beam irradiation heat
and compress a pellet of deuterium and tritium to conditions where fusion reaction
occurs in sufficient quantity to achieve a positive energy release before the expansion
following the explosion reduces the density and temperature below ignition values.
Major advances have been made in the power output achievable from focused
laser beams and in their ability to compress plasma to high densities.

The Commission has continued the secondment of staff to three Australian
universities involved in plasma physics studies. The University of Sydney has been
assisted in the construction of a small tokamak, similar in size to that at the
Australian National University (ANU), Canberra. The ANU has commenced a
design study of a novel stellarator idea which would make use of its large homo-
polar generator current.source. The stellarator is similar in concept to the tokamak,
but confinement is provided by external current rather than by plasma current.
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2
URANIUM

WORLD URANIUM RESOURCES
The most recent estimates of major world resources of uranium are sum-

marised in Table 5. These estimates, with the exception of more recent figures for
the USA, Canada and Australia, are from the report Uranium — Resources,
Production and Demand, December 1977, published by the Nuclear Energy
Agency (NEA) of the Organisation for Economic Co-operation and Development
(OECD) and the International Atomic Energy Agency (IAEA). This report is
one of a series of surveys prepared by a joint OECD NEA/IAEA Working Party on
Uranium Resources. The next report in this series is planned to be published
later in 1979. Commission staff participate in the preparation of these reports.

The resource classification of "Reasonably Assured Resources" in the lower
cost category can be considered as reserves in the mining sense. Due to rising
costs for exploration, development and production, the OECD NEA/IAEA
Working Party increased the cost range for this lower cost category from less
than US$26/kg U (US$10/lb uranium oxide (UaOs)) in 1970 to less than
US$80/kg U (US$30/lb U:(O8) in 1977. Between 1970 and 1979, Reasonably
Assured Resources in the category increased from 840,000 tonnes U to 1,663,300
tonnes U.

A program known as the International Uranium Resources Evaluation
Project is being undertaken by the OECD NEA/IAEA Steering Group on Uranium
Resources. As the first phase of this project, an assessment was prepared of the
potential for discovering uranium resources beyond those described in the series
of reports: Uranium — Resources, Production and Demand. This assessment was
published in December, 1978 under the title World Uranium Potential — An
International Evaluation.

Speculative Resources, which refer to uranium additional to that classified
as Reasonably Assured Resources and Estimated Additional Resources, were
estimated at 6.6 to 14.8 million tonnes U. The Steering Group on Uranium
Resources emphasised that even if these Speculative Resources exist there is no
guarantee that the resources will be discovered or, if discovered, that they can be
made available. Commission staff participate in the Steering Group.
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TABLE 5: ESTIMATED WORLD RESOURCES OF URANIUM*')

(tonnes uranium)

Country

Algeria
Australia*5'
Canada(6)

France
Gabon
India
Niger
South

Africa*7'
Sweden
USA*«)
Other

Countries*9)

TOTAL

Cost Range to
US$80/kg U*2)

(US$30/lb U30s)

Reasonably
Assured

Resources*3)

28,000
292,000
172,000
37,000
20,000
29,800

160,000

306,000
1,000

531,000

86,500

1,663,300

Estimated
Additional

Resources*4)

50,000
127,000
404,000

24,100
5,000

23,700
53,000

34,000
3,000

773,000

43,800

1,540,600

Cost Range
US$80-130/kg U*2)
(US$30-50/lb U;!OS)

Reasonably
Assured

Resources*3)

—
12,000
17,000
14,800

—
—
—

42,000
300,000
177,000

44,900

607,700

Estimated
Additional

Resources(4)

—
12,000

302,000
20,000
5,000

—
—

38,000

—
385,000

38,000

800,000

1I) Data for countries other than Australia, USA and Canada from Uranium — Resources,
Production anil Demand. Joint report by the OECD Nuclear Energy Agency and the
International Atomic Energy Agency (Paris, December 1977). No estimates are available
for the USSR, Eastern Europe and China.

(2) US$ per kilogram U is the accepted international method for quoting yellowcake costs
and prices. These cost categories must not be confused with market prices; previous
development costs or profits are not included. US$80 per kilogram U = US$30/lb UaOs
approximately.

(3) "Reasonably Assured Resources" refer to uranium that occurs in known mineral deposits
of such size, grade and configuration that it could be recovered within the given production
cost ranges, with currently proven mining and processing technology. Estimates of tonnage
and grade are based on specific sample data and measurements of the deposits and on
knowledge of deposit characteristics. "Reasonably Assured Resources" have a high
assurance of existence and in the cost category below US$80/kg U (US$30/lb UnOs) are
considered as "Reserves".

(4) "Estimated Additional Resources" refers to uranium in addition to "Reasonably Assured
Resources" that is expected to occur, mostly on the basis of direct geological evidence,
in extensions of well-explored deposits, l i t t le explored deposits and undiscovered deposits
believed to exist along a well-defined geological trend with known deposits. Such deposits
can be identified, delineated and the uranium subsequently recovered, all within the given
cost ranges. Estimates of tonnage and grade are based primarily on knowledge of the
deposit characteristics as determined in its best known parts or in similar deposits. Less
reliance can be placed on the estimate in this category than for "Reasonably Assured
Resources".

(5) Data for Australia compiled by AAEC as at 30 June 1979. "Estimated Additional
Resources" are confined to those known uranium deposits where there are insufficient
data to classify the resources as "Reasonably Assured", and to extensions of known
deposits beyond the limits of "Reasonably Assured Resources" in those deposits.

(6) The resources for Canada are reported as being minable at prices up to US$110 per
kilogram U and between US$110-160 per k'ilogram U. 1977 Assessment of Canada's
Uranium Supply and Demand, Department of Mines, Energy and Resources, June 1978.

(7) Includes Namibia.
(8) US Department of Energy, Department of Energy News, No. 79-47, 25 April 1979.
(9) Argentina, Austria, Bolivia, Brazil, Central African Empire, Chile, Denmark (Green-

land). Finland, Federal Republic of Germany, Italy, Japan, Korea, Madagascar, Mexico,
Philippines, Portugal, Somalia, Spain, Turkey, United Kingdom, Yugoslavia, Zaire.
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AUSTRALIAN URANIUM RESOURCES

Australia's reasonably assured uranium resources recoverable at less than
US$80/kg U (i.e. reserves) at 30 June 1979 totalled 292,000 tonnes uranium.
This was an increase of 2,000 tonnes on the total of the previous year. No efforts
were made in Australia during the year to undertake further exploration to increase
the reserves of the major uranium deposits. In South Australia, drilling continued
at Olympic Dam on Roxby Downs, but more information is required to assess
the resource.

The total of 292,000 tonnes uranium at 30 June 1979 represents about 17.6
per cent of the Western World's reasonably assured resources recoverable ai up
to US$80/kg U. The rate at which uranium reserves are being proved in other
countries is reflected in this decrease in the percentage of the Australian reserves.
Australia's reserves represented 21 per cent of the Western World's reasonably
assured low cost resources at 30 June 1976.

The reasonably assured resources recoverable in the cost range USS80 to
US$130/kg U at 30 June 1979 now total 12,000 tonnes, an increase of 3,000
tonnes on the previous year.

Estimated additional resources recoverable at less than US$80/kg U have
increased by 80,000 tonnes to 127,000 tonnes. The Commission's estimates of
additional resources are made as indicated in the notes to Table 5 and as such
are more restrictive than the definition by the OECD NEA/IAEA.

Estimated additional resources in the cost range US$80 to US$130/kg U
have bsen increased by 6,000 tonnes to 12,000 tonnes.

WORLD URANIUM, CONVERSION, AND
ENRICHMENT REQUIREMENTS

Estimates of uranium, conversion and separative work requirements have
been based on the nuclear power projections given in Table 4 (Chapter 1) and
reflect the continuing trend of nuclear power program slippages and cancellations.
Nuclear fuel cycle requirements are estimated for each of the "High", "Best" and
"Low" estimates for nuclear power, with some variation in the fuel cycle
assumptions relating to each estimate, e.g., average plant capacity factors and the
extent of uranium recycle.

The forecasts for nuclear fuel cycle requirements for the Best growth rate
considered for nuclear power are given in Tables 6 and 7 at intervals from 1978
to 1995. The High and Low requirements for the corresponding nuclear power
growth rates are presented in Figures 2, 3 and 4.

CURRENT URANIUM PRODUCTION
World production for 1978 was estimated at 34,000 tonnes uranium and

continued to expand rapidly.
In the USA, 1978 output was a record 14,230 tonnes uranium, an increase

of 24 per cent on 1977. It is the highest output since 1960-62 when production
was about 13,500 tonnes a year. Ore grade, however, declined to 0.13 per cent
U;iO8 and recovery to 91 per cent. Production included 1,305 tonnes uranium
recovered from solution mining, phosphates and mine waters. These less con-
ventional sources of uranium are increasing in importance. Currently in operation
are seven commercial solution mining projects, one phosphate recovery unit and
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TABLE 6

ANNUAL REQUIREMENTS FOR URANIUM, CONVERSION
AND ENRICHMENT
(AAEC Best Estimates)

URANIUM — IN

USA
W. EUROPE
JAPAN
W. WORLD
CONVERSION S

USA
W. EUROPE
JAPAN
W. WORLD
ENRICHMENT S

USA
W. EUROPE
JAPAN
W. WORLD

1978 1980 1985

I THOUSAND TONNES U/YEAR

8.7
10.1
2.0

22.'3
ERV1CES —

8.9
8.7
2.3

20.5
.ERVICES -

7.6
6.2
2.0

16.3

10.6
12.1
2.5

27.2
IN THOUS/

11.4
10.5
2.5

25.4
- IN MILLK

9.5
7.2
1.8

18.9

18
17
4

44
\ND TONNE

18
14
4

39
)NS SWU/Y

13
11
3

29

1990

24
20

6
59

iS U/YEAR

24
21

6
57

EAR'
18
16
4

42

1995

30
25

8
76

29
27

9
74

22
21

7
57

NOTE: Estimates at 0.2% 235(j enrichment tails assay.

TABLE 7

CUMULATIVE REQUIREMENTS FROM 1978 FOR URANIUM AND
ENRICHMENT SERVICES

(AAEC Best Estimates)

URANIUM — IN

USA
W. EUROPE
JAPAN
W. WORLD
ENRICHMENT J

USA
W. EUROPE
JAPAN
W. WORLD

1978 1980 1985

THOUSAND TONNES U

8.7
10.1
2.0

22.3
SERVICES -

7.6
6.2
2.0

16.3

32.7
33.7

6.5
77.4

-IN MILLK

24.6
18.8
5.1

49.6 •

111
104
23

259
DNS SWU

80
64
16

168

1990

221
200

47
522

161
133
34

352

1995

357
319

85
868

266
227

63
606

NOTE: Estimates at 0.2% 235U enrichment tails assay.
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several smaller experimental developments. Four phosphate units are under con-
struction and others are firmly planned. Recovery from phosphates alone could
exceed 1,500 tonnes uranium a year by 1981.

There are about 250 underground mines producing uranium in the USA
and they provide about 60 per cent of US uranium output. The balance is from
about 35 open pit mines. Two-thirds of the underground mines each produce less
than one tonne uranium a year.

Ore was processed in 21 mills with a total capacity of 41,000 tonnes ore a
day. During the year mills were commissioned by Western Nuclear Inc., near
Wellpinit, Washington (1,800 tonnes ore/day), Getty Oil Company, Shirley Basin,
Wyoming (1,350 tonnes ore/day), and Cotter Corporation, Canon City, Colorado
(900 tonnes ore/day). A further 13 mills are under construction or planned for
operation by 1983.

Output for 1978 from Canadian producers was 6,800 tonnes uranium,
a 26 per cent increase on 1977. Expansion by Denison Mines Ltd and Rio
Algom Mines Ltd, together with committed and planned projects in Saskatchewan,
could double Canadian production by 1985.

South African gold mines increased uranium recovery by 24 per cent to 3,840
tonnes uranium. A major contributor was the improved production from the Joint
Metallurgical Scheme which treated residues from six gold mines. Production also
increased at several existing gold mines and both the Randfontein mine and East
Rand Gold and Uranium Company (ERGO) project began production. The
ERGO project re-treats old gold tailing dumps. Further expansion at existing
mines is under construction and the development of other projects is being studied.

In Namibia, it has been reported that repairs and modifications to the Rdssing
mill were completed during 1978. Production for 1978 was 2,700 tonnes uranium.
Expected output for 1979 is about 3,500 tonnes.

Domestic production in France was 2,180 tonnes uranium and about 1,000
tonnes uranium was imported from Gabon as a pre-concentrate for final processing.
Production in Niger was 2,060 tonnes.

CONTRACT ACTIVITY AND PRICES
Commi.ments for new sales contracts in the USA during 1978-79 were at a

low level similar to last year, as both buyers and sellers re-appraised the market.
The spot market in the USA has been quiet during the year except for some activity
by non-US buyers seeking to obtain benefits in prices arising from depreciation of
the US dollar. However, US utilities continue to show firm interest in long-term
commitments and new US producers were able to obtain sufficient contracts to
support development.

Outside the USA, South African producers also obtained contracts for
increasing production. There were no reports of major new contracts from
Canadian producers, although several large developments are pending. Niger and
Gabon 'have committed production to European and Japanese participants in joint
ventures.

For the medium term (1982-85), buying pressure has been reduced due to
continued delays in nuclear plant construction and the relaxation by the US
Department of Energy (DOE) of early feed delivery requirements on enrichment
contracts. Over the same period, the potential for new production remains high.
If this potential is realised, production capacity will exceed demand for some
period.
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Inventories of uranium held by both US and non-US utilities presently amount
to about two years' forward requirements. These inventories will inevitably increase
in the early 1980s through presently committed deliveries to be on average in
excess of three years' requirements in most countries. Some utilities will, of course,
have much greater and some will have much lower inventories than the average.
Whilst utilities are inclined to maintain one to two years' requirements in
inventories as a safeguard against disruptions in supply, there could be moves to
reduce high inventory levels through inter-utility trading in the early 1980s. This
could further depress the demand for new production.

In the long term (beyond 1985), confidence in nuclear power growth and
hence the demand for uranium remains high. Some buyers continue to express
interest in long-term contracts commencing in the early 1980s, but the demand
should develop substantially from the mid-1980s.

Buyers are encouraging production from new sources as a means of diversify-
ing sources of supply. In addition, there remains an interest by buyers in direct
investment in new exploration and development. Present indications are that new
production centres, beyond those presently proposed, will be required to meet
demand beyond 1985.

Continued rises in the price of oil are not expected to increase the demand
for uranium in the short term (to 1985) because of the time required to construct
and commission new nuclear plant. There could be an adverse effect if high oil
prices result in a decrease in economic activity (as occurred in 1973-75) with a
consequent reduction in the growth of demand for electricity. The u r an ium market
has not reacted significantly to the Harrisburg incident (again because of the time
lag involved) nor is this incident likely to be a major factor in long-term growth.

During the year spot prices were reported firm at about US$43/lb U^Os
($A100/kg U) and the low prices on earlier long-term contracts continued to be
renegotiated upwards. The annual DOE market survey reported a mean value of
US$18.50/lb U:!O.s ($A43/kg U) for 1978 deliveries to US utilities. Rio Algom
Ltd, a major Canadian producer, reported avcrase sales at Can$25.39/lb U;)OS
($A50/kg U) for 1978 deliveries.

MANUFACTURE OF URANIUM HEXAFLUORIDE

Pure gaseous uranium hexafluoride is the feed material for all commercial
enrichment processes. Purification and conversion of crude uranium ore con-
centrates into hexafiuoride is an essential stage in the production of enriched fuels
required by the majority of nuclear power reactors.

The demand for conversion services in the Western World is met by five
commercial producers of uranium hexafluoride: two in the USA and one each
in Canada, France .and the United Kingdom. The present capacities and planned
expansion of these plants are shown in Table 8. At the present time, there L ; i
excess of production capacity (about 44,000 tonnes U./year) over demand (about
20,000 tonnes U/year), but planned expansion is expected to satisfy demand
until the early 1990s.

During the past three years the capital cost of new conversion plant may
have increased in real terms by more than 50 per cent due largely to increased
standards for environmental protection. A conversion plant built in Australia, of
capacity 5,000 tonnes U/year, has been estimated to cost at least $A70 million.
Contract price of conversion services is about US$4.80/kg U ($A4.40/kg U).
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TABLE 8

COMMERCIAL CONVERSION PLANTS IN THE WESTERN WORLD

USA

CANADA

FRANCE

UK

Owner

Allied Chemicals
Kcrr-McGec

Eldorado

Comurhcx

British Nuclear
Fuels Ltd

Location

Metropolis, 111.
Sequoyah, Okla.

Port Hope, Ont.

Pierrelatte

Springfields

Present
Capacity
(tonnes
U/year)

12,700
9,000

5,000

9,000

8,000

Planned
Expansion

(tonnes U/year)

—
10,000(1980)
20,000(1984)

11,000(1980)

10,000
possibly 15,000

(mid-1980's)

National developments in the production of uranium hexafluoridc are as
follows.

Canada
Eldorado Nuclear is planning construction of two hexafluoride conversion

plants, each of capacity about 10,000 tonnes U/year in the early 1980s. Capital
cost estimates for the first plant are in the range Can$100-140 million (SA77-107
million) dependent on plant siting and possible use of existing infrastructure.
Possible sites are being assessed at three locations in Ontario — near the existing
refinery at Port Hope, at Sudbury, and at Blind River near Elliot Lake. The second
plant is being considered for siting at Warman, Saskatchewan.

United Kingdom

British Nuclear Fuels Ltd envisages a further increase in capacity, possibly
to 15,000 tonnes U/ycar by the mid-1980s dependent on market requirements.

USA

Kerr-McGee Corporation has adapted the Sequoyah conversion plant to
accept a feed of diuranate slurry at a cost of US$215,000. This operation is
expected to reduce overall costs in recovery and conversion of uranium from
in situ mining heap leaching operations and phosphoric acid manufacture as well
as eliminating uranium oxide dust effluents resulting from calcination, crushing
and packaging of conventional yellowcake. Kerr-McGee has announced also its
intention to accept about 150 tonne U/year of impure uranium tetrafluoride from
phosphates for conversion into hexafluoride over the next five years.

Allied Chemical Corporation has not announced any plans for future
expansion of its hexafluoride production capacity.

Babcock and Wilcox operates a pilot-scale conversion plant of capacity
200-300 tonnes U/year and has been reported to be considering construction of
a commercial-scale plant for operation in the mid-1980s.
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ENRICHMENT
WORLD ENRICHMENT CAPACITY

Europe
In Europe, the EUROD1F plant has begun production and additional

enrichment capacity is under construction by URENCO. Apart from approval
to proceed with additional URENCO capacity, there have been no other new
approvals or commitments during the year.

The EURODIF diffusion enrichment plant at Tricastin, France, began
production of enriched uranium in January 1979 and full capacity of 10.8 million
separative work units (SWU) is scheduled for 1981. The plant design is said to
permit very flexible operation, with the possibility of varying production by about
15 per cent above and 25 per cent below nominal capacity. It will require
approximately 900 operating staff when it reaches fu l l capacity.

No decision was made on the proposed COREDIF plant. An initial capacity
of 2 million SWU/year has been proposed with later expansion to approximately
10 million SWU/year. The shareholders of EURODIF are organisations in France,
Italy, Belgium, Spain and Iran, while the COREDIF shareholding is divided
between the EURODIF company and Iran.

URENCO's first two commercial enrichment plants at Capcnhurst, England,
and at Almelo in the Netherlands, will attain their design capacities during 1979
of 200,000 SWU/year each. Construction has begun of additional capacity, two
200,000 SWU/year sections of an eventual one million SWU/year plant at Almelo
and 200,000 SWU/year at Capenhurst. This capacity is planned to be completed
over the period 1982-84. Preliminary siting approval is being sought by URENCO
Deutschland for a plant with initial capacity of about 330,000 SWU/year at
Gronau, West Germany. Total planned capacity by URENCO for the mid-1980s
is 2 million SWU/year, with subsequent expansion depending on increases in the
available market for enrichment services.

USSR
Techsnsbexport of the USSR has continued to supply enrichment services

to Western European utilities under contracts which provide for a total of 2 to 4
million SWU/year unti l 1990.

USA
The Cascade Improvement and Upgrading Programs (CIP and CUP) in the

US Department of Energy (DOE) diffusion plants at Oak Ridge, Portsmouth and
Paducah are proceeding on schedule. The programs, which were first funded in
1971, will.be completed in J981. However, the combined plants are not planned to
reach their full capacity of 25.6 million SWU/year unti l 1985, due to the
unavailability of electric power. The DOE plants supplied a total of 11.6 million
SWU in 1978.

Construction work on DOE's centrifuge enrichment plant at Portsmouth
bsgan early in 1979. DOE has sent a request for proposals for commercial produc-
tion of centrifuges to eight companies. In the first phase of selecting a manufacturer,
DOE expects to award two or three cost-reimbursible contracts in September 1979
for supply of centrifuge machines for its Centrifuge Production Demonstration
Facility (CPDF) at Oak Ridge and for the initial capacity at Portsmouth. In the
second phase, starting in 1984, DOE proposes to award contracts to two of the
selected contractors for supply of the remaining centrifuges required for the initial
2.2 million SWU/year capacity at Portsmouth. Commercial production at
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Portsmouth is scheduled to begin in 1987, with the plant reaching its initial capacity
in 1988. Additional capacity increments of 1.1 million SWU/year will be added as
the market requires, and it is projected that ful l plant capacity of 8.8 million
SWU/year will be reached in 1993. Electrical power required will be 135 MW at
full capacity.

Other Countries

Installation of centrifuge machines began in January 1979 at Japan's 50,000
SWU/year capacity pilot plant at Ningyo-Toge. Estimated cost of the plant is
about US$200 million with completion scheduled for 1981.

Brazil's 200,000 SWU/year demonstration enrichment plant could begin
construction in 1979. Cost is estimated at US$183 million. The plant will use the
Becker nozzle enrichment process acquired from West Germany under the
technology purchase agreement signed in 1975 and will produce low enrichment
uranium for Brazil's domestic nuclear power program.

In South Africa, Uranium Enrichment Corporation of South Africa Ltd
(UCOR) has not announced the size of its planned small enrichment plant for
domestic markets. Previously, plans had been shelved for a large export-oriented
enrichment plant using the "Helikon" technique.

ENRICHMENT MARKET

DOE was the major supplier of enrichment services to the Western World
during 1978-79, the other principal supplier, Techsnabexport, providing about
30 per cent of the Western World's commitments outside of the USA. In October
1978, DOE announced increases in its prices on fixed-commitment contracts by
18 per cent to USS88.65/SWU from 20 December 1978. These prices will also
apply to the new adjustable fixed-commitment contracts. For requirements contracts,
the price increased provisionally by 3 per cent to the "ceiling charge" of US$85.88,
effective as at 24 April 1979. The ceiling charge, which is adjusted every six
months, applies to requirements contracts if it is less than the calculated charge,
which in this case is US$98.30. An "imputed interest" charge against government-
owned feed in the enrichment stockpile on both types of contracts has bscn
approved also, but DOE is not required to apply the charge.

On 1 October 1978, as a result of reduction in operating tails assay to 0.2
per cent 235U, DOE suspended its "split tails" program whereby customers provided
feed based on 0.2 per cent tails assay while DOE actually operated its three plants
at 0.25 per cent tails and made up the additional feed from its uranium stockpile.
DOE has decided also that its enriched uranium stockpile, now at more than 30
million SWU, is approaching an adequate level and has discontinued preproduction
of enriched uranium from its uranium stockpile.

DOE has finalised its new adjustable fixed-commitment contract. The new
contract offers greater flexibility to the customer, including features such as a
shorter five-year rolling program for firm commitments, shorter six-year lead time
for executing contracts, deferral of product deliveries, no early feed delivery and,
on conversion to the new type of contract, customers will be allowed to contract
for only a portion of a reactor's enrichment requirements and reschedule existing
delivery dates. Variations from contracted quantities are allowable, but a scale of
charges applies if changes are made within a short period before the scheduled
delivery dates. Although final results will not be available until September 1979,
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DOE estimates that deferred delivery schedules under the converted contracts
will reduce deliveries by about 28 per cent in 1980, tapering oil to J O per cent
in 1985 and to 6 per cent in 1990.

As a result of reassessment of their future requirements, some utilities have
taken the opportunity to cancel existing DOE contracts rather than convert them
to the new adjustable fixed-commitment contracts. Of the three cancellations
reported, two were West German (KKP, and RWE), and one was by Spain
(ENUSA). Both Spain and West Germany are partners in European enrichment
enterprises.

COMPARISON WITH ENRICHMENT REQUIREMENTS

Estimated supply of enrichment for the Western World is compared with
annual estimated requirements in Figure 5. Delays in planned nuclear power
programs and stockpiling by utilities have led to an excess of production over
requirements. In addition to the supply data in Figure 5 is a DOE stockpile of
about 30 million SWU, which provides a running inventory for plant operation
and may mitigate a shortfall in US production in the late 1980s.

DEVELOPMENT OF ENRICHMENT PROCESSES
Centrifuge Technology

Development of centrifuge technology is continuing in the UK, West Germany
and the Netherlands, USA, Japan, Australia and France.

Diffusion Technology
France continued to develop diffusion technology and is the only country to

plan the use of this technology for a future enrichment plant (CORED1F) since
the USA dropped its plans for a Portsmouth add-on diffusion plant in favour of
a centrifuge plant.
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Laser Technology
Laser isotope separation methods are claimed to have been proved in

principle but require further development before demonstration is possible on a
larger scale.

The US DOE is reportedly scheduling US$35 million in 1979 for research
and development of molecular and atomic laser uranium isotope separation
processes. An additional US$10 million was allocated for 1979 by Jersey Nuclear-
Avco Isotopes Inc. (JNA1) to develop an atomic uranium enrichment process using
lasers. Before the company commits a reported US$30 million on a test facility,
JNAI has submitted its process for government approval of its claimed consistency
with US non-proliferation objectives.

Other countries working on the development of molecular or atomic laser
isotope separation processes include Japan, Italy, France and Australia.

Other Enrichment Processes
In 1978 the USA, West Germany and France held talks on possible joint

research on the French-developed chemical exchange enrichment process. The
process is said to be unsuitable for producing highly enriched uranium due to long
equilibrium time and criticality limitations, and this is claimed to reduce the risk
of nuclear weapons proliferation.

REPROCESSING OF SPENT FUEL
The spent fuel produced during the generation of nuclear power contains

the majority of the radioactivity from operation of the nuclear fuel cycle and
nuclear power reactors. The fuel may be reprocessed to recover unused uranium
and plutonium and isolate a high-level waste stream for disposal or, alternatively,
the unreprocessed fuel may itself require disposal.

Europe and the USSR have continued to hold a policy on reprocessing different
to that of the USA. Reprocessing is not considered by the USA as a prerequisite
for safe disposal of commercial spent fuel by burial in appropriate geologic
environments. However, the European Economic Community (EEC) has
recognised that reprocessing and recycle of plutonium in fast breeder reactors
could provide a long-term source of energy supply. The International Nuclear
Fuel Cycle Evaluation (INFCE) is studying the implications of both disposal of
high-level waste from fuel reprocessing and disposal of unreproccssed spent fuel.

NATIONAL DEVELOPMENTS
National developments in reprocessing spent fuel from nuclear power reactors

are as follows.

Belgium
Plans for refitting the former Eurochemic reprocessing plant have been

delayed. The plant, originally operated as a multinational venture for 13 European
countries between 1966 and 1974, was closed as uneconomic. In 1978 the Belgian
Government approved acquisition of the plant by the Belgoprocess company with
possible expansion to a capacity of 300 tonnes U/year, equivalent to about
10,000 MW of light-water reactor (LWR) power, by the mid-1980s to service
Belgian requirements.

France
Reprocessing of LWR oxide fuel continued at the Cap La Hague UP 2 plant,

owned and operated by Cogcm.a. Reprocessing of uranium metal fuels is being
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transferred progressively to the UP 1 plant at Marcoule to enable expansion of
oxide reprocessing capacity at La Hague to reach 800 tonnes U/year by the mid-
1980s. A further plant, UP 3A, of capacity 800 tonnes U/year, is planned for con-
struction and operation at La Hague by the mid-1980s to fulfil contracts for
reprocessing spent fuel from LWRs in overseas countries.

Japan
The reprocessing plant at Tokai Mura (capacity 210 tonnes U/year), owned

by the Power Reactor and Nuclear Fuel Development Corporation (PNC), was
closed down in August 1978 following a minor leakage of contamination from
an acid recovery evaporator. The leakage of radioactivity was contained within
the plant boundary and no adverse effects on public health are believed to have
resulted. Installation of a replacement evaporator and recommencement of repro-
cessing operations are scheduled for late 1979. Japan is reported to be considering
construction of a commercial plant of capacity 1,400 tonnes U/year for LWR fuel
for operation in the 1990s.

West Germany
The Federal Republic of Germany is operating a small experimental repro-

cessing plant of 40 tonnes U/ycar capacity at Karlsruhe. A proposal for siting a
large commercial reprocessing plant of 1,400 tonnes U/year capacity at Gorleben
for operation in the 1990s has been abandoned following resistance by public and
local government opposition. A contract for the reprocessing of some fuel from
West Germany in the French plant at La Hague has been negotiated pending a firm
decision on a reprocessing site in West Germany.

United Kingdom
The MAGNOX reprocessing plant for spent natural uranium metal fuel at

Windscale, owned by British Nuclear Fuels Ltd, recommenced operation in
September 1978 following the commissioning of a new highly-active dissolvcr cell.
A new receipt, storage, and decanning plant of 7 tonnes U/day capacity is expected
to be operational by 1982 as an initial step to increasing overall reprocessing
capacity.

The new THORP plant which is under design for reprocessing LWR fuel is
scheduled for operation in the late 1980s. A nominal capacity of up to 1,200 tonnes
U/year has been proposed for THORP, but the expected average working
throughput in the early years of operation has been reported at about 650 tonnes
U/year. New storage capacity for oxide fuel is being built to meet domestic
requirements and overseas contracts.

USA
The USA continued to defer the operation of commercial reprocessing plants

pending the outcome of 1NFCE. In the meantime, spent fuel is being stored in
ponds at the nuclear power reactors and the reprocessing sites at Morris (Illinois)
and Barnwell (South Carolina). Emphasis is being placed on away-from-reactor
storage facilities for fuel; the first of these is required to be operational by 1984.

USSR
The USSR is believed to be building a commercial-scale plant for reprocessing

spent fuel from nuclear power generation. The plant is expected to be operational
in the 1980s.
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DISPOSAL OF RADIOACTIVE WASTES
The need for the safe disposal of wastes containing radioactivity is an inevitable

consequence of the harnessing of nuclear energy. The wastes may be solid, liquid
or gaseous and contain widely varying concentrations of radioactivity.

Three principles are employed separately or in combination in the disposal
of radioactive wastes: the concentration and containment of long-lived or very
highly radioactive material; the dilution and dispersion of short-lived or very low
concentration waste; and the decay storage of very short-lived wastes to permit
decay into non-radioactive species. The objective in disposal is to achieve a sufficient
degree of isolation or dilution of the wastes so that any return of radioactivity to
the biosphere will be at a rate and/or concentration sufficiently low as not to
present a significant biological hazard. The resultant radiation dose to man is kept
as low as practicable and within the recommended limits of the International
Commission on Radiological Protection.

SOLIDIFICATION OF HIGH-LEVEL WASTES
The solution of high-level wastes resulting from reprocessing fuel from nuclear

power generation contains over 99 per cent of the radioactivity originally present
in the spent fuel.

The first stage in disposal of such wastes is their conversion into a practically
insoluble, stable solid. Ultimate disposal of these solidified wastes by burial in
deep geologic formations is being studied internationally. Borosilicate glasses have
been the main waste forms developed to date for the incorporation of the radio-
activity.

An industrial scale demonstration plant for waste vitrification was commis-
sioned at Marcoule, France, in 1978 and has continued satisfactory operation
vitrifying the backlog of high-level wastes produced since 1958 from the French
gas-graphite nuclear power program. It is proposed to construct a plant at La Hague
in the 1990s to vitrify wastes from reprocessing of spent LWR oxide fuels from the
French nuclear power program and commercial reprocessing contracts. The French
vitrification process has been chosen by West Germany for a large reprocessing
centre. The UK is reported to be considering adoption of French vitrification
technology at the British Nuclear Fuels Ltd Windscale reprocessing centre, as an
alternative to the Harvest vitrification pilot plant which is under construction for
evaluation trials in the early 1980s.

Alternative, promising, stable forms into which high-level waste could be
converted include ceramics, vitro-ceramics, composites consisting of ceramics
embedded in corrosion-resistant metallic matrices, and artificial minerals such as
"Synroc".

Much public concern has been focused on the ult imate disposal of these
high-level wastes. However, it should be noted that although Australia as a major
exporter of uranium will be involved closely in international studies concerned
with the nuclear fuel cycle, the Government has stated that there is no intention of
Australia storing other countries' radioactive wastes.

SYNROC
Minerals are known which have been stable for many millions of years in a

wide range of geologic environments. Many of these contain the same or similar
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elements that are present in high-level waste. Researchers at the Australian National
University (ANU), Canberra, have proposed the incorporation of waste into blends
of synthetic rock minerals ("Synroc") as waste forms for burial.

Initial tests on non-radioactive Synroc have shown it to be highly resistant
to attack by water at elevated temperatures. Therefore it may be a suitable
alternative medium for long-term storage and isolation of radioactive waste from
the environment.

Research contracts of $221,000 over three years and $21,400 have been
awarded respectively by the Commonwealth on the recommendations of the
National Energy Research, Development and Demonstration Council and the
Australian Atomic Energy Commission. The contracts are to support research at
the ANU into the potential of Synroc as an alternative form for storing radioactive
wastes. A collaborative program has commenced on the production and investiga-
tion of Synroc formulations between the ANU and the Commission. The program
is planned to culminate in tests of radiation stability and resistance to leaching of
Synroc samples incorporating a full loading of actual high-level wastes.

ULTIMATE DISPOSAL OF HIGH-LEVEL NUCLEAR WASTE
A concerted international effort is being made to identify areas for u l t imate

disposal of highly radioactive wastes from nuclear power generation. The Inter-
national Atomic Energy Agency has restated the view that the technology for
handling and disposing of radioactive wastes is available; the problem is in deciding
which of several options should be selected and the appropriate time for making
the choice.

Deep burial in stable geologic formations appears most promising, although
proposals for test drillings of strata are meeting public opposition in several
countries. Interest in disposal of vitrified wastes into or onto the deep ocean bed
is being shown by France, Japan, the UK and the USA.

The US Interagency Review Group on Nuclear Waste Management, in a
report to President Carter in March 1979, concluded that successful isolation of
radioactive waste from the atmosphere for periods of thousands of years appeared
technically feasible. The Group recognised that the long-term fate of radioactive
wastes in a repository will be determined by the natural geologic environment, by
the physical and chemical properties of the waste form adopted, and by other
engineered barriers including encapsulation of waste in corrosion resistant canisters
and placement of absorptive media around the waste in the repository. Overall
scientific and technical knowledge was considered adequate to proceed with
identification and examination of potential waste burial sites in several geologic
environments in the USA including deposits of salt, shale and granitic rock
formations. The Group recommended the establishment of up to three geological
repositories for unreprocessed spent fuel and/or high-level and actinide wastes by
the year 2000, with an initial repository in salt to be operational by 1988-92.

Measurements have been made of rock stresses, permeability and thermal
conductivity of granite in an abandoned iron mine at Stripa, Sweden. Large-scale
heating tests have been conducted by Sweden in collaboration with staff of the
Lawrence Berkeley Laboratory, USA. Australia has been invited to participate
in this international collaborative study on burial of waste.

The Swedish Nuclear Fuel Supply Company is conducting a program of
extended test drillings to identify suitable disposal sites for nuclear waste. Depths
of more than 500 metres have been reached in granite formations at Forsmark
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and near the city of Karlshamn. Results to date indicate that the granite rocks at
these locations are technically satisfactory for disposal of vitrified high-level waste,
but it may take up to ten years to confirm the suitability of a particular formation.

Studies on nuclear waste disposal at the Asse salt mine in West Germany have
been retarded by expiry of the site licence for operation as a waste repository.

SAFETY STUDIES ON GEOLOGIC BURIAL

A report issued by the US Academy of Sciences, Risks Associated with
Nuclear Power: A Critical Review of the Literature, expressed the view that it is
not necessary to strive for absolute assurance in isolation of high-level wastes.
Several independent studies conducted on the safety implications of highly radio-
active wastes buried in deep geologic formations, have indicated that the environ-
mental impact of an engineered waste repository would be equivalent to a small
fraction of the natural radiation background.

In a study by the Swedish Nuclear Fuel Safety Project (KBS), assumptions
were made that spent fuel from a large nuclear power program would be
reprocessed, the waste vitrified and enclosed in canisters of lead and titanium, and
buried at a depth of 500 metres in a granite formation. Laboratory studies on
canister materials and vitrified waste indicated that radioactivity would be leached
from the waste into ground-water over about 30,000 years. Some dissolved radio-
activity would be adsorbed on rock strata during passage of ground-water to the
biosphere.

The KBS study concluded that the escape of radioactivity from the repository
could result in a maximum annual radiation dose of 0.13 mSv (13 millirem) per
year to the most exposed individual and this dose would occur 200,000 years
following waste burial. This additional radiation dose from the repository was
within local variations in the natural radiation background in Sweden and was
comparable with radiation doses delivered today from drinking water in some
Swedish areas. The KBS study concluded that radiation doses from a repository to
large population groups would have negligible long-term effects on health. Similar
conclusions were reached in assessments by officers of the UK National Radiological
Protection Board and of the Commission of European Communities.

KBS also considered the ultimate disposal of unreprocessed spent fuel by deep
geologic burial. It again concluded that long-term effects on health would be
negligible.
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RANGER URANIUM PROJECT

A description of the Ranger Uranium Project and its background history
was contained in the Commission's Twenty-sixth Annual Report 1977-78.
Subsequent to that Report, a number of developments have taken place.

An agreement was concluded on 3 November 1978, between the Common-
wealth and the Northern Land Council as required under Section 44 of the
Aboriginal Land Rights (Northern Territory) Act 1976. Completion of this
agreement (the S.44 Agreement) enabled negotiations to proceed in relation to
the two other agreements necessary to establish the Ranger Uranium Project.

The primary agreement — the Government Agreement — was signed and
executed on 9 January 1979 by the Commonwealth of Australia, Peko-Wallsend
Operations Ltd (Peko), Electrolytic Zinc Company of Australasia Ltd (EZ) and the
Australian Atomic Energy Commission (AAEC). The Government Agreement
provides for the creation of an unincorporated Joint Venture between the AAEC,
EZ and Peko to carry on operations in accordance with an Authority issued
pursuant to Section 41 of the Atomic Energy Act 1953 for the following objects:

(a) The discovery, development, proving up and mining of uranium ore deposits
on behalf of the Commonwealth within the Ranger Project Area,

(b) the construction, operation and maintenance of a mine and Treatment Plant
for the production of Ranger Uranium Concentrates and Other Mineral
Products,

(c) the delivery to the Commonwealth or its nominee of Concentrates of Ranger
Uranium Ore and Other Mineral Products produced from the Treatment
Plant,

(d) the provision and operation within the Ranger Project Area of facilities,
equipment and services directly related to, and reasonably required for, the
foregoing, and

(e) the treatment in the Treatment Plant on a toll basis of uranium bearing ores
mined outside the Ranger Project Area.
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On 9 January 1979, the three Joint Venturers entered into an agreement
(the Management Agreement) with Ranger Uranium Mines Pty Ltd (RUM)
appointing that company as manager of the Project under terms and conditions
set out in the agreement.

The Minister for Trade and Resources, the Right Honourable J. D. Anthony,
M.P., also on 9 January 1979 issued an Authority pursuant to Section 41 of the
Atomic Energy Act 1953, to the AAEC, Peko and EZ to carry on as Joint
Venturers, on behalf of the Commonwealth, operations on the Ranger Project
Area subject to the conditions and restrictions set out in a Schedule to the
Authority.

It is not possible here to describe all provisions of the three main agreements
(the S.44 Agreement, the Government Agreement and the Management Agree-
ment) or of the Section 41 Authority. However, the following features are worthy
of note:

• Capital costs will be borne and paid by the Joint Venturers in the proportions:
AAEC 72.5 per cent
Peko 13.75 per cent
EZ 13.75 per cent

0 Operating Costs will be borne and paid by the Joint Venturers in the
proportions:

AAEC 50 per cent
Peko 25 per cent
EZ 25 per cent

• Concentrates of Ranger Uranium Ore produced after normal commercial
operations are deemed to have commenced, will be apportioned as follows:

Commonwealth 50 per cent
Peko 25 per cent
EZ 25 per cent

(Material produced during commissioning, etc., will be divided on a different
basis.)

• Major policy issues regarding the Project will be determined by the Ranger
Joint Venfiire Committee, consisting of four members, one being appointed
by each of Peko and EZ and two by the AAEC.

• The Board of RUM consists of four Directors, one being appointed by each
of Peko and EZ and two by the AAEC.

Provision of Finance

Each Joint Venturer is responsible for financing its contributions to the costs
of the Project. The Commission in 1978-79 obtained its funds from a
Parliamentary Appropriation of $20 million. In 1979-80 the Commission will
obtain its funds from borrowings subject to the approval of the Treasurer and
within the Loan Council program. The Commission has appointed Hill Samuel
Australia Ltd as its financial adviser to assist in its loan raising program. In June
1979, the AiCiViic Energy Amendment Act 1979 came into force. The Act includes
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provision for the issuing of a Commonwealth guarantee on borrowings by the
Commission as to payment of. interest and repayment of principal.

Progress at the Ranger Site

Work at the Ranger site (sec Figures 6 and 7) was limited until the end of
the "Wet Season" late in April 1979. Since then, work has proceeded at an
accelerating pace and contracts.have been placed for the supply of plant items
and equipment, particularly those items on the critical path and for those with
long delivery times.

Construction was completed of single-men's quarters (450 uni ts) , caravan
park facilities, construction staff housing, water supplies and reticulation, sewerage
plant and reticulation, power generators and reticulation, messing and kitchen
facilities. Civil works in hand include excavations for the primary crusher, tailings
dam and water retention ponds, and other treatment plant buildings and installa-
tions. At the end of the financial year, contractors' employees on site numbered more
than 250. In addition, there were on site 100 persons comprising groups from
RUM, the Commonwealth and Northern Territory Governments and the Project
engineer (Wright Engineers/Davy Pacific Joint Venture). Design and engineering
staff working on the Project in Sydney numbered about '.50 at 30 June 1979.

Jabiru Town

The Jabiru Town Development Authority Act of the Northern Territory came
into force in January 1979. This Authority is responsible for the development of the
Jabiru Town and consists of seven members — a chairman appointed by the North-
ern Territory Government, three members appointed by the Northern Territory Gov-
ernment, and three members appointed by the mining groups involved. Since only
one mining project has approval to proceed, Ranger currently has three members
on the Authority but this number will be reduced should Pancontinental Mining
Ltd and Noranda Australia Ltd receive approvals to proceed with mining and
milling. The town will contain housing and services for employees of the Ranger
Project, Commonwealth and Northern Territory Government employees and for
persons engaged in business such as stores, service shops, etc. The plans for the
town provide for accommodation and servicing of employees of Pancontinental
and Noranda at a later time.

Discussions have been proceeding with the Authority and the Northern
Territory Government on the financial and other arrangements to apply to the
Ranger Project in the development, construction and operation of the town. The
Ranger Project will pay progressively for Ranger housing land blocks as they arc
developed and also for the design and construction of houses for Ranger stall.
Some 200 houses and units will be required for Ranger employees.

Uranium Mining (Environmental Control) Act

The Northern Territory Legislative Assembly passed the Uranium Mining
(Environmental Control) Act on 8 March 1979. An important provision of the
Act requires Ranger Uranium Mines Pty Ltd to submit all works and construction
projects for approval before they may be commenced.
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Figure 6. Map showing location of the Ranger Project
Area in the Northern Territory.
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Figure 7. Diagram showing general layout of the planned
Ranger mine and mill complex in the Northern Territory

and location of the Jabiru temporary township.
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QUEENSLAND MINES LTD

Development of the Nabarlek Uranium Deposit

On 8 December 1978, the Northern Land Council ratified a draft mining
agreement with Queensland Mines Ltd for development of the Nabarlek uranium
deposit. After the submission of the Final Environmental Impact Statement in
January 1979, the necessary Commonwealth Government approvals for the project
were granted on 7 March J979. Queensland Mines signed the agreement with
the Northern Land Council on 22 March 1979, and a Special Mining Lease was
issued by the Northern Territory Minister for Mines and Energy the following day.

Financing proposals for the venture involve loans from two Japanese utilities,
the Shikoku Electric Power Co. Inc. and the Kyushu Electric Power Co. Inc.
These utilities have current sales contracts with Queensland Mines for the supply
of yellowcake.

The company plans to mine the orebody over approximately six months and
stockpile the ore for subsequent processing over a period of 8-10 years. The mining
operation began on 28 May 1979.

WESTERN MINING CORPORATION LTD
Development of the Yeelirrie Uranium Deposit

A Draft Environmental Impact Statement for the development of the Yeelirrie
uranium deposit was issued by Western Mining Corporation Ltd in June 1978.
Both the Commonwealth and Western Australian Governments have agreed that
there arc no objections on environmental grounds to the project proceeding. An
Act to ratify an Agreement between the company and the State Government for
the mining and treatment of Yeelirrie uranium reserves was passed by the Govern-
ment and received official assent on 12 December 1978. The respective obligations
of the State and the company are outlined in this agreement which also provides
for a royalty of 3.5 per cent of the f.o.b. value of the product.

In August 1978, the company announced that it had reached agreements in
principle with Esso Exploration and Production Australia Inc. and Urangesell-
schaft mbH and Co. KG to develop the Ycelirric deposit as a joint venture with
Western Mining as managers. Equity holdings will be Western Mining 75 per cent,
Esso 15 per cent and Urangesellschaft 10 per cent. The Commonwealth Govern-
ment has decided in terms of its .foreign investment policy to approve these
arrangements. Exports from the project will be required to comply with the require-
ments of the Commonwealth's uranium export policy.

The development of the deposit will be in two stages. Stage One involves the
construction and operation of the Kalgoorlie pilot plant for metallurgical testwork
and further drilling of the orebody. Stage Two will be the development of the
mine, mill and associated facilities.

PANCONTINENTAL MINING LTD
Pancontinental Mining Ltd made available a Draft Environmental Impact

Statement for public comment in December 1977 on its proposal to mine the
Jabiluka uranium deposits in the Northern Territory. The company has received
comments on this draft and is preparing a Final Environmental Impact Statement
which outlines the open pit mining concept set out in the Draft Environmental
Impact Statement together with an alternative involving underground mining.
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NORANDA AUSTRALIA LTD
Noranda Australia Ltd published a Draft Environmental Impact Statement

in December 1978 on its Koongarra deposit in the Northern Territory. The state-
ment outlines a proposal to develop a uranium mine and mill complex at Koongarra
in the Alligator Rivers Region and involves open pit mining and treatment of
some 360,000 tonnes of ore over a period of 12 years. The draft statement was
submitted to the Department of Environment, Housing and Community Develop-
ment (later the Department of Science and the Environment) in January 1979.

EXPLORATION FOR URANIUM
Exploration for uranium in Australia is increasing but at a rate which is less

than that of other exporters, particularly Canada where increased exploration
efforts arc resulting in very substantial discoveries.

Total expenditure for uranium exploration in Australia has been as follows:

Year Total Expenditure in Australia
pre-1975 $59,000,000

1975 8,000,000
1976 13,000,000
1977 17,000,000

Returns for 1978 are not yet complete, but expenditure for the year exceeds
$23,000,000.

During 1978 the trend appeared to be for a higher percentage of
exploration expenditure to be directed at investigations of the sedimentary basins.
At the present time only a relatively small portion of Australia's uranium reserves
occur in deposits of this nature.

COMPANY EXPLORATION

Northern Territory

Little exploration was conducted in the Alligator Rivers Region because most
of the area is reserved from occupation under Section 147A of the Northern
Territory Mining Act. There was some exploration in the area between the Stuart
Highway and the Alligator Rivers Region, in the Litchfield Province, in the western
part of the Pine Creek Geosyncline and in the vicinity of Rum Jungle.

Exploration continued in the Ngalia Basin and in the Amadeus Basin.
Uranium occurrences of the "sandstone type" have been reported previously in
each of these basins.

The exploration programs in the Westmoreland area in the eastern part of
the Northern Territory were continued. Investigations were conducted in the Daly
River Basin, and also continued in the Tcnnant Creek area.

Queensland
Numerous uranium occurrences have been found in the Townsvillc-George-

town area and drilling programs were carried out on several of these.
Exploration was continued in the Westmoreland area and four additional

prospects were discovered and drilled, thereby increasing the known resources in
this region.
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A large area of the Permian-Carboniferous Drummond Basin is held under
exploration titles but investigations are still at an early stage.

Some exploration was carried out to investigate Cretaceous sandstones in
the North Eromanga Basin in the Cloncurry region and in Tertiary limestone in
southwest Queensland.

South Australia

Exploration on the Stuart Shelf increased as a result of the encouraging
reports announced as drilling continued at the Olympic Dam prospect.

The search for uranium continued in the crystalline rocks of the Olary
Province.

Exploration for sedimentary uranium was continued, particularly in Tertiary
rocks at the Frome Embayment.

Western Australia

Exploration was directed increasingly towards the Phancrozoic sedimentary
basins. These investigations are primarily for occurrences of the "sandstone type".

On the Yilgarn Block, the search for uranium in calcrete and lake sediments
continued and interest developed in the Proterozoic Nabberu Basin.

Investigations were carried out on the sediments and metamorphic rocks of
the Halls Creek, Gascoyne and Rudall Provinces and the Birrindudu Basin, east
of Halls Creek.

Victoria
There does not appear to be any exploration in Victoria at the present time

which is directed primarily at the search for uranium.

New South Wales
In the Broken Hill area the exploration titles covering the areas in which

exploration for uranium had been proceeding were relinquished. No further
exploration for uranium was reported.

Tasmania
No uranium exploration was reported.

NGALIA BASIN EXPLORATION JOINT VENTURE
The Commission has an interest in certain uranium prospects in the Ngalia

Basin region of the Northern Territory, resulting from a joint venture with Central
Pacific Minerals NL, Agip Nucleare Australia Pty Ltd and Urangcsellschaft Aus-
tralia Pty Ltd. The joint venture agreement lapsed in July 1978 and the project
was placed on a care and maintenance basis. As at 30 June 1979, the Commission
had contributed a total of $4.~:,!,58S to the joint venture and its beneficial interest
in the uranium prospects was 10.7 per cent.

During the past year the parties to the joint venture continued '.o negotiate
a new agreement to cover development and further exploration in the Ngalia Basin.
Since it is Commonwealth Government policy that exploration for uranium in the
Northern Territory should be a matter for private enterprise, options for disposal
of the Commission's interest in the joint venture arc being examined.
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BUREAU OF MINERAL RESOURCES

The Bureau of Mineral Resources continued its research program on the
geology of the Pine Creek Geosyncline. Field work was carried out in the McKinlay
River, Mary River, Point Stuart and Tipperary 1:100,000 Sheet areas, and the
Lower Proterozoic sequence in the Rum Jungle area was re-examined in order to
establish correlations with rocks of the Mundogic and Mary River areas. A solid
geology map of the Pine Creek Geosyncline was compiled at 1:500,000 scale,
incorporating the newly-defined stratigraphy. Petrographic studies were made of
the rocks of the Mundogie 1:100,000 Sheet area, and stable isotope investigations
were made of minerals associated with Jabiluka, Ranger 1 and Koongarra uranium
deposits.

Studies continued on the association of uranium with skarn development in
the Mary Kathleen area. Projects continued in other areas with uranium potential,
including the Mount Isa, Westmoreland, and Georgetown regions.

Airborne magnetic and radiometric surveys were made over the Junction Bay,
Wessel Islands, Truant Island, Millingimbi, Arnhem Bay, Govc, Mount Marumba,
Blue Mud Bay, Port Langdon, Roper River and Cape Beatrice 1:250,000 Sheet
areas in the Northern Territory, and the Renmark, Pinaroo, and parts of the
Adelaide and Barker 1:250,000 Sheet areas in South Australia.

A project was commenced to investigate radon detection methods.
Current investigations include field and laboratory studies of the operating
characteristics of alpha meter devices, monitoring of background alpha and gamma
activity at a test site near Canberra, monitoring of radon transport through soils
using artificial test sites, and measurement of radon emanation from rock samples.

A program to upgrade the airborne gamma-ray spectrometer systems was
commenced. A new 16,000 cm3 Nal(Tl) detector .isscmbly was purchased for
use in Twin Otter aircraft, and a feasibility study was completed on the design
of a multichannel analyser. Work continued on the establishment of dynamic
calibration strips for airborne spectrometer systems.

MARY KATPELEEN URANIUM LTD
Modifications and improvements to the mine and mill of Mary Kathleen

Uranium Ltd (MKU) were completed during the year, including the installation
of two additional radiometric ore sorters after the primary crushing of the run-of-
mine ore. Benefits of the measures taken were reflected in the increased production
of 594 tonnes uranium for the year ended 30 June 1979.

Under the company's approved export contracts, shipments of concentrates
continued through the Port of Brisbane to the USA, Japan and Western Germany.

The long-term loans of $9 million and $11 million provided to MKU last
financial year by the Commonwealth and Conzinc Riotinto of Australia Ltd (CRA)
respectively, are still current. Interest charges on these loans at commercial rates
commenced on 1 January 1979.

COMMONWEALTH STOCKPILE DELIVERIES
Deliveries of uranium concentrates (yellowcake) continued during the year

from the Commonwealth uranium stockpile located at the Commission's Research
Establishment, Lucas Heights.
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The yellowcakc was delivered under the terms of agreements between the
Commonwealth Government and Peko Mines Ltd, Electrolytic Zinc Company of
Australasia Ltd and Queensland Mines Ltd. The Commission continued to carry
out the Commonwealth's obligations under the agreements.

A total of 1,222 tonnes uranium (1,589 short tons U;fOs) has been delivered
to the companies since June 1977. The yellowcake was shipped to the United
Kingdom, Canada and the USA for processing, with eventual delivery to Japan
as fuel for the generation of electricity. Deliveries from the stockpile will be
completed in 1980.

Security and safeguard arrangements were made in liaison with the Australian
Safeguards Office. Transport arrangements were in accordance with the require-
ments of the New South Wales Radioactive Substances Regulations and the
International Atomic Energy Agency Regulations for the Safe Transport of Radio-
active Materials.

URANIUM ANALYSIS SERVICE
Since beginning operations in 1974, the Commission's uranium analysis service

at Lucas Heights has assayed more than 37,000 samples of which 17,500 have
been for other organisations. A total of 90 orders for 22 separate external customers
was processed in 1978, requiring 7,567 separate analyses. A further 2,160 samples
were analysed for internal Commission projects, including ore leaching and
bioassay studies.

UPGRADING OF URANIUM
URANIUM HEXAFLUORIDE STUDIES

The Commission continued its research and assessment studies into the
technology and economics of uranium hexafluoridc (UF«) manufacture. This work
will be available to support any proposals by industry to establish an upgrading
plant in Australia.

The conversion of crude uranium ore concentrates into pure UF(i is an initial
stage in upgrading and production of enriched uranium fuel for light-water reactors
(LWR). Domestic production of UF0 would be an essential f/ljunct to an Aus-
tralian enrichment plant.

URANIUM ENRICHMENT STUDIES
The Deputy Prime Minister and Minister for Trade and Resources, the

Right Honourable J. D. Anthony, M.P., and the Acting Minister for National
Development, the Honourable J. E. McLeay, M.P., issued the following statement
on 23 January 1979.

"The Government will be proceeding to study the feasibility of the establish-
ment of a commercial uranium enrichment industry in Australia. The Government
has been actively studying the question of uranium enrichment and it will now
press ahead with feasibility studies with potential collaborators including the
URENCO consortium, Japan, France and other interested Governments.

"Uranium enrichment could offer substantial economic and employment
benefits. It would be consistent with the Government's policy of encouraging the
upgrading and processing of Australian raw materials prior to export. Uranium

46



enrichment is a highly complex industry, and substantial feasibility studies are
required before consideration can be given to any commitment to its establish-
ment.

"Environmental factors will be taken into account in these studies. State
Governments and private companies in Australia have demonstrated an interest in
the establishment of a uranium enrichment industry and the Government will
include them as fully as possible in the evaluation and study of any proposals
from foreign Governments and organisations.

"The Government is very conscious that uranium enrichment involves
questions of nuclear non-proliferation and safeguards and that in this connection
the question of multi-nation participation in new enrichment plants is actively
under study in the International Nuclear Fuel Cycle Evaluation (1NFCE), in
which Australia is participating.

"In studying the feasibility of uranium enrichment in Australia, multi-nation
participation will be fully examined and, in particular, the potential advantages
from the non-proliferation viewpoint of such participation."

Co-ordination of these studies is being carried out by the Commonwealth
Government. The Commission is acting as technical adviser. Discussions are
proceeding with foreign governments and organisations concerning their respective
interests in collaborating with Australia in uranium enrichment.

The first phase of the joint study with Japan was concluded during 1978
with the issue of a Final Report to the Governments of both Japan and Australia.

A meeting was held in Canberra during May 1979 at which representatives
of all State Governments and the Northern Territory were briefed by Common-
wealth officials on progress with the enrichment feasibility studies and on the
method by which it was intended to proceed. A technical briefing paper prepared
by Commission staff was circulated at this meeting.
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4
NON-PROLIFERATION, HEALTH AND SAFETY
ASPECTS OF NUCLEAR ENERGY
tmî ^Ti-iemA-iBBaias^ggipiimg;̂

NON-PROLIFERATION AND SAFEGUARDS

The International Nuclear Fuel Cycle Evaluation (INFCE) continued
through the year and will end with the Plenary Conference to be held in Vienna
in February 1980.

The Commission provided technical advice to Commonwealth Departments.
Commission liaison officers in London and Vienna attended a number of meetings
of INFCE working groups in support of Australian delegations. Some of the
meetings were attended by an Australia-based Commission officer, Dr C. J. Hardy.

Dr A. R. W. Wilson continued as Australia's co-chairman for Working
Group 3 (Assurances of Long-term Supply of Technology, Fuel and Heavy Water
and Services in the Interest of National Needs Consistent with Non-proliferation).
Dr Wilson attended all Working Group 3 meetings as well as meetings of the
INFCE Technical Co-ordinating Committee, held in Vienna on 23-25 October
1978 and 27-28 February 1979. He also engaged in consultations with fellow
co-chairmen from the Philippines and Switzerland, and with officials in other
countries. Dr Wilson, Head of the Commission's Regulatory and External
Relations Branch, has been engaged on INFCE since its inception in 1977.

In October 1978, the Stockholm International Peace Research Institute
(SIPRI) held a small expert symposium in Stockholm to discuss the technical
aspects of the control of fissionable materials with a view to providing ideas for
a Non-proliferation Treaty Review Conference scheduled for early 1980. SIPRI
invited Dr Wilson to present a paper outlining his personal ideas on the creation
of a Nuclear Fuel Co-operative as a new non-proliferation approach. Dr Wilson's
paper was well received and has stimulated subsequent discussion.

The Commission maintains a system of accounting and control of nuclear
material in its possession and keeps the material physically secure. International
Atomic Energy Agercy (IAFA) inspectors visited the Commission's Research
Establishment on three separate occasions during 1978-79 and verified that the
Commission had met its obligations devolving from the Nuclear Non-proliferation
Tt--aty Safeguards Agreement between the IAEA and Australia.

The Australian Safeguards Office, already functionally independent from the
Commission, was relocated on 22 June 1979 and became physically separate.

48



ACCIDENT AT THREE MILE ISLAND UNIT 2

As discussed in Chapter 1, an accident occurred on 28 March 1979 at the
Three Mile Island Unit 2, near Harrisburg, Pennsylvania, USA. The Three Mile
Island No. 2 Reactor is the second reactor of a dual uni t plant and began com-
mercial operation in December 1978. Unit 1 went into commercial operation in
1974 and has performed satisfactorily since. At the time of the accident, Unit 1
was down for refuelling, and Unit 2 was at 97 per cent ful l power but undergoing
in-line maintenance.

The Three Mile Island site is located on an island in the Susquchanna River
about 16 km downstream from Harrisburg, the State capital of Pennsylvania.
Harrisburg has a population of about 68,000. The nearest towns to the nuclear
power station arc Middletown and Elizabethtown, each of some 8,000 population.
Both towns arc about 6 km from the site.

The initiating event of the accident was a loss of fccdwatcr to the steam
generators caused by a tripping of the main feed pumps and subsequent fa i lure
of the auxiliary fccdwatcr trains to come on line. The auxil iary feed pumps were
inadvertently valved out and this was an infringement of the operating license
requirements. The plant was designed to cope safely with this contingency, however
an ensuing sequence of faults, some due to alleged mistakes in operator judgment
and some due to system malfunctions, caused a partial loss-of-coolant accident
which, over the subsequent three or four hours, led to substantial fuel damage.

The US Nuclear Regulatory Commission (NRC) has estimated that sub-
stantial quantities of gaseous and volatile fission products were released from the
reactor core. Most remained safely contained within the reactor and its gas-tight
containment building. However, a slight release of radioactive material to the
atmosphere did occur during the course of the accident and this led to a decision
by the NRC to advise the Governor of Pennsylvania to recommend the evacuation
of pre-school children and pregnant women from the zone within 8 km of
the reactor. This was a precautionary measure dictated by the possibility that
further radioactive material might be released and not because of the actual levels
of exposure being measured.

The technical staff of the NRC, the Department of Health, Education and
Welfare and the Environmental Protection Agency formed a Population Dose
Assessment Group to assess the health impact of these releases on some two million
residents within 80 km of the accident. Although its estimates arc stated as
preliminary, the group stated in its report that "the uncertainties in the collective
dose estimates and health effects are not large enough to alter the group's basic
conclusion, that is, the risk is minimal".

The group's preliminary assessment was that the averaged collective dose of
3,300 person-rcm represented minimal risk of additional health effects to this
population. The forecast, number of additional fatal cancers due to such exposure
over the remaining lifetime of this population was reported as approximately one,
in comparison with about 325,000 fatal cancers to be expected normally in the
two million. The projected total number of excess health effects, including all
cases of cancer and genetic effects to all future generations, was estimated at
approximately two. Some iodine 131 was found in milk samples, but it was 300
times lower than the level at which the Federal Department of Agriculture would
recommend that cows be removed from contaminated pastures. No reactor-
produced radioactivity was found in food samples.
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In early April, immediately following the accident, the NRC directed all
owners of operating light-water reactor plants to review the events of Three Mile
Island and to take steps to prevent any similar occurrence at their stations. In
addition, the NRC ordered the shutdown of all Babcock and Wilcox designed plants
for modifications aimed at preventing a recurrence of the Three Mile Island
accident.

Many formal enquiries, including at least nine Congressional hearings, have
been established in the USA to investigate the accident. The most prestigious of
these enquiries is the President's Commission on the accident at Three Mile Island
established by President Carter by executive order on 11 April 1979. The Com-
mission is headed by J. G. Kcmeny, President of Dartmouth College, and consists
of 11 members. Its purpose is to conduct a comprehensive study and investigation
of the accident and has been instructed to prepare and transmit to the President
a final report of its findings and recommendations. Other important enquiries are
being held by the NRC, the Advisory Committee on Reactor Safeguards, the
General Accounting Office and industry.

On 27 and 28 June 1979, the OECD Nuclear Energy Agency's Committee
on the Safety of Nuclear Installations (CSN1) held a special meeting (attended
by Mr D. W. Crancher, Director of the Australian Atomic Energy Commission's
Nuclear Plant Safety Unit) for a thorough discussion of the sequence of events
during the accident at the Three Mile Island nuclear power station.

The US delegates, led by H. R. Denton, Director of Nuclear Reactor
Regulation, NRC, briefed the Committee on the accident and on the remedial
actions proposed. The Committee went on to consider the influence of the accident
on nuclear safety practices in the different member countries, and how current
international work in this field should be directed as a consequence.

REVIEW OF COMMISSION PLANT
During the year the Licensing and Regulatory Bureau continued its on-going

program for reviewing the safety of operations at the Commission's Research
Establishment, Lucas Heights, to ensure that these operations complied with high
standards of nuclear safety and that risks to public health and safety and to Com-
mission staff were minimal.

Following the accident at Three Mile Island Unit 2, concern for safety of
operating nuclear plants intensified throughout the world. However, there are major
technical differences between nuclear power plants and the Commission's research
reactor HI FAR.

The Three Mile Island nuclear power station is used to produce high-pressure
steam for electrical power generation. The Commission's reactor HIFAR is not
a power producing reactor; it is not pressurised and was designed to provide a
source of neutrons for research purposes and for the production of radioisotopcs.
Whereas the output of the US reactor is some 2,500 MW (thermal) that of HIFAR
is only some 10 MW (thermal). Thus the US reactor produces approximately
250 times more heat than HIFAR. It also contains approximately 900 times more
fissionable uranium.

Both reactors are housed in leak-tight buildings designed to contain radio-
active material released due to accidents. In addition, HIFAR reactor is
surrounded by a residential exclusion zone of 1.6 km (one mile) radius.
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In the case of H1FAR, its very small operating power level combined with
the containment and exclusion area are sufficient to ensure that any conceivable
escape of fission products would not create an unmanageable hazard to the public
even if the core melted down. Nevertheless, a thorough review of the safety
assessment program for H1FAR was initiated. No part of the plant was found
to be unsafe, but some areas were identified where modifications could enhance the
depth of safety already provided. A program of work has been initiated to implement
these findings.

The Bureau also provided advice on siting and safety criteria for the Com-
mission's design-cost study of a possible replacement reactor for H1FAR and has
continued to develop the documentation of basic safety requirements for the
Commission's nuclear plants.

QUANTITATIVE RISK ASSESSMENT
Publication during the year of a report by the Risk Assessment Review

Group in the USA (the "Lewis Report") and the occurrence at Three Mile Island
Unit 2 of the first potential core melt accident in a nuclear power station, have
focused attention on the use of quantitative risk assessment in the field of nuclear
energy.

The major published use of quantitative risk assessment in this field to date
has been the US Reactor Safely Study, An Assessment of Accident Risks in US
Commercial Nuclear Power Reactors (US NRC Report WASH-1400), also
known as the "Rasmusscn Report" or the Reactor Safety Study (RSS).

Because of criticism of the RSS and the uses to which it had been put in
public discussions of risk, the US Nuclear Regulatory Commission (NRC)
established in June 1977 a Risk Assessment Review Group under the chairmanship
of Dr H. W. Lewis of the University of California to "assist the Commission in
establishing policy regarding the use of risk assessment in the regulatory process"
and to "clarify the achievements and limitations of the RSS".

This Review Group submitted its report on 7 September 1978. One of its
major findings was that the RSS had been a substantial advance over previous
attempts to estimate the risks of nuclear energy generation. At the same time it
concluded that the levels of uncertainty placed on assessed risks were much greater
than had been asserted. While supporting the general methodology of the RSS and
recognising its confribution to assessing the risks of nuclear power, the Review
Group was critical of certain aspects, in particular some of the calculational tech-
niques, the misleading nature of the Executive Summary, and the inadequate
attention paid to the criticism of the draft by peer review. Because the un-
certainties in the estimates of accident probabilities were considered to be greatly
understated, the Review Group recommended that the overall risk estimates of the
RSS should not be used uncritically and without qualification, cither in the
regulatory process or for public policy purposes.

The NRC subsequently issued a statement of policy concerning its view on
the RSS in the light of the findings of the Review Group. The NRC said that it
accepted the findings of the Review Group and was taking steps to respond to them,
including extending and strengthening the uses of quantitative risk assessment
techniques in the regulatory process. In particular, the NRC withdrew any explicit
or implicit past endorsement of the Executive Summary, and stated that it no longer
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regarded "as reliable the Reactor Safety Study's numerical estimate of the overall
risk of reactor accident".

However, it is important to recognise that the NRC has not declared nuclear
reactors unsafe or less safe than previously believed. Neither has it in any way
repudiated the general methodology used in the Reactor Safety Study.

DEVELOPMENT OF AUSTRALIAN NUCLEAR CODES
The Environmental Protection (Nuclear Codes) Act 1978 provides for the

protection of the health and safety of the people of Australia and of the environ-
ment from possible harmful effects associated with nuclear activities.

With these provisions in mind, three codes of practice are being developed
by a Commonwealth-State Consultative Committee:

* Radiation Protection in Mining and Milling of Radioactive Ores.
0 Transport of Radioactive Ores.
e Waste Management in Uranium Mining and Milling.

Commission officers contributed to discussions and provided technical
advice to working groups drafting these codes of practice.

NUCLEAR-PROPELLED SHIPS
The following visits by nuclear-powered warships to Australian ports took

place during the period under review — the USS Bainbridge to Darwin, the USS
Enterprise and USS Long Beach to Fremantle, the USS Tntxtun and USS Tunney
to Cockburn Sound, Western Australia.

In accordance with the approved environmental monitoring procedures for
such visits, a joint Commonwealth-State team carried out radiological monitoring
in the vicinity of the berths for the duration of each visit. On each occasion a
Commission radiation protection officer was leader of the team. All visits passed
without incident

Commission officers continued to advise both Commonwealth and State
Government departments on the safety aspects of visits by nuclear-propelled war-
ships and assisted in establishing emergency organisation and radiological
monitoring teams.

The Nuclear Merchant Ship Otto Hahn has been taken out of service by the
West German Government after sailing 600,000 miles over a ten-year period of
incident-free operation. The Government, which has provided 85 per cent of the
funding, considers that continued operation of the vessel is not warranted. The
Otto Hahn, which had been operating on a combined research-cargo carrying
basis, was never intended to be commercially viable.

The Canadian Government announced a design study for a nuclear-powered
icebreaker to be used for keeping Arctic shipping routes open for longer periods
each year and to assist in the development of mineral deposits in Canadian North-
West Territories. The endurance of conventionally-powered icebreakers is only
about four weeks, whereas a nuclear-powered vessel would require refuelling only
at intervals of 15-20 months.

The USSR already operates three nuclear-powered icebreakers and currently
is analysing operating experiences with these vessels to provide data for the next
stage of its ten-year nuclear ship development program. This is thought to involve
container ships with ice breaking facilities.
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The Japanese Nuclear Ship Miitsu is currently undergoing modifications to
its radiation shielding after defects were found during commissioning. The repairs
are being carried out in the Sasebo Dockyard in Kyushu.

Work on the development of a Code of Safety for Nuclear Merchant Ships
by the Inter-Governmental Maritime Consultative Organisation (IMCO) has been
proceeding and the fifth draft of the Code is now available for review and comment
by member States and other interested organisations. The Code is to be submitted
to the 1981 IMCO Assembly for adoption.

The Commission has provided technical advice to the Department of
Transport for submissions to the IMCO Working Group developing the Code and,
where possible, these submissions have been presented at Working Group meetings
by the Commission's overseas liaison officers on behalf of the Department of
Transport. During the year, Dr R. Smith, Counsellor (Atomic Energy), Aus-
tralian High Commission, London, attended a meeting in London in June 1978;
Dr R. J. Knight, Counsellor (Atomic Energy), Australian Embassy, Washington,
attended a meeting in Ottawa in October 1978. hi May 1979, a specialist technical
committee met in London under the joint auspices of IMCO and the International
Atomic Energy Agency ( IAEA) to formulate recommendations for the use of
ports by nuclear ships. Australia was represented at this meeting by Mr G. K.
Greenslade, a senior engineer from the Commission's Nuclear Plant Safety Unit.
The document formulated at the meeting is to be submitted to both IMCO and
the IAEA for ratification and wil l be published as an appendix to the IMCO
Code of Safety and as a free standing document by the IAEA.

INTERNATIONAL COLLABORATIVE STUDIES

The Commission continued to support the work of the IAEA in developing
international safety codes and guides for nuclear power plants by reviewing and
commenting on these documents at the draft ing stages.

Close interest is being maintained also in the work of the following OECD
Nuclear Energy Agcncy-CSNL Working Groups.

« Fuel Cycle Safety.
0 Task Force on Rare Events.
e Site Selection Practices in Member Countries.
8 Emergency Core Cooling — Standard Problems.
0 Human Error Data.
° Pressure and Temperature Loads on a Reactor Containment After a Loss

of Coolant Accident.

This interest also covers international effort examining the problems of
decommissioning nuclear facilititics.

DELAYED EFFECTS OF EXPOSURE TO RADIATION

No major studies of new data on the delayed effects of exposure of human
populations to ionising radiation were published during the year. However, in
May 1979, the US National Research Council's Committee on the Biological
Effects of Ionising Radiations (the BEIR Committee) made public the summary
and conclusions, with supporting extracts, of a major review of current information.
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The Committee's current estimates of the adverse effects on human populations
of exposure to low levels of radiation, derived from observed risks at higher doses
on the assumption that risks are proportional to dose (the linear hypothesis), are
not significantly different from those the Committee published in 1972, and are
similar to those published in 1977 by the United Nations Scientific Committee on
the Effects of Atomic Radiation.

Five out of 16 members of the sub-committee dealing with cancer risks were
strongly of the opinion that the linear hypothesis over-estimates effects at low levels
of exposure to beta radiation, X- and gamma-rays. (These radiations are a major
component of the natural radiation background, medical irradiation and radiation
from the nuclear fuel cycle.) Their view was attached as an addendum to the
main report. The full report was submitted to the US Environmental Protection
Agency, which supported the study.

Claims made in 1977-78 that risks at low levels were significantly greater
than predicted by the linear hypothesis (the Hanford study, early entrants to
Hiroshima following the bombing, US military personnel exposed in nuclear
weapons testing and US Navy shipyard workers) were not substantiated by review
in 1978-79. The US National Institute of Occupational Safety and Health has
initiated a study of health and mortality at the shipyard from which a sample
provided the basis for the 1978 claim, while the US Department of Energy began
a larger study, covering seven US shipyards which have been involved in nuclear
propulsion. Additionally, a US Federal Government Interagency Task Force on
Ionising Radiation has made recommendations on administrative arrangements to
co-ordinate Federal research programs into the biological effects of ionising
radiation, and published in draft in April 1979 (Report of the Intcragency Task
Force on Ionising Radiation on Institutional Arrangements).

DISPOSAL OF CONTAMINATED MATERIAL AT
HUNTER'S HILL, NSW

The joint recommendations of the Commission and the Health Commission
of NSW on disposal of contaminated material located beneath residences at
Hunter's Hill, a Sydney suburb, were forwarded to the Minister for National
Development and the New South Wales Minister for Health in March 1979.
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5
RESEARCH

The Commission conducts a wide range of research and development which
either has direct application in the nuclear field or is nuclear-based with application
in other fields. A selection of research topics is reported in this and the following
chapter (Radioisotopes and Radiation). A broad listing of the scope of Com-
mission research programs is given in Appendix D — AAEC Research and
Assessment Programs.

During 1978 management of research was reorganised. The positions of
Program Managers, each responsible for a distinct program, were abolished and
Research Divisions became directly responsible to a new position of Deputy
Director, Research. Consequently the research topics reported here are grouped
under general subject headings that may not correspond to the previous programs.

The approximate distribution of research expenditure among the main
research programs during 1978-79 is given in Figure 8 (see page 57).

LASER RESEARCH
DISSOCIATION OF MOLECULES BY CARBON

DIOXIDE LASERS

When a molecule absorbs an intense pulse of infra-red light at one of its
resonant frequencies it will dissociate by a process known as multiphoton
absorption. The phenomenon was announced by Russian and American researchers
in 1974 and has been a Commission research topic since 1973. Under some
circumstances and for some molecules, a high degree of frequency selectivity exists
and, since resonant infra-red frequencies depend on the atomic masses (that is
on the isotopic species present), the phenomenon has some possibilities as a
means of isotope separation.

By far the most convenient of the infra-red lasers is the carbon dioxide
(COs) laser, several of which have now been built by the Commission. These
are pulsed, transversely excited, tuned by a diffraction grating, and range in power
up to 5 joules per pulse. The most recent laser of this type assembled by the Com-
mission can work at a repetition rate of 20 hertz with an output approaching 20
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watts. These lasers were use.! in a series of dissociation experiments, inainly on
gaseous uranyl compounds with various novel formulae, and were used also in
subsidiary studies of non-uranium compounds.

Jn other experiments the profiles of infra-red absorption peaks were studied
with sample gas pressures as low as 1 pascal in multi-pass absorption cells with
a total absorption path up to 18 metres. Such experiments are possible only with
a laser bsam. Consequently a line-tuned, continuous, low power laser was con-
structed, working either with carbon dioxide or nitrogen oxide (NL.O). This laser
is used also as a diagnostic probe to explore the transient species produced by
the more powerful pulsed lasers.

URANIUM PROCESSING
PRODUCTION OF URANIUM HEXAFLUORIDE

A novel process, patented by the Commission, to produce uranium hcxa-
lluoricle (UF ( i) by reaction of u ran ium tetrafluoride with oxygen in the presence
of a plat inum catalyst has been studied on a pilot plant scale for more than two
years. The potential advantage of this process over the conventional route is thai
it does not use fluorine gas which requires an electrolysis plant for its production.

Experiments in a pilot plant, using a 150 mm diameter fluidiscd bed reactor,
showed that the reaction of u ran ium tetrafluoricle (UF. t) with oxygen was increased
by a factor of 5-10 at 650°C by the addition of 1-5 weight per cent of fresh
catalyst. However, the commercial prospects of the process arc affected by two
problems. First, poisoning of the catalyst occurred with prolonged use in the pilot
plant whereas this was not observed in earlier, smaller scale laboratory studies.
Second, intermediate u ran ium fluorides (e.g., UF.-,) were produced which reduced
UF,j yields and tended to block the off-gas filters.

Both problems could be overcome, but with economic penalties. It was found
that production of intermediate fluorides could be minimised by operating with
feed dilute in uranium tetrafluoride but this would require a much larger fluidised
bed reactor for a given rate of u ran ium hexafluoride production. The catalyst was
regenerated during the reduction and hydrofluorination reactions which are
necessary for recycling the uranyl fluoride formed as a by-product of the primary
reaction. In practice, 'however, higher catalyst concentrations were required to
od'set the effects of catalyst poisoning. Because of these factors, continued
development of the process could not be justified and experimental work was
terminated at the end of 1978.

Minor modifications have been made to the pilot plant so that uranium
hexalluoride for experimental work can be produced by the conventional method
of direct f luor ina t ion of u ran ium tctrafluoride.

ALTERNATIVE OX1DANTS IN LEACHING OF
URANIUM ORES

An oxidant, either pyrolusitc or sodium chlorate, is usually required in the
acid leaching of uranium ores to convert tctravalent uranium to the more
extractable hexavalenl form. Pyrolusite has been proposed for use in Northcni
Territory mills, but has the disadvantage that it forms manganous ion which is a
potential pollutant in the waste. Sodium chlorate is commonly used overseas but
is not favoured for Australian mills which will recycle process solutions to
minimise water usage. Under recycle conditions, chloride levels build up in the
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Figure S. Approximate expenditure on each research program as a
percentage of total research expenditure, 1978-79.

process solutions and result in deterioration in performance of solvent extraction
equipment. Hydrogen peroxide is an attractive oxidant on environmental grounds
because its decomposition product is water, however it has the disadvantage of
high cost.

Research showed that 'hydrogen peroxide and its derivative, pcroxy-mono-
sulphuric acid (Caro's acid), are equally as effective as pyrolusitc, but on a weight
basis much smaller quantities of hydrogen peroxide are consumed. In addition,
sulphuric acid requirements are reduced by 10-25 per cent. Caro's acid is utilised
more effectively than hydrogen peroxide because of its greater stability under
leaching conditions. Research work is continuing to determine the most suitable
conditions for leaching Northern Territory ores.

MATERIALS RESEARCH

MARAGING STEELS

The Commission is developing technology for u r a n i u m enrichment by the gas
centrifuge method. In support of the program a study is being made of maraging
steels as potential materials for the construction of centrifuge rotors. The structural
attributes needed for this application arc a high strength to weight ratio, high
creep resistance under load to prevent distortion, good stress corrosion resistance
in service environments, and satisfactory fracture toughness. Maraging steels
combine strength and considerable toughness with easy fabrication. In addition,
steel forming and handling procedures are well understood compared with the
manufacturing processes needed to produce, for example, a carbon fibre rotor.

In the solution treated condition, maraging steels arc relatively soft and may
be formed at room temperature before the development of high strength by ageing
at 500°C for several hours. Commercially available steels have tensile strengths
up to 2,500 ncwlons per square millimetre, at which level they still have some
ductility and, more important, acceptable fracture toughness. Because of their
high strength, maraging steels may be >^ed to construct th in section rotors with
very high strength to weight ratios. As they are expensive steels, due to high
nickel, cobalt and molybdenum contents, the use of th in sections is economically
desirable.

Many aspects of the fabrication and use of maraging steels have been
investigated. Variations in composition and related thermo-mechanical processing
methods have been studied using both commercial alloys and in-house cast material.
Particular attention has been given to the thermal treatment required to produce
fine grained, single phase microstructurcs which, after ageing, will 'have acceptable
combinations of strength, toughness and ductility. M i n i m u m solution temperatures

57



and times to achieve these properties have been established. Alloys with ultimate
tensile strengths of 3,000 newtons per square millimetre hive also been examined.'
In composition these alloys are significantly different from lower strength alloys
and their thermo-mechanical treatment is more complex. Solution treatments for
these steels have been established and studies are under way to identify a number
of unknown, or ambiguously identified, precipitates which can have beneficial or
deleterious effects on strength and toughness.

Using American Society of Testing Materials fracture toughness test standards
as a basis, a study was made of the variation in fracture toughness of maraging
steels with thickness. These tests confirmed reported results for other steels. Thin
sections of maraging steels had better fracture toughness than the same material
in thicker sections. One millimetre thick steel was 70 per cent tougher than
material 5-10 millimetres thick.

Dimensional stability under rotating load is of critical importance for centri-
fuge operation. Since there are no reports in the literature giving ambient
temperature creep properties of maraging steels, this characteristic was investigated.
Creep properties, described by a single parameter for each stress, were measured
directly at constant stress using high sensitivity apparatus over times extending to
several days. The same parameter was derived from stress relaxation measurements
which take only a few minutes. The stress relaxation technique was judged
sufficiently accurate to warrant its application where design information is required
quickly.

CREEP OF MATERIALS

To gain a better understanding of the behaviour of structural materials under
normal operating conditions, it is important to study the deformation and fracture
of materials at raised temperatures. The Commission continued in-reactor and
out-of-reactor creep tests on zirconium alloys as part of a collaborative creep
program with the United Kingdom Atomic Energy Authority (UKAEA). The
results of creep and growth measurements on cold-worked zirconium-2.5 per cent
niobium alloy obtained at 563°K with doses up to 6 x 1024 neutrons per square
metre were discussed with workers in the UKAEA and this led to a clearer picture
of the complex mechanisms involved. Experience with the present creep rigs has
proved to be important in the development of an improved rig which will permit
more accurate measurement of creep and growth strains in specimens under test
in the Commission's icactor HIFAR.

IRRADIATION OF A FUEL PIN IN THE RIG X-17O

The first Zircaloy clad, uranium dioxide (UO2) pellet fuel pin was operated
in the high pressure hot water loop X-170 from 20 October to 13 December 1978.
The pin was designed to operate at a total power level of up to 30 kW. During
operation, data were collected from the loop in condensed form using a rig data
acquisition system. A special interactive program, developed for the Commission's
IBM computer, was used to retrieve the data. The experimental information in
turn was used in conjunction with a US fuel performance code to predict the
maximum centre temperature of the UOo pellet and the extent of any pellet-
cladding interaction. The predicted maximum temperature was 1,900°C — a safe
value — and no pellet-cladding interaction was expected. The irradiation was
extended from the originally planned single HIFAR operating period to include a
second period.
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The fuel pin is now in storage awaiting examination in a high activity
handling cell. This will take place during 1979. The results of a detailed post-
irradiation examination of the pin will be used in the design of a second fuel pin
for an irradiation experiment after the major shutdown of HIFAR late in 1979.

ACOUSTIC EMISSION

For many years man .ias recognised and given heed to various audible
warnings from materials under stress — the familiar "cry" of tin and the creaking
of timber supports for example. Now, after a number of years of research, acoustic
emission has become a serious inspection tool with commercial and industrial
applications. The technique has been used in examining pressure vessels and
pipelines, and studying stress corrosion defects and phase changes in metals. The
Commission provides an acoustic emission service to industry.

The essential requirement is to be able to detect the acoustic emission from
localised regions of deformation or cracking. This is done with piezoelectric
transducers attached to the structure. If three (or more) transducers are used it
is possible to monitor the arrival times of a signal from a particular source and
to calculate the position of this source by triangulation. Advances in electronics
and instrumentation allow this computing procedure to be carried out during an
actual test.

The Commission has a flaw-imaging computer which has been used in
collaboration with industrial and government organisations to test various
structures. Recent applications of acoustic emission testing include:

• Proof testing a ship's boiler following a routine overhaul.
• Continuous monitoring (for ten days) of a buried steel waterpipe to see if

local earth movement can be detected. The results are being assessed.
• A test to destruction of a 480 mm diameter gas main that had been taken

out of service because of a suspected defective weld.

ULTRASONIC TESTING

An automated system to examine components using ultrasonic test beams is
being developed. The system is designed to use a microcomputer to provide
automatic scanning, data collection and display of signals. Data can be collected
on punched tape and transferred to the Commission's central computer for further
processing to give simulated three-dimensional graphic displays of detected flaws
and the precise location of defects.

REACTOR SAFETY STUDIES
The safety of nuclear fission reactors has continued to be an important part

of the Commission's research program. Much of this work has related to loss-of-
coolant accidents in water-cooled reactors. The loss-of-coolant accident, or LOCA,
is one of the major hypothetical accidents taken into account in the licensing of
pressurised-water and boiling-water reactor (PWR and BWR) power stations
and also must be considered for other types of nuclear plant. The term LOCA
covers a wide range of postulated fault conditions, including complete rupture of
the reactor coolant circuit. In all cases, as coolant escapes, the pressure would
tend to rise in the sealed containment building which surrounds the reactor to
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prevent the escape of any radioactivity to the environment. The temperature of
fuel elements would begin to rise until emergency core cooling was brought into
operation.

It is clearly not practicable to undertake experimental investigations of LOCAs
in the reactors themselves, particularly in large nuclear power stations of (say)
3,000 MW thermal power, because of the disruption of operating schedules and
the likelihood of damage to their fuel elements. The behaviour of reactors under
the postulated conditions can only be calculated, and therefore methods have
been developed for predicting the responses to various faults and malfunctions of
equipment.

Each accident analysis is performed by means of a computer code which
evaluates the thermohydraulic processes taking place within the system, represented
in the code essentially as an arrangement of interconnected ducts and vessels of
various sizes. Each process is described by a formula derived from experimental
data. Several formulae may be required to represent a particular thermohydraulic
process as the conditions change. Confidence in the overall accuracy of such
predictions has to b2 established by ensuring that these formulae arc valid over
suitably wide ranges of conditions, and by testing the calculational methods used
against results from relatively small-scale LOCA experiments.

The Commission's studies in this field, although consti tuting only a modest
program, serve to provide an in-depth understanding of overseas work, and to
develop expertise which has been particularly valuable when providing advice to
government.

Similar work, though more elaborate, extensive and on a much larger scale,
is being done in several countries overseas. In the USA in particular, thermo-
hydraulic processes wi thin a reactor core arc being investigated experimentally on
a small 55 MW (thermal) reactor. In this experiment, known as LOFT (Loss Of
Fluid Test), the test reactor is suddenly dcprcssurised to simulate accident
conditions and the various thcrmohydraulic processes arc monitored.

The Commission's investigations reported below concern the derivation and
validation of important relationships in the accident analysis calculations.

REACTOR CONTAINMENT

Design of the reactor containment is of great importance for public safety
since it is the ul t imate barrier to the escape of radioactive materials released by
a reactor under accident conditions. The Commission is studying the complex
processes that would occur if all primary coolant water was discharged (as a
steam-water mixture) into the containment, leading to a rise in containment
pressure and wall temperature. In these circumstances, the heat transfer from the
steam-water-air mixture to the containment surface is a major factor influencing
the pressure rise. Heat transfer data obtained from steady-state experiments at low
fluid velocities are generally used in containment analysis codes, whereas during
an actual steam-water discharge the temperature and pressure change rapidly,
with varying and sometimes high fluid velocities.

Small-scale experiments on full-pressure containment (i.e. air-filled contain-
ment without pressure reduction facilities) were undertaken by the Commission
to provide data for comparison with results obtained from containment analysis
codes. The variation of pressure and temperature with lime was measured during a
steam-water discharge. The variation of heat transfer wilh time was also measured

60



at a given point on the simulated containment wall. Results from the analysis of
a series of experiments made under various conditions indicate that the heat
transfer behaviour can be substantially different from that normally assumed. The
heat transfer estimates used in the codes tended to be low and thus overestimated
containment pressure rise relative to the experimental values. This gave a conser-
vative result, though the margin of safety was not indicated. Based on the experi-
ments, an alternative heat transfer calculational method was devised which, when
used with the Commission's own simplified containment-analysis code, improved
predictions of the experimentally determined pressure rise. It is proposed to extend
the range of application of this work by studying the results from overseas
experiments with larger and more complex containment models.

The Commission is also using an overseas code in international exercises,
co-ordinated by the OECD, to calculate pressure and temperature loads on
reactor containments following a LOCA. The first exercise relates to an experiment
at the Battelle Institut, Frankfurt , Germany, using a modelled full-pressure con-
tainment consisting of several interconnected compartments into one of which a
pressure vessel is discharged.

HEAT TRANSFER IN REACTOR CORES UNDER
ACCIDENT CONDITIONS

Following a LOCA in a water-cooled nuclear power reactor, depressurisation
of the high temperature coolant (300°C) in the reactor pressure vessel would
cause complex changes in coolant flow and heat transfer within the reactor core
and initiate immediate reactor shutdown. Initially after shutdown, the core would
generate some seven per cent of fu l l power nuclear heat which would decrease
rapidly over the first few hours and fall thereafter at a progressively slower rate
to about half a per cent after several days. This heat, together with the heat
stored in the hot fuel rods, is substantial and could result in excessive fuel
cladding temperatures immediately after depressurisation, due to rapid localised
steam generation and dryout of fuel rod surfaces. This could lead to fuel element
damage, and the consequent release of radioactivity into the containment.

Formulae for predicting the onset of dryout, and surface temperatures under
post-dryout conditions, arc essential for accident analysis calculations. These
formulae are derived by correlating experimental heat transfer data for various
coolant flow conditions.

A set of formulae has been assembled for predicting the thermohydraulic
conditions at which dryout would occur on some fuel rods. Using a large bank
of data from overseas experiments, a computer code has been developed to test
the formulae for validity and range of application.

The rate of increase in temperature of the fuel element cladding revealed
by the dryout phase of the accident analysis calculation determines the available
time interval before activation of the emergency core cooling system to prevent
fuel rod damage. An investigation, which includes experiments with heat transfer
surfaces in dryout conditions, is in progress to assess the validity of formulae used
for this calculation. Experimental techniques and the associated analytical method
are being developed with small-scale heat transfer experiments using the refrigerant
Freon-12, which has the advantage of much lower dryout temperatures than
water. Initial results indicate that a stable layer of superheated coolant vapour
blankets the tube surface, separating it from the main liquid-vapour coolant flow,
and thus has the major influence on wall temperature.
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PROTECTIVE SYSTEM RELIABILITY ANALYSIS
In recent years the Commission has developed techniques and computer

programs for estimating the reliability of plant protection systems. The techniques
provide quantitative estimates of the probability of a system fulfilling its task.
They have been applied primarily to estimation of the reliability of high-integrity
protection systems whose function is to monitor the behaviour of plant and place
it in a safe condition if abnormal behaviour is detected. Examples are the system
which isolates the containment building of the Commission's reactor HIFAR if
radioactivity is released inside it, and the protection system which initiates a reactor
trip (rapid power reduction) if an in-core rig experiment malfunctions.

To avoid the problems inherent in splitting systems into smaller subsystems
for analysis, emphasis is placed on computer programs able to analyse large
practical systems efficiently. Programs have been developed which can analyse,
in a few minutes, systems with several hundred potential component failure modes,
and are at least as good as other known programs. Publication of this work
attracted requests from government and private organisations for consultation.

Tht present computer programs were intended for use by reliability specialists.
However, in many cases, it is preferable for the designers of systems to apply the
techniques themselves. Further work is being done to provide a suite of interactive
computer programs that will allow non-specialists to develop initial reliability
estimates and to determine the areas of the design most sensitive to failure and so
would benefit most from redesign or modification. Among other benefits, the
techniques 'will provide a procedural framework for the designer and clear
documentation of his reliability analyses. This explicit documentation itself will
assist in later review for licensing and modification purposes.

APPLICATION OF NUCLEAR TECHNIQUES
NEUTRON AND ION BEAMS FOR ANALYSIS

Neutron and ion beam techniques have increasingly important roles in non-
destructive testing and analysis of a wide variety of materials. Several methods
have been developed using either the 100 kW reactor "Moata" or the 3 MeV
Van de Graaff accelerator. The methods comprise neutron activation analysis
(NAA), radiography, ion scattering and channelling, proton induced X-ray
emission (PIXE) and proton induced gamma-ray emission (PJGME).

The various experimental techniques have been refined to give improved
resolution and to allow for wide variations in count rates. Using single elements
and then compounds, catalogues of data have been built up for X-ray and
gamma-ray yields for a large number of elements. Typical PJXE spectra show the
characteristic feature of a broad, smoothly varying background arising chiefly
from bremsstrahlung radiation, together with many characteristic X-ray lines which
identify the elements present in the samples. A synthesis code has been developed
which enables 25 or more elements to br identified simultaneously. This is used
in conjunction with a theoretical code which relates peak areas to concentrations
in any given multi-element sample.

No single method is applicable to all elements at all concentrations. It is
frequently beneficial to use two methods, such as PIXE and P1GME, simulta-
neously. In this way, problems of overlap are minimised and concentrations of
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0.01 per cent can be detected with quantitative accuracy of order 10 per cent.
Typical irradiation times are about ten minutes. Irradiation, sample changing and
primary analysis are controlled by an on-line computer. With minimal manpower,
up to 1,000 samples can be analysed in a week of continuous operation.

These techniques are applicable to materials such as minerals, archaeological
samples, special surfaces, samples from environmental monitoring and biological
specimens. Comparison between the P1XE and NAA methods of assay of thorium
samples have shown consistently good agreement for identical samples. Using
"Moata", 100 thorium samples can be irradiated simultaneously in one working
day and subsequently analysed to a sensitivity of 1 microgram of thorium per gram.
The PIXE technique is useful for thorium concentrations above about 10 micro-
grams per gram if competing elements are absent.

Determinations of uranium using the PIXE technique were verified with
the "Moata" uranium assay rig which uses the delayed neutron method and good
agreement was obtained. Delayed neutron analysis is still favoured by workers in
areas outside the uranium fuel cycle as a reliable method of uranium determination
for geological and archaeological dating.

Another technique which is being applied to an increasing range of applica-
tions is implantation, which has widespread application in semi-conductor and
surface technology. Modified zones which have been created in silicon wafers by
proton and alpha particle implantation are being assessed for use as infra-red
waveguides. Nuclear backscattering and channelling are used to measure depth
profiles of implanted layers, as well as to determine the amount of lattice damage
present and the location of foreign atoms within a crystal lattice.

Borehole logging is another field in which techniques developed by the Com-
mission are being applied. Calculational techniques developed for radiation
shielding and reactor studies are being applied to provide insight into the use-
fulness of logging techniques. Using a neutron source for mineral logging,
measurements are made of both neutron and gamma-ray fluxes. However, these
fluxes are dependent on borehole sizes and water content.

NEUTRON ACTIVATION ANALYSIS

Optimisation and updating of the computer programs and data acquisition
systems for gamma spectrometry analysis have led to significant improvement in
resolution and detection limits for a wide range of elements. The improved
program was applied to the determination of 28 elements in black coals from
New South Wales. Concentrations measured ranged from 0.1 micrograms per gram
for tantalum and 0.2 for terbium to 5,000 for iron.

Neutron activation analysis (NAA) procedures were developed for bromine
in petrol and zinc in sea-water, in response to requests from outside organisations.
Thirty-two samples of petrol were analysed by instrumental NAA after irradiating
250 milligrams of each sample in sealed quartz vials. Zinc was separated from sea-'
water by adsorption on a column of chelating ion exchange resin which was then
irradiated in the scactor, and the zinc precipitated as the sulphide. The concentra-
tions of zinc fou;Jd in sea-water by this method (1 microgram per litre) agreed
with values determined by direct anodic stripping voltammetry.

Two officers of the Commonwealth Police Force are attached to the Com-
mission's Research Establishment to carry out forensic analysis of a wide range
of materials such as contraband drugs, using NAA and other analytic techniques.
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GERMANIUM LITHIUM GAMMA-RAY DETECTOR

3!
SILICON LITHIUM
X-RAY DETECTOR

OBSIDIAN SAMPLE BEING IRRADIATED

Above: In the Physics
Division Laboratories,
obsidian samples after
mounting on a target
holder are loaded into a
nuclear analysis facility
for element concentra-

tion measurement.

Left: The target holder
containing the obsidian
samples is moved
through a proton beam
and the emitted X-rays
and gamma-rays are
detected by a 12 mm2

silicon lithium detector
and a 120 cc germanium
lithium detector respec-

tively.
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Irradiated petrol in a quartz
vial (left) is loaded (below)
into a gamma spectrometer
at Lucas Heights as part of
the determination oj its
bromine concentration by
instrumental neutron acti-
vation analysis. This
analysis technique is the
most suitable method to
use on this volatile, ex-

plosive material.
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NEUTRON RADIOGRAPHY

Neutron radiography is a non-destructive technique which is complementary
to X- and gamma-radiography. The Commission is registered by the National
Association of Testing Authorities as a competent authority to perform this test
and a service to industry has been available since 1974.

In a recent investigation neutron radiography was used to locate components
in a heart pacemaker. A study of the formation of voids in pacemaker batteries
is being carried out in the USA and the Australian manufacturers of pacemakers
are following these investigations using Commission facilities. A joint project with
Aeronautical Research Laboratories was initiated in 1978 to assess the use of
portable neutron sources for the detection of corrosion in aircraft frame structures.
Some radiographs of typical aircraft frames were prepared using the reactor
"Moata" as a source of neutrons and information on suitable portable neutron
sources is being collected. The technique is also used for examination of hydraulic
brake hoses to determine leakage paths of oil in the hoses and couplings of
Qantas Boeing 747 aircraft.

ANALYTICAL CHEMISTRY TECHNIQUES
ANALYTICAL SPECTROSCOPY

A procedure was established for measuring lithium isotope abundance ratios
by a direct absorbance ratio measurement using atomic absorption spectrophoto-
metry. The stability of ihe system is excellent, and it has been possible to obtain
a calibration in the range 6-8 atom per cent of lithium 6. The precision of the
measurement at the natural level (7.56 atom per cent) is plus or minus 0.2 atom
per cent.

A rapid emission spectroscopic method was devised for the determination of
boron in silicate-based materials including soils and fly ash. A spectroscopic buffer
consisting of lithium fluoride and graphite is added to the sample to overcome
matrix effects, and germanium is added as an internal standard. Using this tech-
nique, boron can be determined at the parts per million level with a precision and
accuracy of plus or minus 10 per cent.

A new computer program was developed for X-ray spectrometry. It allows
direct determination of the weight fractions (concentrations) of elements present
in the sample using primary fluorescence intensity values as the input data. The
program also calculates both secondary (absorption) and tertiary (enhancement)
effects.

ELECTRODEPOSITION METHODS FOR HEAVY
METAL ANALYSIS

The method of electrodeposition of heavy metals in a graphite tube electrode,
using a flow-through arrangement, for analysis by atomic absorption spectrometry,
was developed in collaboration with the University of New South Wales. The
technique has been extended for the determination of chromium speciation in
natural waters. By altering the potential for clcctrodeposition, either chromium
(VI) or both chromium (III) and chromium (VI) can be deposited. This tech-
nique was combined with ion-exchange and ultra-violet irradiation steps in a study
of chromium species in sea-water. Chromium (VI) was found to be dominant in
the samples studied, with most present as labile forms.
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The distribution of current density and hence of deposited species along the
graphite tube electrode was studied using radiolracers. The difference between the
effects of uniformly deposited metal and non-uniformly deposited metal on its
atomisation characteristics was shown to be insignificant.

ENVIRONMENTAL STUDIES
The Commission established an Environmental Science Division at its

Research Establishment during the year to consolidate a variety of environmental
research projects.

As a result, the program of research and field studies of the effects of mining
and milling operations has been strengthened. In principle, much of the program
is concerned with identification of factors that contribute to the complex behaviour
of metals when they are released into the environment, and hence with under-
standing the ways in which pollutants are transported.

RADON IN URANIUM MINING AND MILLING

Release of radon gas from uranium ore and tailings is a potential occupational
and public health hazard in uranium mining and milling. Experimental studies have
been undertaken to determine the factors affecting radon release to the environment
and methods of radon removal from air streams.

Most radon formed is held within the mineral structure c>nd the fraction that
escapes, termed the emanation coefficient, depends on grain and particle size,
mineralogy, ore grade and moisture content. Measurements on Australian ores have
established that the emanation coefficient is very sensitive to changes in moisture
content. Absolutely dry materials have a very low emanation coefficient. As the
water content is raised from 0 to 2 weight per cent, the coefficient increases
rapidly. Above 5 weight per cent water, there is little further change. These effects
are important in determining radon release from a tailings dam under conditions
of water saturation during mill operation, and during the rehabilitation stage when
the tailings begin to dry out.

Radon that escapes from its source is free to migrate to the environment
by molecular diffusion or flow of the pore gas due to changes in atmospheric
pressure or temperature. An experimental rig has been set up to study migration
of radon through ore and tailings piles. Changes in atmospheric conditions, such
as pressure, wind, rainfall and temperature, can be simulated to determine their
effect on radon exhalation. The effectiveness of various tailings covers, such as
soils and clays, in suppressing release of radon also is being evaluated.

Activated carbon is the best known adsorbent for radon and is currently
used for analytical purposes. A possible large scale use is the removal of radon
from underground mine air. Activated carbon could be used also in gas masks for
short-term exposure to air containing higli radon concentrations and as part of a
ventilation system i'or cabins of earth-moving equipment at uranium mines.

Experimental studies showed that, at ambient temperature, one kilogram of
dry activated carbon is capable of adsorbing all the radon from about 5 cubic
metres of air. The activated carbon can be regenerated and the radon concentrated
by heating it above 100°C in an air stream. While it is technically feasible to
remove radon from underground mine air, in practice very large beds of activated
carbon would be required.
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CHEMICAL STUDIES
The principal pollutants of interest arc the heavy metals, nuch as copper

and manganese, and the radiological pollutant radium. These may be present
either in solution or adsorbed onto solid material. In solution the metal will be
present in the form of a number of dissolved species whose nature and composi-
tion can have a significant bearing on the toxicity of the metal. The fundamental
parameters which determine the nature and composition of these species 'have been
measured for copper, uranium and lead in water in the absence of a complexing
agent.

The ways in which heavy metals are transported through soils are being
determined using basic adsorption techniques and direct measurement through
soil columns. The adsorption studies have revealed some anomalous effects at
the low concentrations found in the environment. Present work using pilot rigs
will be expanded to include a multiple soil column rig.

TRACE METALS IN INTERSTITIAL WATERS
The determination of trace metals in the water contained in sediment inter-

stices (or pores) is important for understanding the distribution of trace metals in
aquatic systems. The Commission has developed a new technique for separating
interstitial waters from sediments which involves adding an inert, dense fluoro-
carbon solvent to the sediment, then centrifuging the mixture so that the heavy
solvent displaces water from the sediment pores. The water separates on top of
the solvent layer and can be collected for trace metal analysis. Tests have shown
that a negligible fraction of the metal dissolves in the layer of organic solvent.

This technique was used with samples from the Port Hacking Estuary and
the Woronora River in New South Wales. The metal content of waters from the
upper layers of sandy sediments from these sites was similar to that of their
overlying waters. However, a greater than twofold enrichment was measured for
metals in the pore waters of mangrove sediments which are depleted in oxygen
and rich in organic matter and sulphur bacteria.

MEMBRANES FOR SEPARATING DISSOLVED POLLUTANTS
It is necessary in waste water treatment to concentrate the polluting sub-

stances from the bulk water medium. Methods are required to do this selectively
and one.attractive technique ishyperfiltration (or reverse osmosis). In this process
a membrane is used which is selectively porous and allows pollutants to be held
back while the water passes through under pressure. Presently available membranes
are expensive to the point of making the process uneconomic for most potential
applications. The Commission is developing disposable, low cost membrane
modules, suitable for use in the nuclear industry. However, there are clearly much
broader areas of application of such water treatment modules, for example,
desalination of water and in the food processing industry.

The module consists of bundles of fibre-reinforced, paper-backed tubular
membranes housed in a plastic shell. A small scale continuous production line
was developed to'produce these modules. Two pilot plants are being field-tested
using the new membrane modules.

PYRITIC OXIDATION IN OVERBURDEN DUMPS
At mine sites, pyritic oxidation in overburden dumps containing metal

sulphides leads to release of soluble salts of metals such as copper and zinc into
water percolating through the dump. The oxidation also releases heat and a
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The Commission is developing equipment for the treatment
of waterborne wastes, with particular emphasis on pressure
driven membrane techniques. Prototype membrane modules
have been developed at Lucas Heights for the treatment of a
range oj waste applications. A mobile pilot plant is being used

for field evaluation studies of the modules.

measurement of the temperature distribution in the dump will indicate where the
oxidation is taking place. This, in turn, indicates the mechanisms controlling the
oxidation rate and how pyritic oxidation in overburden dumps may be controlled.
The temperature distribution in the largest dump at the abandoned Rum Jungle
mine has been monitored over the past three years by measuring the temperatures
in vertical probe holes drilled through the dump. It has been found that the tempera-
tures in the dump fall in the wet season, as might be expected, with increased heat
removal by percolation of water through the dump, but to an extent greater than
that expected on the basis of the quantity of percolating water.

Soil water density measurements in the probe holes using neutron and gamma
scattering techniques indicate that there is surprisingly little change in the water
content of the dump from wet to dry season. There is some drying out of the top
metre or so during the dry season and an increase in the soil water density in the
bottom few metres during the wet season, but in the 15 or so metres between these
two regions there are only very small changes.
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Investigations into the chemistry of pyritic oxidation have revealed that the
overall process is a complex summation of a number of reactions. The dominant
process is determined by local conditions, adjustment of which will merely cause
the previously dominant process to be replaced by a preferred alternative and will
not necessarily curtail the overall rale. One process, oxidation by ferric iron,
has been studied in detail. It is a heterogeneous surface reaction. The rate increases
with increasing pH (i.e. less acidic conditions), increasing temperature and
increasing surface area. Thus, this reaction is enhanced as a result of any attempted
rehabilitation by lime neutralisation and is enhanced as the material weathers from
massive rock to friable heaps. Oxidation by molecular oxygen is being investigated
and the basic electrochemical mechanism is under study.

INGESTION OF RADIUM FROM URANIUM MINING
AND MILLING

Radium 226 is the most restricting radioactive element where control of
release of liquid effluent from uranium mining and milling is concerned. It has a
half-life of 1,620 years and is an alpha particle emitter. It therefore poses a hazard
to health through ingestion of contaminated water or food. In the Alligator Rivers
region of the Northern Territory several uranium deposits occur in the catchment
area of streams which flow through extensive freshwater wetlands, and so the hazard
to man from uranium mining operations is being studied through aquatic food
chains.

Field work has consisted of reconnaissance surveys of radium levels in a
variety of soils, waters and aquatic organisms and a study of freshwater mussels and
water lilies. Mussels constitute a possible critical pathway for radium exposure to
man because they can concentrate radioactivity, and water lilies can be a critical
pathway because of their abundance. Other organisms also will require in-depth
study before a complete exposure model can be constructed. The early years of
the mining operations will provide further data to refine the models and exercise
a feedback control over the levels of effluent radium allowed into the aquatic
environment.

Under the aegis of the International Atomic Energy Agency, the Commission
is engaged in a co-operative research program with organisations in seven other
countries. So far the program has provided an intercomparison of analytical
techniques which has revealed quite serious discrepancies between the results from
different countries owing to a lack of adequate international standard samples
for low level activity.

ECOLOGICAL STUDIES IN THE ALLIGATOR RIVERS
REGION

The floodplain of the Magela Creek system consists of large areas of fresh-
water wetlands which are highly productive of wildlife. Ecological studies in the
Magela wetlands have concerned four problems: The relationship between
hydrology, stream morphology, and vegetation type on the floodplain; the biology
and distribution of the water lily Nymphaea gigantea; the changes with time in the
density of Melaleuca swamp forest as an indicator of natural biological change;
and the biology and distribution of the freshwater mussel Velesunio angasi. A brief
description of Commission work on each problem follows.

The Magela floodplain has been found to be a large freshwater lagoon cut
off at its outlet by the aggrading banks of the East Alligator River. At the end
of the wet season the lagoon is full and gradually dries out over the six month dry
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season to a series of perennial swamps and billabongs. The vegetation type;-, on the
floodplain reflect the topography and thus the pattern made by the receding water
through the dry season. The combined evidence of vegetation type and stream
channel pattern indicates that the hydrology of the Magela floodplain is controlled
not by the Magcla Creek itself, but by the parent East Alligator River.

The water lily Nymphaea gigantea has been found to occur in and around
well defined waterholes (either billabongs or lagoons) and to have an active
growing season from February to August. The rhizome, flower stems, flowers and
fruits are edible. To assess the radiation dose that could be received from eating
them the population numbers and production rates are being measured in the
field, to be incorporated later into an overall dose model. Since there are two
important ecotypes (varieties growing in different habitats) and a range of colour
and shape variations within the species, some taxonomic study is being undertaken
to determine whether the ecotypes are genetically isolated or all one population.

The changes in Melaleiica swamp forest density that have occurred over the
period 1950-1975 have been studied using aerial photographs. More than half
the 1950 dense and closed forest was destroyed in this period, some areas being
reduced to woodland densities while other areas were reduced to open perennial
swamp. A combination of drought and fire in 1961 would explain this dramatic
change, and the implication for the mining industry is that if biological change
due to uranium mining is to be monitored, there is a need for methods to distinguish
drought and fire effects from pollution effects.

Freshwater mussels are known accumulators of radium 226. Experimental
data are being obtained on the uptake and loss of radium 226 in mussel flesh at
different concentrations of radium 226 in water with respect to a range of con-
centrations of calcium and magnesium at levels likely to occur owing to mining
operations. The results should enable an assessment to be made of the possible
dietary intake by Aborigines of radium 226 via this animal.

HEALTH PHYSICS STUDIES
RADIOPROTECTIVE AGENTS

Research is being undertaken in radiobiology to assess the value of various
chemicals as radioprotective agents. Such an agent could be of considerable
importance both in reducing radiation damage in personnel accidentally over-
exposed to ionising radiation and in protecting normal cells in patients being
treated for cancer by radiotherapy.

To evaluate the effectiveness of one such agent (dithiothreitol, DTT), a
chromosomal analysis was made of leucocyte cultures of the rat-tailed kangaroo,
Potorous tridactylus, and also of an in vitro culture of Chinese hamster cells which
were exposed to DTT before, during, and after the cells had been exposed to 250
rads (2.5 grays) of 250 kilovolt X-rays. The project is a collaborative one with
the University of Tasmania and the Australian Institute of Nuclear Science and
Engineering. Contrary to the findings with practically all the presently known
radioprotective agents — which exert their effect only when administered prior to
radiation exposure — DTT was found to exert a post-irradiation effect and there-
fore may have considerable potential as a therapeutic agent.

71



COMPUTING RESEARCH
A mathematical model was developed which simulates the mechanism by

which gas transport occurs in the airways of the lung. The results show close
agreement with published biological data and this constitutes an important develop-
ment in theoretical studies. These studies are now being continued at Imperial
College, London, under a Churchill Fellowship.

The Commission's Pascal system for IBM360/370 machines has now been
distributed to over 140 organisations throughout the world. Version 2.0 is under
development and will include several new features. In addition, the language
will be available in an interactive mode to run under the IBM Time Sharing Option
and Cambridge Monitor System facilities.

The hardware for the INTERDISK project, which will provide alternative
network access to the disk data of the central computer, has been completed and
testing of the prototype has proved successful on the 1BM360/65 disk units.
Further developments are in progress to allow INTERDISK to communicate with
the new and somewhat faster IBM3350 disk units.

Further developments have been made to POW3D, the three dimensional
neutron diffusion module of the neutronics computational scheme (AUS) used
in nuclear data compilation. Novel computer graphics techniques have been used
with success to watch the performance of different solution procedures, and MINI ,
the locally developed method of implicit non-stationary iteration, continues to
show excellent response in this area.

NUCLEAR DATA RESEARCH
The Commission continued to be a major contiibutor to international com-

pilations of nuclear data on neutron capture cross sections in the energy range of
interest for fast breeder reactors. These data are requested by the International
Atomic Energy Agency in its annual publication WRENDA, and are the products
of an experimental program in collaboration with the USA's Oak Ridge National
Laboratory. In addition to determination of the required cross sections, a detailed
study of the mechanisms of resonance neutron capture and its variation with
mass number (A) has been made. This is of considerable importance in nuclear
physics, and contributes to improved estimates of capture cross sections for the
many unstable fission products which cannot be measured directly.

Fast neutron capture cross sections are found to have minimum values at the
so-called "magic" neutron numbers N = 20, 50, 82 and 126, corresponding to
closure of neutron shells. Correlations between different neutron capture parameters
are observed near these closed neutron shells, particularly in the mass regions
40 < A < 70, 80 < A < 100 and, to a lesser extent, near A ~ 140.

SOLAR ENERGY RESEARCH
The Commission continued technical and economic evaluation of a total-

energy concept which jses mirror-concentrated solar radiation as the principal
energy input and small amounts of fossil or renewable fuel as a backup for long sun-
less periods. The concept depends upon storing energy as heat at a relatively high
temperature (of the order of 500°C) and generating electric power by a Stirling
engine, whose reject heat, augmented as necessary by additional heat from the
store, is used for low-temperature services such as hot water and space heating or
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cooling. Heat at high temperature, drawn directly from the heat store by heat pipes,
besides serving as the heat source for the engine, would also provide high
temperature services as for cooking.

Experimental work included construction of a laboratory version of a low-
cost near-parabolic mirror, 2.4 metres in diameter, formed from aluminised
polyester film, to concentrate the sun's rays. The mirror is mounted inside a
weather-protecting transparent dome. In addition, a test and demonstration rig
was built for radiation absorption, heat transport and storage at medium
temperature. Radiation is absorbed by a solenoid coil formed of aluminium tube,
aligned with the principal axis of the mirror and placed at its focal zone, through
which the heat transfer fluid passes. Heated fluid is stored in an insulated tank
and can be circulated through a simulated load while cooled fluid is recirculated to
the absorber coil. The experimental rig will provide experience in the operation of
solar equipment at the few-kilowatt scale. However, for simplicity in early develop-
ment, work is limited to approximately 250°C by properties of the fluid chosen.
This temperature is too low for generation of electricity with reasonable efficiency,
and an improved system to operate at about 500°C is being developed.
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6

RADIOISOTOPES AND RADIATION

RADIOISOTOPE APPLICATIONS

MINERAL INDUSTRY

On-line Analysis of Coal
Research continued on the development of nuclear techniques for the on-

line analysis of coal. The development of suitable techniques could result in savings
to Australia of several million dollars a year. Two techniques are being developed
by the Commission, namely high energy X-ray techniques for the determination of
ash content and neutron techniques for the determination of carbon, specific energy
and moisture. Both methods are the subject of international patent applications.

Several Australian coal producers have been contacted regarding the potential
applications of Commission techniques. Plant visits were made to follow up some
promising applications. The main aim of these visits was to assist in planning the
next phases of Commission work. Favourable potential applications could involve
laboratory feasibility studies followed by field trials.

The National Energy Research, Development and Demonstration Council
(NERDDC) has awarded the Commission a grant for the further development
and testing of nuclear techniques for the analysis of coal. The grant is for $118,339
over a three-year period, subject to annual review of satisfactory progress. The
grant covers the salaries of two technical officers, plus overheads and some
equipment.

Bulk Analysis for Copper and Nickel in Ores
The Commission-developed bulk mineral analyser depends on the use of

gamma-ray resonance scattering for determination of copper or nickel concentra-
tion. A Commission bulk analyser has been in routine use at Mount Isa Mines
Limited since 1976. This analyser was recently modified by Commission staff to
incorporate a three-source furnace. This development will allow the analyser to be
used for applications involving the analysis of low grades of copper.
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A bulk mineral analyser under development at the Australian
Mineral Development Laboratories (Amdel), Adelaide.
Amdel is manufacturing and marketing commercial bulk
mineral analysers under licence to the Commission. The
analyser uses gamma-ray resonance scattering to determine

the copper or nickel content in bulk samples.

The Australian Mineral Development Laboratories (Amdel) are responsible
for manufacturing and marketing bulk mineral analysers under licence to the
Commission. The first commercial bulk analyser is due for installation at Queens-
land Nickel Pty Ltd in mid-1979.

NUCLEAR HYDROLOGY

The aim of the Nuclear Hydrology Group is to contribute to the understanding
of hydrological and associated geochemical processes by the measurement and
interpretation of naturally occurring isotopes. Most of the laboratory work involves
the assay of the levels of environmental tritium, carbon 14, and the ratios of
hydrogen 2 (deuterium)/hydrogen 1, carbon 13/carbon 12, oxygen 18/oxygen 16
and uranium 234/uranium 238 in ground-water samples. However, increasing
attention has been paid recently to the study of cumulative redistribution of
sediments in post-nuclear times using the fall-out product caesium 137 and to the
investigation of the translocation of uranium. The scope of the work is best shown
by example.

The study of the isotope hydrology of the Great Artesian Basin is continuing
in collaboration with the Bureau of Mineral Resources, Geology and Geophysics
(BMR). The concluding stages of the project involve the use of carbon 14 tech-
niques to delineate recharge areas in the western and north-western extremities
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of the Basin. In these regions, the density of water wells is too low for the
calculation of unequivocal ground-water flow patterns using conventional hydraulic
methods. This project has highlighted the need in Australia to be able to date
ground-water throughout the Pleistocene epoch. To this end the assessment of the
long-lived isotope chlorine 36 (half-life = 308,000 years) is continuing.

A joint study with Physics Division and the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) Division of Oceanography is being
made of oceanic tritium profiles to depths of up to 1,400 metres. As the only
significant source of tritium in the study area is rainfall, the data in principle can be
interpreted in terms of gross mixing processes. Particular attention has been paid
to the oceanic eddies off the NSW coast, although samples have been collected as
far as 49° South.

The Nuclear Hydrology Group is continuing a major program of investigation
of erosion and sedimentation using the environmental caesium 137 technique. The
fall-out product adsorbs strongly on some of the components of the soils and
sediments and therefore acts as a natural tracer which can be used to study the
cumulative effects of the relocation of sediment in post-nuclear times. Experimental
catchments are located in the Cobar, Broken Hill, Upper Hunter and Armidale
regions in NSW. Specific projects involve collaboration with the CSIRO Division
of Land Resources Management, the University of Newcastle and the Univer-
sity of New England. Work has commenced with the University of Adelaide and
the Australian National University, Canberra, on a project involving a comparative
dating of sediment samples from the Spencer Gulf using carbon 14 and the ratio
of thorium 230/uranium 234 techniques.

As mentioned above, there is a need in Australia to date very old ground-
waters. Over the past few years the Commission, in common with other institutes,
has investigated the potential use of uranium 234/uranium 238 ratios (half-life
of uranium 234 = 248,000 years) for this purpose. Early hopes were not realised
because uranium is found in virtually all host rocks and it became impossible
therefore to define a closed system. However, the techniques have been applied
successfully to studies of the translocation of uranium at Yeelirrie, Western
Australia, and Nabarlek, Northern Territory. In addition to providing valuable
insights into the genesis of sedimentary uranium deposits, the Nabarlek data, in
particular, has shed light on the transport over the 100,000 years time scale of the
uranium 238 and some of its daughter products.

The Nuclear Hydrology Group continued to provide a service under the
auspices of the Australian Institute of Nuclear Science and Engineering (AINSE)
and as a commercial service. Most requests involved tritium measurements,
although some deuterium/hydrogen wodc was undertaken. The Group assisted ten
organisations during the past year.

RADIOISOTOPE CONSULTING SERVICE
The Commission provides an advisory and consulting service on the applica-

tion of radioisotopes in industry and other fields. The demand for this service
continued at a high level. A wide variety of enquiries on radiosotope applications
was received and feasibility studies were carried out on a number of problems.
During the year major projects were undertaken for the Port of Brisbane Authority,
Pancontinental Mining Ltd, and the Queensland Department of Harbours and
Marine.
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Following preliminary experiments in early 1978 for the Port of Brisbane
Authority, a major silt-tracing experiment was undertaken in September J978.
Approximately 20,000 tonnes of dredged river mud were labelled with scandium
46 in the form of a fine glass. The labelled dredged mud was dumped at the
Moreton Bay spoil ground off Mud Island and the movement of the mud monitored
for 12 months. This work will determine the efficiency of the present spoil area
as a dumping ground for the dredged river mud. The project formed part of a
larger program which is being undertaken by the Hydraulics Research Station,
Wallingford, UK, to determine the effects of a reduced program of dredging in the
Brisbane River on metropolitan flood levels and stable navigable depths in the
shipping channels in Moreton Bay.

Continuing on work carried out in the 1977-78 wet season, experiments were
undertaken for Pancontinental Mining Ltd in the 1978-79 wet season to gather
more data on solute dispersion in the Magela Creek system. Further information
was collected on the transport kinetics of zinc in this system to supplement that
obtained in the previous year. Experiments were undertaken also to examine
differences in the uptake on vegetation of various chemically complexed zinc
species.

Experiments have been undertaken around the Barren River Delta, Queens-
land, for the Department of Harbours and Marine. The Barren River and its major
distributary Riditei's Creek deposit sediment each flood season at their outlets
into the Pacific Ocean producing extensive shoals. Recent evidence indicates that
the delta system is not stable, with some beaches eroding and some accumulating.
The Commission was contracted to study the movement of off-shore shoals and
long-shore sand under dry season and wet season weather conditions. In addition,
information was required on the partition of sediment between the Barren River
and Richter's Creek under wet season flood conditions. The dry season study was
carried out in October 1978 and the wet season study in January-February 1979.
The movement of off-shore shoals and the partition of sediment in the river were
monitored using sand labelled with gold 198. The longshore sand movement was
monitored using sand labelled with inactive indium. Analyses were carried out
using neutron activation techniques.

Other consulting projects undertaken during the year included the determina-
tion of residence time of water in sewage polishing lagoons for the Commonwealth
Department of Construction, the evaluation of leaks in hydraulic brake hoses for
Girlock Ltd, the labelling and analysis of compounds used in a powder mixer
study for Sclleys Chemical Co., and the measurement of leak rate in a brewing
kettle for Tooheys Ltd.

INTERNATIONAL ATOMIC ENERGY AGENCY
PROJECTS

The Commission's research into applications of radioisotopes has led to close
involvement in projects with the International Atomic Energy Agency as follows.

Regional Co-operative Agreement
As part of Australia's contribution to the International Atomic Energy

Agency's (IAEA) Regional Co-operative Agreement, the Nuclear Hydrology
Group assumed technical responsibility together with the IAEA's Isotope
Hydrology Section for the implementation of a project involving the application
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Left: Studies on the movement
and dispersion of heavy metals
in the Magela Creek flood
plain, Northern Territory,
were undertaken for Pan-
continental Mining Ltd during
the J978-79 wet season. At
a predetermined position, com-
plexed zinc 65 and itncom-
plexed zinc 69 are handled
prior to injection into the

Magela.

Above: Samples of water
being taken for analysis after
injection to determine the
presence and levels of the

radioactive tracer.

Right: Analysis of water,
sediments and plants for zinc
65 and zinc 69 using a multi-
channel analyser in the Pan-
continental Mining Ltd field
laboratory at Ja Ja, Northern

Territory.



of environmental isotope techniques to hydrology and sedimentology. In the first
year of the program, it is planned to establish laboratory facilities for the measure-
ment of tritium levels in natural water. Later it is hoped to extend the program to
include carbon 14 dating of ground-water and various aspects of sedimentology.
The majority of the 1 3 member States, all of which belong to the South-East Asia
and Pacific region, have expressed interest in participating.

Regional Training Course
The IAEA has invited the Australian Government to organise a Regional

Training Course, "Nuclear Techniques in the Mineral Industry". The course is
being organised by the Commission, CSIRO and the University of Queensland.
It is planned to take place over a five-week period during June and July 1980.
It will involve a two-week radioisotope course at the Commision, a one-week
course on control of mineral concentrators at the University of Queensland, and
two weeks of visits to CSIRO and mineral centres at Mount Isa, the Bowen
Basin, Broken Hill and Renison.

Research Agreement
A Research Agreement, "X-Ray and Neutron Techniques in Process Control",

was concluded with the IAEA in 1978. The Commission's research on applications
of nuclear techniques to the mineral industry will now be part of an internationally
co-ordinated research program.

RADIOPHARMACEUTICAL RESEARCH AND
DEVELOPMENT

Nuclear medicine is a specialty devoted to the diagnostic and therapeutic use
of radioactive substances. It is interdisciplinary in nature and relies heavily on
interactions with all medical specialties. Input into the development of this field
comes from continuing advances in electronics, computer science, physics, analytical
chemistry, radiation chemistry and radiopharmacy.

The practice of nuclear medicine continues to grow because its procedures
are useful for a broad range of disease states. Statistics for the USA show that by
1975, approximately 50 per cent of that country's hospitals had some type of
nuclear medicine facility. It is also projected that by 1980 some 20 million studies
will be conducted annually in the USA. These figures indicate that, in the future,
each American will undergo a nuclear test procedure several times during his or
her life-time. It is presumed from the evidence of the recent past that Australia
will show the same trends as the USA.

In a sense, the Commission's major role in nuclear medicine is the provision
of radiopharmaceuticals. However, the primary goal of research at the Com-
mission's Research Establishment, Lucas Heights, is to increase the scope and to
improve the safety and efficacy of the radioisotopes produced in the Commission's
reactor HIFAR.

The range of application of a radioisotope is dictated by its half-life, the type
and intensity of its emitted radiation, its chemical and related biological properties
and, finally, on its ease and cost of manufacture. For more than a decade the
radioisotope technetium 99m has held a position of pre-eminence in nuclear
medicine because it possessed a combination of physical, chemical and biological
properties which approached ideality. Developing nuclear medicine has imposed
user demands which as yet cannot be met by technetium 99m. As a result new
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radioisotopes are finding application. The most notable of these are gallium 67,
which is used for tumour and abscess localisation, and thallium 201, an analogue
tracer for potassium and used primarily for imaging the structures of the heart.
Neither of these radioisotopes possesses the ideal physical properties manifes; " >
technetium 99m, however they do possess the desirable biological properties that
make them valuable weapons for the nuclear physician.

Increased range of application also results when an existing radioisotope is
formulated into a new compound with different biological properties. An example
of this type of research has been the development of the Bcnzimidazolyl methyl-
iminodiacetic acids (B1M1DA). An investigation of BIMIDA compounds, with
alkyl and halogen substituents, as chelators for technetium 99m has shown that
they possess interesting biological properties of potential value for imaging the
liver-gall bladder-bile ducts.

Another extension of the use of technetium 99m has been in the in vivo
labelling of red blood cells. This technique was developed and subsequently
improved in the USA and involves the patient being given a priming dose of
stannous-tin. Shortly after, sodium pertechnetate solution is injected into the blood
stream whereupon the radioisotope is almost quantitatively taken up by the red
blood cells. With the aid of the gamma camera and a dedicated computer the
labelled blood cells can provide data on the capacity of the heart to function as a
pump, it will provide cine images of the motion of heart wall and highlight
abnormalities such as aneurysm. Developmental work by the Commission has
resulted in the extension of the ut i l i ty of one product, following a formulation
change, to include its ability for in vivo blood cell labelling.

Each new compound or formulation which is proposed for use in nuclear
medicine must be subjected to a rigorous testing program to demonstrate its
effectiveness for clinical applications and suitability for use in humans. A substantial
volume of data on tissue distribution, metabolism and excretion is generated in
these studies. This material is submitted to the Commonwealth Department of
Health for assessment and to obtain approval to proceed to clinical trials. Clinical
trials arc conducted through the co-operation and assistance of nuclear medicine
specialists at the major teaching hospitals in Australia.

Finally, the Commission devotes considerable effort to ensuring the safety of
its radiopharmaceutical products. In the case of new compounds, which quite often
have not been administered to humans before, a safety assessment will involve
the measurement of the acute and chronic toxic effects of massive doses of the
compound administered to laboratory animals. Included in the safety Assessment
will be a determination of radiation exposure likely to be encountered by the patient
being treated with the radiopharmaceutical.

The exposure of human beings to ionising radiation emitted by the radio-
isotopes used in nuclear medicine involves risks which may be either somatic or
genetic. The somatic effects are those which directly involve the exposed individual,
the principal risk being the development of some form of cancer. Exposure to
members of a population can produce genetic effects in the population such as
changes in scx-Iinkcd traits and chromosomal aberrations.

Because of the risks involved, the International Commission on Radiation
Protection (ICRP) has recommended that the activity administered should be the
minimum consistent with obtaining adequate information for the diagnosis or
investigation concerned. No specific dose limits are recommended. In consideration
of the irradiation involved, special attention is paid to the dose to the bone marrow

80



(since irradiation of bone marrow will increase the somatic risk of leukaemia) and
to the gonads (as genetic effects are usually related to gonad irradiation).

This same requirement applies to all diagnostic uses of radiation including
X-ray examinations which have been an indispensable part of medicine for well
over half a century.

The type of diagnostic technique used depends upon the clinical situation of
each patient. For some patients, both in vivo and in vitro tests will be performed.
Obviously the justification for an in vivo test, in which the patient is subjected to
exposure to radiation, no matter how small, is a matter of concern to the attendant
physician. The question of whether there is a greater risk in submitting a patient
to a test than that inherent in not having the test performed, is one that faces the
physician daily. In each case there must always be a balanced value judgment.
Many of the alternative techniques carry a fundamental risk factor and very much
higher morbidity rates.

A radionuclide test can be used as a screening test which may eliminate the
need to carry out alternative procedures that may be more costly in terms of
expense or, especially, risk to the patient. For example, the use of lung scanning
may obviate the need for complex X-ray studies involving the administration of
radio-opaque dyes. On the other hand, the scan may well indicate which of the
alternative procedures would be the most informative. There are examples such
as a suspected brain abscess in a child where the physician will not hesitate to
perform a brain scan because otherwise the child runs a grave risk of dying.

Most commonly the appropriate diagnostic test to confirm a clinical suspicion
of a disease is chosen. However, not infrequently, a test may be undertaken to
exclude totally the possibility of a disease. Such a test should not only be the
simplest and least harmful to the patient, it should also have the ability to dis-
criminate accurately between normality and abnormality.

Safety testing continues after clinical trials and into general usage where it
takes the form of routine quality control. Here an assurance is sought that the
radiopharmaceutical products satisfy their specifications, that they are free from
impurities and that they will perform appropriately ~r. injection into patients.
Research and development activities make a significant contribution to qual i ty
control in providing new analytical methods of greater sensitivity and specificity.
The radioisotopes used in radiopharmaceuticals are invariably of the short half-l ife
variety which complicate quality control operations. Research often is performed
to develop methods of analysis which do not sacrifice accuracy for speed. The
central computing facility of the Commission now plays an indispensable role in
all testing programs, particularly in the processing of experimental data, to yield
decisions on multiple faceted quality.

MEASUREMENT OF RADIATION DOSE
The majority of irradiations of living organisms (including radiation therapy

on humans) involve radiation doses of less than 10 gray (1,000 rads). Chemical
tiosimetry is a convenient method of obtaining accurate and reliable absorbed dose
measurements in some dose ranges. Unfortunately the product yields from chemical
dosimeters at doses of less than 10 gray are very small and present formidable
analytical problems.

Fluorimetric analysis is one technique of sufficient sensitivity to measure
accurately the concentrations of the order of 10 nanomolar generated at these dose
levels. Therefore, the Commission has been studying chemical dosimeters yielding
highly fluorescent products.
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The sodium terephthalate dosimeter gives the highly fluorescent product
hydroxyterephthalate anion (HTA) upon irradiation and can bs used to detect
absorbed doses as low as 0.04 gray (4 rads). Commission studies with this system
show the response is quite linear with absorbed doses up to at least 1,000 rads.
Precision was plus or minus 5.6 per cent in the dose range 3 to 100 rads and plus
or minus 2.0 per cent in the range 100 to 800 rads.

Because of the possibilities of widespread use of any chemical dosimeter
which can measure doses accurately and reliably in the above dose range, a
thorough study of the radiation chemistry of the sodium terephthalate system was
made to anticipate any difficulties which might arise. The major products are HTA
and carbon dioxide. These two products account for approximately 90 per cent
of the radiation-induced hydroxyl radical reactions. The yield of HTA is
remarkably independent of terephthalate ion concentration but docs depend on
solution pH, oxygen concentration and dose rate.

The study also showed tlut the absorption of atmospheric carbon dioxide by
the alkaline terephthalate solution affects the yield of HTA and therefore is a
possible source of error when the system is used as a chemical dosimeter.

A dependence of product yield on any variable parameter detracts from the
value of a system as a chemical dosimeter. The results obtained in this study
show the performance of the system as a dosimeter is less than ideal and the
search continues for alternative superior systems. However, the study also shows
that provided the above experimental parameters are within specified limits, reliable
estimates of dose can be obtained.

DOS1METRY SERVICES
The Commission provides a regular dose calibration service through the

mail to a number of companies, both in Australia and overseas, which use radiation
commercially for sterilisation. Small ampoules containing ceric-ccrous sulphate
solution are supplied to the companies, irradiated by them in the positions to be
calibrated, and returned to the Commission for measurement. Other companies
use this service on an occasional basis to determine the radiation dose received
by materials they have had irradiated by the companies which own the irradiators.

PRODUCTION AND DISTRIBUTION OF
RADIOJ SOTOPES

In recent years the production of radioisotopes and radiopharmaceuticals has
increased rapidly and the associated costs now form a significant part of the
Commission's annual expenditure. It became increasingly apparent during this
period that the traditional form of expenditure accounting used by the Commission
for monitoring its research activities was inappropriate for such large-scale com-
mercial operations. Consequently a new cost accounting system based on current
commercial practice was established for the 1978-79 financial year to monitor the
activities of the Commercial Products Unit.

The new system uses the Conmission's central computer to monitor labour
and materials expenditure in each of the product group accounts, the corresponding
incomes, and the amortisation charges appropriate to the plant, equipment and
buildings used for production purposes.

The information derived from the new accounts provides the basis upon
which future management decisions may be made.
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NEW FACILITIES

A much needed expansion to the packaging and despatch building was
completed during the year which will permit a more efficient handling operation.

A new molybdenum trioxide dissolution plant was completed also. The plant
has been constructed in Junior Cave No. 2 to handle up to 30 TBq (800 Ci) of
molybdenum 99 per batch. This automated equipment provides a safe and
efficient method for the preparation of the basic material used in all of the Com-
mission's technctium 99m based ready-to-inject radiopharmaceuticals and has a
laige reserve capacity for future expansion.

A third facility, now under construction, will manufacture the Mark III
technctium 99m generator. This generator will produce a sterile eluate and will be
fitted into a moulded plastic case incorporating a Icvcr-operatccl, single-step
actuating mechanism. It is hoped that the new generator will match the performance
at least of competitive generators manufactured overseas in terms of safety, eluate
quality, case of operation and presentation.

Right: Interior of the high activity
handling cell housing automated
equipment to process radioactive
molybdenum trioxide. Tin's process
is the initial stage in the manufacture
of a wide range of technetinm 99m
based radiopharmaceiilicals. After
further processing in the Commis-
sion's Isotope Production Building,
these products are distributed daily
to 48 hospitals and clinics through-

out Australia.

Below. One section of recently
completed extensions to the packing
and despatch area of the Isotope
Production Building at Lucas

Heights.



TABLE 10 — SUPPLY OF RADIOISOTOPES BY AAEC

(For the period 1 April 1978 to 28 March 1979)

USE AND TYPE SHIPMENTS

WITHIN AUSTRALIA
Industrial
Radiography sources
Scaled sources
Miscellaneous
Service activities

Total for Industrial Use

Research
Cobalt 60 sources
Miscellaneous solutions etc.
Neutron irradiations

Total for Research

Medical
Implant sources
Miscellaneous solutions
Lyophilised products
Iodine 131 products
Technetium 99m solutions
Technctium 99m generators
Solutions supplied for medical

use from imported materials

Total for Medical Use

EXPORT
Radiography sources
Miscellaneous solutions
Technetium 99m generators

Total for Export

TOTAL ISOTOPE SALES

179
101
33
47

360

4
510
130

644

73
656
939

5,410
29,680

945

1,310

39,013

50 ,
138
290

478

40,495

ACTIVITY;

192 TBq
52 TBq

1,056 GBq

163 TBq
4,345 GBq

151 GBq
129 GBq

2,723 GBq
80 TBq
17 TBq

274 GBq

46 TBq
1,135 GBq

5 TBq

VALUE $*

49,400
15,500
2,800
3,700

71,400

3,800
28,700

8,900

41,400

5,200
21,600
14,500
80,800

903,000
209,300

101,000

1,335,400

1 2,400
16,100
47,700

76,200

1,524,400

t 1 Bq (becquerel) = 2.7 x 10-UC1 (curie) (rounded).
* Rounded to nearest $100.
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SALES AND DISTRIBUTION

Following the introduction last year of direct sales of radiopharmaceuticals,
the year's trading (based on the period 1 April 1978-28 March 1979) has been one
of consolidation of existing markets. No new Commission products were released
for general sale during the period. Table 10 and Figure 9 show the number of
shipments and values of radioisotopes supplied by the Commission during the
period.

RADIOPHARMACEUTICALS

Radiopharmaceuticals continued to be the main income earner and, of these,
technetium 99m (99mTc) products were the major items supplied, both with
respect to activity, number of deliveries and income. The 99mTc products supplied
were sodium pertcchnetate (four different concentrations and types), 99iriTc labelled
liver colloid, and 99mTc labelled macroaggregated ferrous hydroxide for lung
function studies. There has been a tendency for some hospitals to make their own
99mTc labelled lung and liver agents as well as other ?9(nTc labelled scintigraphic
agents. The impact of this practice on Commission sales volume has not been as
large as anticipated as the number and variety of imported kits available is limited.
Direct Commission sales for 99mTc products during the year were supported by a
full year's trading in the daily supply service to Melbourne and other Victorian
hospitals. The Commission now serves hospitals in Sale, Ballarat, Geelong and
Bendigo, in addition to 14 hospitals and clinics in Melbourne. This compares
with 17 hospitals and clinics in NSW, of which 14 are in Sydney. Together with
nuclear medicine centres in other States, the total number of Australian hospitals
now served daily with technetium compounds is 49. The fotal income from sales
of technetium products for the period 1 April 1978-28 March 1979 was $902,984
(29,680 items).

Technetium generators are supplied to 17 Australian hospitals each week
as an in-house, continually available source of 99mTc solution as sodium
pertechnetate for direct use or as a base for manufacture of other labelled
diagnostics. In addition, three generators are sold each week to hospitals in New
Zealand and two generators to hospitals in the Philippines. It is anticipated that
with increased capacity and the new Mark III generator, the overseas market
can be expanded in these and other nearby countries. The income for the year
1 April 1978-28 March 1979 from exporting technetium generators was $47,699.

Iodine 131 was the other Australian-produced radiopharmaceutical which
showed market growth during the period. The total value of all sales both for
diagnostic and therapy use was $92,800 from 5,499 items.

The only other lar^.e value radiopharmaceutical marketed was gallium 67,
used in tumour detection and localisation. This cyclotron-produced material is
obtained from overseas in regular weekly shipments which, after Commission
quality control, is distributed to Australian users. Sales increased to 52 doses a
week representing an annual sales value of $143,750.

Other distribution functions assumed from the Australian Radiation
Laboratory were maintained, including import and distribution of xenon 127 gas
for ventilation studies. Supplies of this radioisotope have been intermittent,
nevertheless 51 deliveries were made with a sales value of $16,614.

Radioactive gold grains have maintained their place as a minor but significant
item with a current annual value of $5,130. Response to the gold wire supply as a
substitute for the Australian Radiation Laboratory radon service has been small,
limited mainly to veterinary workers.
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The total annual sales value of racliopharmaceuticals supplied by the Com-
mission was $1,397,826 (39,433 items). Of this, 1,310 items worth $101,000
were produced from radioisotopes and radiopharmaceuticals imported from over-
seas.

No cobalt 60 teletherapy sources were supplied during the period, but orders
were received from two New Zealand hospitals for installation of cobalt sources
during July-August 1979.

INDUSTRIAL AND RESEARCH

The major product in the industrial and research field continued to be indium
192 radiography sources with a value of $58,128 for the year from 217 items of
which 38 sources valued at $9,198 were supplied to New Zealand.

The demand from West Germany for ytterbium 169 radiography sources
was maintained, a total of 11 being sold this year at a value of $2,780.

Miscellaneous products including phosphorus 32 and school demonstration
sources were supplied to research and other users and accounted for an income
of $28,704.

AGENCY AGREEMENTS

ANAC (NZ) continued as Commission agent in New Zealand and was
responsible for promotion, customs clearance and delivery of Commission products
in that country. The Victorian Hospitals Association was appointed as Commission
agent for the supply of radiopharmaccuticals to Victorian hospitals.

RECENT WORLD DEVELOPMENTS IN
RADIATION PROCESSING

RADIATION PROCESSING IN JAPAN

Radiation is being used extensively in several countries throughout the world
principally to modify polymers and to improve their properties. One of the leading
countries in the application of radiation and in radiation research is Japan and
the visit to Australia of a leading Japanese chemist, Professor Y. Tabata of Tokyo
University, enabled Australian scientists to update their knowledge of activities in
that country.

There arc several centres in universities, government institutions and industrial
companies where radiation research and the development of radiation processes
form an important part of their programs. The Japan Atomic Energy Research
Institute establishments at Takasaki and at Osaka arc dedicated solely to radiation
investigations and are making significant contributions. At Tokai Mura, the
University of Tokyo has installed a unique picosecond pulse radiolysis facility. The
only comparable facility is at Argonne National Laboratory, USA.

Several Japanese industrial companies are using radiation processes to improve
their products. Almost all of the applications utilise electron accelerators. There
was a spectacular increase in installed capacity from 250 kW in 1972 to 720 kW
in 1974. There was a slow growth during the subsequent world recession followed
by another steep increase to 1,500 kW in 1978.

87



Crosslinking
The major application is the irradiation of electrical cable to crosslink the

polymeric insulation and improve its thermal and wear properties. There arc 12
companies in Japan using 20 accelerators. Polyethylene, polyvinyl chloride and
ethylcne propylene copolymer are used extensively in home, electrical, electronic,
communications, automobile and aircraft industries. Radiation crosslinking of
cable grosses 12 x 109 Yen ($50 million) per year and is increasing at the rate
of 20 per cent a year.

Three companies are engaged in the manufacture of about 7,000 tonnes
per annum of polyethylene foam using radiation to crosslink the polymer. Another
product is heat shrinkablc tape and tubing for use in electrical and pipeline
protection.

Coatings
The Suzuki Motor Cycle Company uses electron beam curing to harden

specially formulated paint on 170,000 parts a month. The coating is hard, of high
gloss and high deformability.

Toray Industries Inc., in conjunction with Nippon Steel Corporation, was
considering the use of radiation in the coating of rolling steel strip, but new
installations were curtailed by the economic recession and the "oil shock". This
project may be reactivated in the near future.

Other Applications
There are several small-volume applications of radiation. Composites of coral

and methyl methacrylate (the Perspex polymer) are made for decorative purposes.
Radiation is used to reduce the molecular weight of polytetrafluorethylene (Teflon)
for reuse (recycling) and of polyethylene oxide to make it suitable for a variety of
purposes. Golf balls arc treated to improve their characteristics off the tec. Irradia-
tion at low temperatures of methacrylate and related monomers produces stress-
free transparent optical lenses with good abrasion resistance.

Processes under development include polymer-impregnated railway sleepers,
synthesis of prepolymers, and the immobilisation of enzymes for possible use as
catalysts for effecting specific chemical processes.

Waste Gas Treatment
Worldwide interest has been attracted to the treatment by radiation of waste

gases to remove sulphur dioxide and oxides of nitrogen — noxious gases produced
from furnaces burning coal or oil. Under irradiation a white powder is produced
and this can be removed by normal processes such as electrostatic precipitation.
Extensive pilot plant trials have been conducted and their evaluation is awaited.
There are several attractive features about the process, but a key factor could be
the requirement for a more economical accelerator of large capacity.

Sterilisation and Food Irradiation
There are two companies with cobalt 60 facilities for sterilising medical

supplies and animal foods and for carrying out service irradiations.
A large commercial irradiation plant in Hokkaido operates over a period of

three months irradiating 30,000 tonnes of potatoes to inhibit sprouting. Onions
are also irradiated to inhibit sprouting. Several other items are being studied in a
national project of food irradiation research.
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RADIATION IN THE TYRE INDUSTRY
In the USA, a major development has occurred in radiation processing.

The use of radiation to vulcanise rubber tyres was investigated several years
ago but was found to be uneconomic. More recently electron accelerators
have been used in the tyre industry to effect a light crosslinking of "green" rubber
sheets which are naturally difficult to handle and apply to the casing during tyre
assembly. Radiation crosslinking can be controlled better than the corresponding
thermal process and gives a more uniform product and a faster rate of processing.

Since the irradiated material does not distort, thin out or become displaced
from the tyre cords as readily in the mould during subsequent vulcanisation, up
to 15 per cent less material and a greater proportion of cheaper synthetic material
can be used without loss of performance in the final tyre,

RADIATION PROCESSING OF PLASTICS
In Australia, a plant to manufacture radiation crosslinked polyethylene foam

began production in June 1979 at St Peters, a suburb of Sydney. The plant is
operated by Piion Plastics Pty Ltd, a company owned jointly by Pioneer Concrete
Services Ltd and the Japanese group, Sekisui Chemical Company.

Polyethylene incorporating a foaming agent is extruded as sheets at
relatively low temperatures. The shapes are then irradiated by an electron beam
from a high energy accelerator. Crosslinks form between the polyethylene molecular
chains and these confer superior thermal properties on the material. On subsequent
heating the foaming agent decomposes forming small gas bubbles which, due to
the crosslinking induced by radiation, do not collapse. The material can then be
thermoformed to the. required shape. The result is a material which can be used
for insulation, padding, packing, gasket or buoyancy applications.

Prior to the Pilon Plastics operation, Australia imported about one million
dollars worth of plastic foam each year.

EFFECT OF RADIATION ON SPORES
With the object of obtaining a better understanding of radiation resistance

mechanisms and processes leading to radiation-induced inactivation, a study has
been made by the Commission of the effects of irradiation on the electrophoretic
mobility and surface electrical charge of bacterial spores. A knowledge of these
processes is of fundamental importance in the commercial application of radiation
in the food, pharmaceutical, and environmental waste industries.

Development of surface charge on a bacterial spore partly depends on
chemical groups within its surface structure. Irradiation of aqueous suspensions of
spores decreased their surface charge density and electrophoretic mobility. The
loss of surface charge following irradiation indicates some structural reorganisation
at the surface, and may reflect similar radiation-induced modifications at critical
internal sites leading to spore inactivation.

RADIATION POLYMERISATION UNDER PRESSURE
Investigations by the Commission have given valuable insights into various

reaction steps involved in the polymerisation of monomers. A spinning gamma
source apparatus was designed and built to provide pulses of gamma-radiation at
predetermined intervals to materials held in a partly shielded position at the centre
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of rotation. Polymerisation of styrene monomer at 'high pressures has been studied
using this apparatus. From molecular weight determinations and measurements
of the changes in polymerisation rate with changes in pulsing rate, sufficient
information was gained to determine the effects of pressure on each of the steps of
the reaction. Although the number of chains created decreased slightly with
pressure, the rate at which each successive monomer unit was added to the chains
increased by up to ten times to give a correspondingly longer chain.

UNIFORM SOURCES OF NUCLEAR RADIATION
An extension of Commission research on the radioactivation of photographic

images for the purpose of intensification, restoration, deployment of opaque
emulsions and photoengraving has been discovered.

Silver halide emulsions uniformly exposed to light (or to other radiations to
which they respond) and developed to a uniform grey can serve as a convenient
means of preparing uniform plane sources of ionising radiation, such as beta-rays
or alpha-particles.

Uniform plane sources of short-range nuclear radiation have been in use for
some time in the form of carbon 14-methacrylate polymer (Lucite) sheets to
radiograph paper sheets. Such radiographs show grain structure and water marks
much more clearly than light photographs can and frequently can be used to reveal
the commercial source of the paper. Plate A shows a radiograph of part oi a
currency note, obtained by using a uniform source of soft beta radiation (sulphur
35) prepared by this method.

No extended sources of nuclear radiation other than carbon 14-Lucite appear
to be commercially available. Similar sources prepared from radionuclides having
other beta-ray energies (and perhaps also emitting soft X-rays, positrons or
alpha-particles) would be useful for other paper thicknesses and for the radiography
of other types of sheet materials (e.g., plastics, mica, leaves, etc.). Such sources
are not commercially available, possibly because of fabrication difficulties.

The methods developed for toning photographs with a wide assortment of
radionuclides have made it possible to prepare uniform sources of nuclear radiation
of extended areas by simply toning uniformly exposed photographic film. Procedures
for toning with nickel 63, sulphur 35, promethium 147, iron 55, polonium 210 and
californium 252, which have ideal emission properties for this type of radio-
graphy, have been developed.

Although californium 252 shows no advantage over the pure alpha-particle
emitter polonium 210 for thin-sheet radiography, it permits surfaces to be
bombarded uniformly with fission fragments and neutrons as well as alpha-
particles. Surfaces treated in this way have different chemical and physical
properties from the bulk material. Even inert Teflon surfaces irradiated with fission
fragments are capable of graft polymerisation by other monomers. Glass, mica,
and many plastics and ceramics can be preferentially etched where fission fragments
have reacted to produce a uniform distribution of etch-pits. Plate B illustrates
how even a feather can be shadowed on a glass surface in high detail by means
of fission fragments. Subsequent etching with dilute hydrofluoric acid gives the
irradiated glass a frosted appearance while areas shielded by the feather remain
clear. Similar etchings can also bs prepared with stencils cut from thin sheet
materials. Many similar applications are possible in such fields as printing, adhesives
technology and micro-circuits. This suggests that uniform plane sources of nuclear
radiation, which could be prepared simply and cheaply, would find many applica-
tions other than in thin-sheet radiography.
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/e /< is a radiograph showing part of a currency note
recorded by transmitted beta-rays from sulphur 35.

Plate B: Fission fragment shadow of a feather remains nn-
etched in glass after exposure to a uniform source of

californium 252.
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FINANCIAL GRANTS FROM OTHER
ORGANISATIONS

The National Energy Research, Development and Demonstration Council
(NERDDC) during the year granted the Commission $118,339 to support nuclear
techniques for analysis of coal.

Mount Jsa Mines Limited and the Commission arc arranging to undertake a
joint project on neutron techniques of analysis which will involve attachment of a
company staff member to the Commission. The company will fund the electronic
equipment to be used in the program.

RADIOISOTOPE AND RADIATION STANDARDS
The Commission is required to maintain and develop national standards for

absorbed radiation dose and radioisotopes, and acts as agent for the National
Measurement Laboratory, CSIRCX in this capacity. This involves development of
techniques for radionuclide source preparation and measurement as well as
establishment of calorimetric facilities for absorbed radiation dose standardisa-
tions.

The maintenance of standards internationally through co-operation with the
International Bureau of Weights and Measures (BIPM), Paris, and the Inter-
national Atomic Energy Agency (IAEA) Laboratory, Vienna, is an important
component of this work. The Commission is also a member of the International
Committee for Radionuclide Metrology.

During the past year, the Commission's Radioisotope Standards Group
participated in an international comparison of activity measurement of the radio-
nuclide caesium 134 which has a complex decay scheme. Using 4ir gamma
coincidence techniques, the results from the Commission's Research Establishment
and three other prominent laboratories agreed within 0.25 per cent — a highly
satisfactory result.

In addition, the gamma-emitting isotope europium 152 was examined as part
of a program sponsored by the International Committee of Radionuclide Metrology.
The study aimed at improving peak counting techniques used in the interpretation
of spectra obtained from high resolution germanium gamma-ray detectors. Other
work included the submission of calibrated gamma-emitting sources of cobalt 57,
barium 133, chromium 51 and sodium 22 to the international reference register
maintained by IAEA and BIPM.
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7
RESEARCH ESTABLISHMENT SERVICES

AND OPERATIONS
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A large part of the technical support effort of the Commission is expended
in scientific and engineering services. Where a Research Division has the major
skills involved the essential service is provided by that Division. For cxauiple, the
Chemical Technology Division provides a comprehensive analytical chemistry
service. On the other hand many services, particularly in engineering, are provided
by special departments.

SAFETY SERVICES
SAFETY RECORD

The safety record of the Commission was again excellent. There were no
serious accidents or incidents involving radiation or radioactivity. AH radiation
doses received by staff were below the limits recommended by the National Health
and Medical Research Council and by the International Commission on Radio-
logical Protection. Less than 3 per cent of workers received doses in excess of
three-tenths of the limit; the highest dose received was 76 per ccMt of the limit.
Industrial accidents were of a relatively minor nature.

A major factor in the achievement of this safety record is the importance
attached by the Commission to ensuring that all operations for which it is respon-
sible are carried out with the maximum provision for the safety of persons and
equipment. All proposed operations that may be potentially hazardous must be
examined thoroughly before they begin and must be reviewed continuously'during
their progress to ensure the lowest practicable exposure of persons to ionising
radiations, radioactive or toxic substances and any other hazards. All unnecessary
exposure of Commission staff and the general public to these hazards must be
avoided.

ENVIRONMENTAL SURVEY OF THE RESEARCH
ESTABLISHMENT

The results of the environmental survey for the period 1975-77 were
published. They show that the maximum possible dose to the (hypothetical) most
highly exposed member of the general public resulting from radioactivity emissions
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from the Research Establishment, was very much lower than that due to natural
background radiation and about one ten-thousandth of the radiation dose permitted
by the NSW radiation control legislation.

The preliminary results for 1978 and the first half of 1979 indicate that the
doses for this period continued to be as low as the insignificant levels of previous
years. The results of the monitoring of airborne radioactivity discharges and of
treated liquid waste discharges showed that, as in previous years, the discharge
limits set by the NSW authorities were not exceeded.

EMERGENCY PLANNING

Emergency situations that could affect nearby residents arc highly unlikely
to develop at the Research Establishment, but because such events are not
inconceivable, the Commission has always ensured that plans are available to
identify and implement measures to protect the population. This is done by
maintaining close liaison with appropriate authorities. Officers of the Commis-
sion, the Health Commission of NSW, the NSW Police Department, the NSW
State Emergency Services and the NSW Board of Fire Commissioners constitute
a Working Party which meets regularly to review the emergency plan called
APTCARE (A Plan to Cope with Accidents at the Research Establishment).
Details of the plan were made public in January 1979.

SERVICES FOR OTHER ORGANISATIONS

Considerable effort was devoted to providing other organisations with radio-
logical protection services and expertise. In association with the Australian
Radiation Laboratory (Department of Health) and appropriate State and Territory
authorities, radiation monitoring operations were mounted during visits to Aus-
tralian ports of nuclear-powered warships of the US Navy. (See Chapter 4.)

Radiological protection services were provided also to the Department of
National Development and the Department of Defence during radioactive waste
management ope, ations at the former nuclear lest sites at Maralinga, South Aus-
tralia, and Monte Bello, Western Australia.

In accordance with arrangements made with the Sydney Airport authorities,
Commission officers responded on several occasions to calls for assistance in
dealing with suspected leakages of radioactivity from containers damaged in transit.
In none of these incidents was there a leakage of radioactivity sufficient to cause
any concern for the health or safety of any airport staff or member of the public.

Whole body monitoring facilities were made available to Sutherland District
Hospital for measurement of the total potassium content in a patient, and to
Lidcombe District Hospital for a study of retained thorotrast that had been injected
into a patient many years ago. '

In addition, increased interest in the safety of the nuclear industry led to a
heavy demand for the design of courses and provision of lecturers in radiological
protection.

AUSTRALIAN RADIATION PROTECTION SOCIETY

Officers of the Commission made significant contributions to the work of the
Australian Radiation Protection Society as members and as office bearers. This is
a relatively young learned society concerned with the theory and practice of
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The console of the Commission's IBM 3031 Central Computer in
the Applied Mathematics and Computing Division. This computer
replaced the Commission's IBM 360/65 Central Computer in late

1978.

radiation protection. Its membership embraces virtually all Australia's radiation
protection specialists, and as the Australian national organisation it is afliliated
with the International Radiation Protection Association.

COMPUTING SERVICES
A computing service, together with specialised programming and mathematical

advice and assistance, was provided to all branches of the Commission. The com-
puting sys-tem is based on a large central computer and an associated network of
smaller computers. The central computer operates continuously, processing up
to 10,000 jobs each month, of which 95 per cent relate directly to the Commission's
research program and the remaining 5 per cent to administrative tasks. Jobs may
be submitted directly to the central computer or through remote job-entry stations
and user terminals.

The 1BM360/65 based central computer system was replaced by an IBM3031
based system in December 1978 and a new operating system, Multiple Virtual
Storage (MVS), will supersede the present one. The new 1BM3031 system has
twice the power of the previous system, provides twice the on-line disk storage
capacity and approximately ten times the magnetic tape drive performance.
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Four automatic-answering modem lines have been installed in the Computer
Building linked to a MICRONOVA computer, and these will be used to improve
the dial-in access to the resources of the Commission's computer network facilities.

Commission staff continued to play an active part in the IBM DOS/OS
Users' Group and have assisted in planning the formation of an Australasian
affiliate to the users' groups SHARE and GUIDE in the USA. A Commission
officer, Mr C. B. Mason, has been nominated Inaugural President of Australasian
SHARE/GUIDE.

INSTRUMENTATION SERVICES

A wide range of electronic instrumentation was designed and built to meet
the Commission's many and varied project requirements. This included equipment
for borehole gamma-ray probes, location sensors for rapid pneumatic transmission
of canned radioisotopes, furnace controllers, electrometers, specialised solid state
inverter power supplies for the centrifuge enrichment project, and equipment for
monitoring nuclear-powered ships.

In addition, modifications were made to the AAEC Type 519 Ratemeter for
use in explosive atmospheres encountered when measuring coal dust in mines.
Thirty-one standard Type 519 ratemeters have now been sold by Perini and Scott
(A/asia) Pty Ltd under licence to the Commission.

ANALYTICAL CHEMISTRY SERVICES

A wide range of specialised and routine chemical analyses were carried out in
research projects and for chemical control of the Commission's two research
reactors and the effluent treatment plant. Samples analysed included various ore
products and concentrates for uranium; leaching solutions for iron and uranium;
urine for uranium and fluoride; cooling and waste waters for chloride, nitrate and
radioactivity; biota for various radionuclides, and steel and various alloys for a
wide range of constituents. A total of 27,000 analyses were made on 12,000
samples.

An increasing number of requests was received from external organisations,
such as industrial firms and government departments, for specialised analytical
services which were not available from commercial laboratories. Most requests
called for neutron activation analysis, spark source mass spectrometry or low back-
ground radiochemical analysis. Neutron activation analysis is a powerful technique
for the non-destructive determination of up to 30 elements at the trace level in a
variety of sample types, and is particularly effective for predominantly organic
matrix materials such as coal and biological samples. It is the only analytical
technique which can determine individual rare earth elements at the parts per
million level in rocks and minerals to a precision of plus or minus 5-10 per cent.
Spark source mass spectrometry can determine 70 elements simultaneously with
high sensitivity in steels, alloys and other samples. The Commission has the only
spark source mass spectrometer in NSW. The results are usually only semi-
quantitative, but if an analysed standard material similar to the sample is available,
good precision can be obtained. The Low Background Radiochemical Laboratory
has unique facilities for measuring extremely low concentrations of radionuclides
such as radium 226, strontium 90, polonium 210 and caesium 137 in environmental
samples including natural waters, vegetation, fish and other biological material.

96



LIBRARY AND SCIENTIFIC INFORMATION
SERVICES

The Research Establishment Library continued its activities as the Australian
centre for the International Nuclear Information System (INIS). Services provided
through INIS, which in the past have been experimental, were placed on a formal
basis with charges being initiated from January 1979. The services include a
search service retrospective to 1972 and a monthly current awareness service.

The Library reference staff use computerised information systems to provide
access to scientific and technological information. Since April 1979 more con-
nections to overseas data bases hcve been made as reduced telecommunications
charges came into effect.

The Commission realises that Australia produces a very small part of the
world's nuclear information and must be in a position to acquire readily that part
of the remainder of the information it needs for Australian research work, support
of the mining and nuclear industry, and advice to Government.

Publication of research papers in learned journals, both Australian and over-
seas, and in the proceedings of international conferences continued at a high level.
Since its inception, the Commission has encouraged publication in the international
scientific press. Scientific publications for the past year arc listed in Appendix G.

COMMERCIAL ACTIVITIES

As a matter of policy the Commission seeks protection of the results of
research and development by patent application. Patent action is summarised in
Appendix H. Patents with little prospect for commercial exploitation were allowed
to lapse or were abandoned.

EXPLOITATION OF RESEARCH RESULTS

Apart from the sale of radioisotopes, the Commission engages in commercial
activities to exploit the results of its research and development by means of licence
agreements, and to exploit the expertise of its personnel in offering their services
as consultants.

The Commission entered into an agreement with Mediphysics Inc., San
Francisco, for the sale of certain radiopharmaccuticals to the Commission and
the acquisition of technical information to evaluate and promote radio-
pharmaceuticals. The agreement allows the Commission to distribute cyclotron-
produced radioisotopes (e.g., gallium 67 and thallium 201) to augment its product
range.

A licence agreement is being negotiated with Australian Mineral Development
Laboratories, Adelaide, for the manufacture and sale of Commission inventions
related to radioisotope measuring and analysis systems. The agreement is a con-
tinuation and extension of a previous agreement with Philips Industries Ltd which
has been terminated.

A new agreement is being negotiated with Stanford Research Institute, Menlo
Park, California, for the continued attachment of a Commission scientist, Mr M.
Thackray, to that institute for research into photographic image enhancement.
Provision has been made in the new agreement for the commercial exploitation
by SRI of several Commission inventions.
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The provision of services to other bodies such as industrial firms and univer-
sities continued to develop. The main services provided on a commercial basis
were uranium analysis, analytical chemistry, environmental measurements and
surveys, isotope applications and consulting, and computer software.

The overall growth in services is illustrated in Figure 10. During the year
1978-79, approximately half the value of services requested was for environ-
mental measurements and surveys and for isotope applications and consulting.

ENGINEERING SERVICES AND OPERATIONS

The organisation of the large engineering effort necessary for the support of
the Commission's research program has been modified by placing the Engineering
Services and Reactors Departments and several allied functions under the control
of the Manager, Engineering Services and Operations. Descriptions of selected
engineering tasks and important operations are given below.

HI FAR

Operation and Major Shutdown
Routine operation of the 10 MW (thermal) reactor HIFAR continued

throughout the year and full power availability of 98.5 per cent was achieved.
A major shutdown has been scheduled to begin on 17 September 1979 and

to last for two normal operating programs, approximately two months. During
the last major shutdown in mid-1975, modifications were made to the containment
sealing system and part of the reactor aluminium tank. The purpose of the new
shutdown is to undertake routine maintenance on areas of the plant which are
inaccessible during the normal short monthly shutdown at the beginning of each
program.

All fuel, most experimental rigs, control absorbers and heavy water will be
removed from the reactor aluminium tank and the internal surface will be examined
and compared with the results of previous examinations. Because of high radiation
levels within the tank, the inspections are carried out using a remotely operated
television camera. The opportunity is taken to videotape the inspection to aid the
comparison process.

Those parts of the primary circuit which are impossible to inspect and maintain
during the monthly shutdown will be stripped down for inspection and maintenance.

The full core of fuel will be placed in the No. 1 storage block within the
containment building and additional safety measures will be taken to ensure that
adequate cooling is available for the elements at all times.

Replacement of Asbestos Insulation
The asbestos clad polyurethane insulation on the HIFAR Reactor ceiling

was replaced with fibreglass insulation in September 1978. It had been planned to
let a contract for installation work but it was decided to use Commission trade
staff because of the problems in handling asbestos directly above the reactor and
the need to avoid constant interruptions to operations and isotope production.
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The insulation covered an area of 334 square metres. A 45 square metre
work platform was built on top of the 20 tonne circular crane and a large inter-
mediate platform was erected to facilitate disposal of the existing insulation and
delivery of the new insulation to the crane platform. A special ventilation system
and breathing air supplies were provided.

The working environment was monitored continuously. Trade staff were issued
with asbestos monitors and wore protective clothing. At no stage during the
removal of the defective insulation did the fibre counts recorded by the monitoring
equipment exceed the acceptable safe working levels. As a further precaution, the
project was inspected by an officer from the School of Public Health and Tropical
Medicine, University of Sydney.

Retrieval Operation

A small stainless steel clip, used to fasten experimental rigs to fuel elements,
dropped into a hollow fuel element during routine active handling work and
disappeared beneath the heavy water surface. It was retrieved in a novel way with
the use of a custom-built component designed to trap the clip upon starting two
heavy water pumps and using the heavy water flow to levitate the clip into the trap.

MOATA
The reactor "Moata" has operated regularly at varying power levels up to

100 kW (thermal). Apart from providing routine neutron radiography and
uranium assay services, several research projects involving studies in bio-assay
and soil characteristics are dependent upon this reactor. These projects include
collaborative work with university staff.

REPLACEMENT REACTOR DESIGN STUDY
The design-cost study for a possible replacement reactor for HI FAR, which

is now 21 years old, was reviewed in the light of the limited funds available. In
November 1978 the Commission adopted a revised plan which specified the scope
of the study and work has proceeded on that basis.

Scope of the Design Study

The design study is intended to establish the outline of a design for a reactor
and associated equipment that could meet Australia's long-term needs and would
comply with the appropriate safety standards. Consideration is being given to a
variety of types of site. Approximate cost estimates also will be developed.

Use of Low Enrichment Fuel

Most medium and high powered (greater than 5 MW) materials testing or
isotope production and research reactors have been designed to use fuel made from
highly enriched uranium. Following the President Carter Initiative in 1977,
Working Group 8 of the International Nuclear Fuel Cycle Evaluation (INFCE)
has been studying the feasibility of reducing the enrichment of uranium used in
research reactor fuel.

In 1978 a Commission physicist presented a paper at an International Atomic
Energy Agency Meeting on Research Reactor Renewal and Upgrading Programs
and collaborated in work at the Argonne National Laboratory (USA) to investigate
the effects on reactor performance of using lower enrichment uranium.
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In September 1978, a paper on Technical and Economic Factors in the
Determination of Fuel Enrichment for a Reactor for Isotope Production and
Research was presented to 1NFCE Working Group 8.

The use of low enrichment uranium for the fuel in medium and medium-high
performance research reactors is dependent on the development of fuel technology
to enable at least the same amount of uranium 235 to be encompassed in the same
volume of fuel material as in present high enrichment reactors. Unless this can be
done, performance will be reduced and the cost of fuel will be increased. In the
USA, a program of research and development is now commencing to develop the
necessary technology for fuels with a uranium-aluminium base and a luminium
cladding material. Jn France, a fuel has been developed using low enrichment
uranium oxide with zirconium cladding.
Consultancy Contracts

Previous investigations established that France is the only Western country
with an existing design team having recent experience on the type of reactor
considered most appropriate to Australia's future needs. A representative of
Technicatome, a commercial subsidiary of the French Commissariat a 1'Energie
Atomique (CEA), visited the Commission's Research Establishment for ten days
in February J979 for discussions on the scope of work that could be done to aid
the design study. The discussions resulted in a number of consultancy contracts
or work programs being agreed between the Commission and Technicatome. The
first two contracts were placed and work is in progress. A Commission officer
was sent to France to liaise on this work and to give essential on-the-spot guidance.
The first contract involving some three man-months of work began in April 1979
to investigate the effects of varying the reactor core parameters, and the use of
aluminium-based fuel compared with zirconium-based fuel. The second contract
extends those studies with optimisation work, seeks information on the safety of
French reactors and considers broad cost aspects.

WASTE CONTROL
Waste control systems and services operated satisfactorily. The discharges of

treated liquid effluent via a pipeline to the tidal reaches of the Woronora River
continued to be substantially [ower in radioactivity than the limits agreed with
the NSW authorities. Discussions arc proceeding with various authorities which
should make possible the discharge of treated liquid effluent into the Metropolitan
Water Sewerage and Drainage Board's (MWS and DB) sewer. It is proposed to
extend the Commission's existing discharge pipeline to the MWS and DB Ridge
Road, Engadine, carrier.

The small volumes of high-level liquid wastes arising from the production of
radiopharmaceuticals were put into shielded tanks for storage. The Commission
continued to store all solid waste at Lucas Heights. Low- and medium-level solid
wastes were compacted and stored in scaled drums under weatherproof conditions.

High-level solid waste was contained and placed in dry storage. Irradiated
spent HIFAR fuel elements were transported and stored in a shielded facility
under a dry, inert atmosphere and subject to surveillance and containment by the
Department of Safeguards of the International Atomic Energy Agency. Hazardous
non-radioactive solid waste and unwanted toxic chemicals were disposed of
through a State Government approved industrial waste collection contractor.

Airborne discharges from ventilation systems fitted with high efficiency
particulate absolute filters and charcoal absorbers for radioiodine were below the
limits agreed to by the NSW authorities,
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MODIFICATION OF THE ISOTOPE
PRODUCTION BUILDING

The original Isotope Production Building was designed in the early 1960s.
Current requirements are radically different and the safety and quality control
needs for all phases of radiopharmaceutical production have resulted in the follow-
ing program of building modifications. The Control Stores and Packaging Building
was built during the year to extend the main bay and allow operation of separate
packing facilities, with bonded stores to ensure integrity of the final products.
Construction cost was $134,125. Further work will involve modification of
the Change Room and Loading Bay to allow safety-oriented separation of change-
room functions and the rationalisation of corridor systems. Tender price, is $61,827.
Ventilation modifications are planned for 1980 to control the existing production
areas with both positive and negative pressure systems to comply with the recent
State and Commonwealth Good Manufacturing Practice Code. Estimated cost is
$130,000.

ENGINEERING DESIGN OF THE MARK III
TECHNETIUM GENERATOR

The Commission is a supplier to the technetium generator market and is
developing an improved model, the Mark III Generator, which will produce a
sterile product. Generators in which technetium 99m is produced through the
radioactive decay of molybdenum 99 have proved to be flexible and convenient
in nuclear medicine practice. Engineering aspects of the project included design
of t / . - j generator case and materials, specification of their manufacture, and
provision of facilities in which to prepare and assemble the generators.

The case was developed as a rotary moulded plastic unit. It carries a sachet
of sterile saline solution, the generator column containing the molybdenum 99
within its shielding container, a valve mechanism to allow discharge of the
technetium 99m, and interconnecting plastic tubing. The valve is a separate injection
moulded plastic sub-assembly. When its mechanism is operated, a needle attached
to the outlet pierces the septum of an evacuated collection vial, and a pinch valve
on the plastic supply tubing is opened. The saline solution then is drawn through
the generator column into the evacuated vial. The pinch valve will not open if the
mechanism is operated with an incorrectly positioned collection vial.

Two high activity handling cells are being modified to provide suitable
facilities for production and assembly. The thickness of the shielding at the cell
face has been doubled and extensive lead shielding added at the sides and the
rear of the cells to supplement shielding by the building structure. A major change
has been made to the cell ventilation system. As a part of the strategy to guarantee
sterility of the product, the cell working areas will be positively pressurised and
continuously purged with filtered air. All in-cell pneumatic equipment will be
operated from the same supply.

A pneumatic conveyor from elsewhere in the Isotope Production Building
will terminate in one of the cells and will supply cans of molybdenum solution to
the process line. This also will be operated with filtered air, and a sterilising wash
facility for the conveyor can is being incorporated at the dispatch end. In addition,
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materials and equipment can be moved to and from the process line by a "railway"
system, to the rear of the cells, and is accessible from the front working face. All
ingoing equipment will be pre-sterilised.

TESTING AND INSPECTION OF HIGH
PRESSURE EQUIPMENT

Much of the pressurised equipment used in the Commission's research
program is unique in that it operates at pressures and temperatures well in excess
of that normally found in industry. In certain cases it operates in a hostile
environment. The operational safety of such equipment is always a prime con-
sideration.

A high pressure test cell is being installed at the Research Establishment to
prove experimental equipment and systems. It will have the facilities necessary
for the hydrostatic testing of vessels and systems up to 770 megapascals (110,000
lb/in2) with monitoring through closed circuit television.
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OECD NUCLEAR ENERGY AGENCY
In the introduction to the Seventh Report on the Activities of the OECD

Nuclear Energy Agency (OECD, 1979), the Agency stales its views that the
present uncertainties surrounding nuclear development are basically political in
nature — the difficulty faced by governments in gaining public acceptance of
nuclear energy, a difficulty probably based on the speed of technological progress
in the industry; the destructive power associated with military application, and
hazards associated with radiation. Proliferation concerns also add to these
uncertainties.

It would be a mistake to view the OECD Nuclear Energy Agency (NEA).
composed of countries with a high level of industrial and nuclear development,
as a promoter of nr.clear energy. While it sees the need to dispel the uncertainties
surrounding nuclear development, if sees its role as assisting governments through
stored experience in the objective analysis of the nuclear option. Present NEA
priority activities are based on the member countries' needs in this respect: research
and development projects for long-term radioactive waste management, nuclear
safety, radiation protection and technical evaluation of the long-term prospects
for nuclear energy.

The Commission maintains an active role in NEA through attendance at
meetings of experts as delegates for Australia and by contributions to the ongoing
program of the NEA.

The NEA Radioactive Waste Management Committee co-ordinates the NEA's
effort in this area. Guided by the recommendations in the 1977 NEA report,
Objectives, Concepts, and Strategies for the Management of Radioactive Waste
(Polvani Report), priority was given in 1978-79 to consideration of objectives,
development of waste management technology and practice, and institutional
aspects. The NEA has initiated a study on integrated waste disposal philosophy
and a study of the legal, administrative and financial aspects of long-term manage-
ment of radioactive waste. Two working groups continued their investigations
into disposal of radioactive waste into geologic formations and into and under the
ocean floor respectively. Dr R. Smith, Counsellor (Atomic Energy), Australian High
Commission, London, attended meetings of the Radioactive Waste Management
Committee in Paris in November 1978 and March 1979. Dr Smith also attended
a meeting of an ad hoc group to study the legal, administrative and financial aspects
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of long-term management of radioactive waste, Paris, February 1979. Dr D. M.
Levins, Chemical Technology Division, attended and presented a paper at a seminar
on the Management, Stabilisation and Environmental Impact of Uranium Mill
Tailings, Albuquerque, July 1978. Dr Smith attended a special meeting in Paris,
June 1979, to consider a proposed NEA program in waste management utilising
an abandoned iron ore mine at Stripa, Sweden.

The Committee on Radiation Protection and Public Health, during
1978-79, continued to place emphasis on consideration of an overall approach to
the radiological and environmental impact of nuclear fuel cycle activities, other
sources of ionising radiation and other radioactive releases to the environment.
Special sub-groups and ad hoc meetings considered particular questions such as
personal dosimetry, monitoring of atmosphere in mines, control of radon in the
environment, management of uranium mill tailings, sea dumping of radioactive
waste and radiation protection concepts to bs applied to radioactive consumer
goods.

The Committee on the Safety of Nuclear Installations (CSN1) and its various
working groups provide i: mechanism for information exchange on all aspects of
nuclear safety, for examining results generated in member States, and for selecting
and investigating nuclear safety questions needing future research or analysis.
The work of the Committee is organised on two levels: a general exchange of
information, and in-depth examination of a mori^ operational nature of specific
topics. The nuclear safety groups placed emphasis in 1978-79 on safety research
related to water reactors, fast reactors, reactors in general, nuclear fuel cycle,
nuclear-propelled ships, the nuclear safety research index and licensing. Dr N. R.
McDonald, Counsellor (Atomic Energy), Australian Embassy, Vienna, attended
the Plenary Meeting of CSN1 and a sub-group on licensing, November 1978,
Paris. The Commission's Licensing and Regulatory Bureau provides a focus for
technical considerations of nuclear safety.

The Committee for Technical and Economic Studies on Nuclear Energy and
the Fuel Cycle (FCC) co-ordinates the NEA's program on nuclear energy develop-
ment and the nuclear fuel cycle. During 1978-79, emphasis was placed on
assessment of uranium resources and demand, nuclear fuel cycle requirements
and supplies through the long-term, research and development in uranium explora-
tion techniques and uranium extraction studies. Dr Smith attended a meeting of
the FCC in April 1979 in Paris. The Steering Group and Working Party on
Uranium Resources is preparing a revision of the OECD NEA/IAEA Report,
Uranium — Resources, Production and Demand (Paris, December 1977), planned
for publication in late 1979. Dr Smith attended meetings of the February and
May 1979 groups in Paris. Dr Smith attended a meeting of the Working Party
on Nuclear Fuel Cycle Requirements, December 1978, Paris. Dr McDonald
attended a meeting of the FCC, September 1978, Paris, a meeting of the Working
Party on Uranium Extraction, October 1978, Paris, and a meeting of the Steering
Group on Uranium Resources, October 1978, Paris. Dr P. G. Aifredson, Chief,
Chemical Technology Division, attended a meeting of the Working Party on
Uranium Extraction, June 1979, Paris.

Dr Smith represented Australia at meetings of the OECD Steering Committee
for Nuclear Energy, which co-ordinates policy for the NEA, October 1978 and
April 1979, Paris.

In March 1979, Dr W. H. Hannum, Deputy Director-General of NEA, visited
Australia to discuss with the Commission and other government departments Aus-
tralia's involvement in NEA.
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INTERNATIONAL ATOMIC ENERGY AGENCY

The International Atomic Energy Agency (IAEA) saw 1978 as providing
an opportunity for international organisations to reaffirm the view that in
the context of the uncertainties surrounding the petroleum option the only
choices which the world has until the end of this century, at least for the
production of electricity, are coal and nuclear power. In contrast to this, only in
a small number of countries are these convictions reflected in effective national
policies. The IAEA saw the two major restraints on a greater use of nuclear power
in terms of public misgivings about the safety of nuclear power plants and the risk
of further proliferation of nuclear weapons.

The Commission assists Australia's representation on the IAEA's executive
and governing organ, the Board of Governors, through the Commission's Chair-
man, Professor D. W. George. Professor George attended meetings of the Board
of Governors in September 1978 and February 1979 and led the Australian
delegation to the 22nd General Conference of the IAEA, September 1978, Vienna.
The Australian delegation to the February Board included Dr W. B. Rotsey,
Acting Head, Regulatory and External Relations Branch, and Mr J. D. C. Studdert,
External Relations Office.

Commission areas of interest are centred on IAEA priority concerns of safety,
safeguards, environmental protection and public 'health, waste management,
technical assistance and public acceptance. Commission involvement is headed by
the Counsellor (Atomic Energy), Australian Embassy, Vienna, assisted by briefing
provided by Commission officers and by Australian-based representation where
appropriate.

In the area of environmental protection, public health and waste management,
Mr J. E. Cook, Environment and Public Health Unit, attended at IAEA
expense a joint IAEA-World Health Organisation (WHO)-lnternational Labour
Organisation (1LO) Ad Hoc Meeting to revise 1LO-IAEA publications on the
Code of Practice on Radiation Protection in the Mining and Milling of Radioactive
Ores, August 1978, Portoroz, and an Advisory Group Meeting on the Manage-
ment of Uranium Tailings, October-November 1978, Salt Lake City. Mr D. R.
Davy, Acting Chief, Environmental Science Division, attended at Agency expense,
an Ad Hoc Group Meeting to review the draft of a Guide on Site Selection,
Operation, Control and Decommissioning of Low and Intermediate Level Radio-
active Waste Burial Grounds, October-November, Salzburg.

In the area of nuclear safety, Mr J. M. Rolland, External Relations Office,
attended a Standing Advisory Group Meeting on Safe Transport of Radioactive
Materials, September 1978, Vienna, and a Technical Committee Meeting to Revise
and Expand the Advisory Material on the Application of the IAEA Transport
Regulations, Safety Series No. 37, October 1978, Rome. Mr M. R. Allen,
Engineering Services Department, attended at Agency expense, an Advisory Group
Meeting on Safety Aspects of Design Equipment of Hot Laboratories, Safety Series
No. 30, March 1979, Bombay.

In the area of safeguards, Mr K. Quealy, Nuclear Materials Section, attended
the 4th Safeguards Workshop Seminar on Accounting Problems, and a Symposium
on Nuclear Materials Safeguards, July 1978, Vienna.

Commission officers attended a number of technical meetings in other areas
during 1978-79. Professors. T. Butler, Director, Research Establishment, attended
the 7th Conference on Plasma Physics and Controlled Nuclear Fusion Research,
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August 1978, Innsbruck. (Professor Butler also visited centres in the USA, the
UK, France and Italy engaged in research on nuclear fusion.) Mr A. R. Musgrove,
Physics Division, attended a conference on Neutron Physics of Nuclear Data for
Reactors and Other Applied Purposes, organised by OECD NEA and the UKAEA,
with the support of the IAEA and the Commission of the European Communities,
September 1978, Harwell. Dr R. D. Simpson, Environmental Science Division,
attended at Agency expense, a co-ordinated research program meeting on the Study
of the Movement of Radiation in Inland Waterways and Aquifers, October 1978,
Las Vegas. Dr P. L. Airey, Isotope Division, attended with IAEA financial
assistance, an Advisory Group Meeting on Application of Isotope Techniques to
Arid Zone Hydrology, November 1978, Vienna. Mr R. L. Walsh, Physics Division,
attended and presented a paper at a Symposium on Physics and Chemistry of
Fission, May 1979, Julich. Mr W. H. Neale, Head Librarian, attended an Inter-
national Nuclear Information System (INIS) Liaison Officers' Meeting, May 1979,
Karlsruhe. Dr P. G. Alfrer'son, Acting Chief, Chemical Technology Division,
attended an Advisory Group Meeting on Production of Yellowcake and Uranium
Fluorides, June 1979, Vienna. Dr N. R. McDonald, Counsellor (Atomic Energy),
Australian Embassy, Vienna, represented Australia at a number of technical and
policy meetings during 1978-79.

Under the 1972 Regional Co-operative Agreement for Research and Develop-
ment and Training Related to Nuclear Science and Technology for South Asia,
South-East Asia and the Pacific or the Far East (RCA), the Commission in
consultation with the Australian Development Assistance Bureau (ADAB)
developed a co-operative project for the use of low-level counting techniques for
ground-water studies, sediment movement and low-level artificial tracing techniques.
It is envisaged that the program will extend over three years, and $90,000 has
bsen provided by the Australian Government for the first year (1979). The
project's aim is to develop isotope hydrological techniques as an additional
investigational tool in the countries of the region and to co-ordinate research in
hydrological problems of common interest.

During the first year of the program it is planned to establish a tritium
laboratory in a participating member State. At a later stage the provision of extra
facilities for carbon 14 measurements, gamma spectrometry of sediments and
soils, and stable isotope measurements will be investigated.

The Governments of the Republic of Korea, Thailand, Malaysia, Indonesia,
Philippines, Bangladesh, Sri Lanka and Singapore have formally expressed an
interest in the project.

In May-June 1979, Dr P. L. Airey, Isotope Division, visited the Republic of
Korea, Malaysia, Thailand and Indonesia to provide information which will assist
the IAEA in deciding which of the RCA member States initially will receive the
facilities and support promised in the Australian initiated project. Dr Airey was
accompanied by Mr T. Florkowski, Department of Research and Isotopes, IAEA.

Commission involvement in RCA is not l imited to the above project. In April-
November 1978, Mr P. Gillespie, Materials Division, participated in a technical
mission of four experts to RCA member States to study the use of isotopes in the
industrial field and to determine the manner in which the further use of isotopes
could be promoted so as to provide economic gains in the member countries of
the RCA region. Dr W. B. Rotsey, Acting Head, Regulatory and External Relations
Branch, attended a meeting of senior scientists of the RCA, June 1978, Kuala
Lumpur.
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Professor H. Kakihana, Deputy Director-General, IAEA Department of
Research and Isotopes, visited Australia in April 1979 to discuss with the Com-
mission, the Department of Foreign Affairs and ADAB, Australian involvement in
RCA and technical assistance in general.

Commission officers currently employed by the IAEA are Mr U. Barda, Mr
K. Veevers and Mr J. P. Ikenberg in the Department of Safeguards. Dr G. Cox
has been provided at the Commission's expense for two years as a computer expert
to the IAEA's Division of Scientific and Technical Information. Dr Cox will
contribute to the Agency's safeguards capability.

OTHER OVERSEAS VISITS AND ATTACHMENTS
The General Manager, Mr K. F. Alder, attended the Annual International

Meetings of the US Atomic Industrial Forum and the American Nuclear Society
in Washington, D.C., in November 1978. He also visited the UK and France and
attended the INFCE Plenary Session in Vienna as a member of the Australian
Delegation.

Mr A. D. Thomas, Chief Executive Officer (Uran ium) , and Mr VV. J. Wright.
Head, Nuclear Fuel Cycle Assessment and Planning Unit, visited the UK, Finland
and Japan in July 1978. In August 1978, they visited the USA and the Philippines.
The purpose of both visits was to study the market for uranium. In London, they
also attended the Annual Meeting of the Uranium Institute.

Dr W. B. Rotsey, Acting Head, Regulatory and External Relations Branch,
visited the USA in January 1979 as a member of the Australian Delegation to
negotiate a new USA-Australia Agreement for Co-operation Concerning Civil Uses
of Atomic Energy. Dr Rotsey also visited the UK, France and Vienna.

A number of specialised visits by Commission staff took place during the
year. These included: Dr D. M. Levins — research on management of uranium
mill tailings; Mr J. J. Fardy — neutron activation analysis and low-level radio-
chemical techniques of analysis; Mr K. Quealy — safeguarding of nuclear
materials; Mr D. B. McCulIoch — research reactor design/cost study; Mr R. E.
Boyd — nuclear medicine and biology; Dr D. J. Richardson — IBM Study
Workshop, computers in nuclear science; Dr K. U. Snowden — research on
materials for nuclear applications; Dr J. M. Costello — attended two meetings as
a member of an expert panel to advise the United Nations Environment Program
on environmental aspects of the nuclear fuel cycle; Dr A. J. Tavendale — research
on semi-conductor materials for nuclear radiation detectors; Mr J. Price — research
relevant to centrifuge enrichment technology; Mr J. W. Farthing — operational
aspects of uranium mines and mills; Dr P. G. Alfredson — radioactive waste
management; Mr W. H. Neale — storage and retrieval of information in the nuclear
and other energy fields.

Overseas visits in connection with the International Atomic Energy Agency,
the OECD Nuclear Energy Agency and the International Nuclear Fuel Cycle
Evaluation are dealt with in the appropriate sections of this report.

The attachment of Mr M. Thackray, Isotope Division, to SRI International.
Menlo Park, California, was extended for another year to the end of 1979. The
attachment of Dr A. B. McLaren, Chemical Technology Division, to the Institute
for Hot Chemistry, Karlsruhe, West Germany, is continuing.
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AMENDMENT OF THE ATOMIC ENERGY ACT 1953

In November 1978, the Commonwealth Government introduced into
Parliament the Atomic Energy Amendment Bill (No. 2) 1978. The purpose of the
Bill was to aiTord to the holders of the authority under Section 41 of the Act for
mining of the Ranger deposit security of tenure similar to that afforded under
mining leases in the Northern Territory and most States, while at the same time
ensuring that the authority is subject to appropriate controls.

The Bill was passed by the Senate and House of Representatives and the
Atomic Energy Amendment Act (No. 2) 1978 was assented to on 4 December
1978. Pursuant to the Act, Administrative Arrangements Order S269 of
5 December 1978 provided inter alia for sections 41 A, 4 IB and 41 c of the Act
to be administered by the Minister for Trade and Resources, and for matters arising
thereunder to- be dealt with by the Department of Trade and Resources.

In May 1979, the Commonwealth Government introduced into Parliament
the Atomic Energy Amendment Bill 1979. The main purposes of this Bill were to
enable the Commonwealth to guarantee the repayment of moneys borrowed by
the Commission for its contributions to the Ranger Joint Venture and to enable
the Commission in pursuance of its functions to accept gifts or grants. The
opportunity was taken at the same time to make some technical amendments to
bring some existing sections of the Act into line with current practice.

The Bill was passed by the Senate and House of Representatives and the
Atomic Energy Amendment Act 1979 was assented to on 14 June 1979.

Taken together, the Atomic Energy Amendment Act (No. 2) 1978 and
Atomic Energy Amendment Act 1979 provide a firm specific base for:

• The Commission to accept gifts and grants from outside organisations and
use them for the intended purposes.

• The Commission to borrow funds required for capital development costs of
the Ranger uranium venture.

• The Ranger uranium venture to proceed with security of tenure, subject to
appropriate controls.

Minor amendments to the Act deal with staffing of the Commission in such
a way as to simplify appointment procedures, and to provide for exemption of the
Commission from taxation under Commonwealth, State or Territory laws.
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ORGANISATION OF THE COMMISSION
Over recent years the Commission's Research Establishment at Lucas Heights

has been known as the Nuclear Science and Technology Branch. On 3 July 1978
its formal title reverted to the AAEC Research Establishment. Modifications made
to the organisation at the same time resulted in the positions and titles of some
senior staff members being changed. Details of the positions held at 30 June 1979
are set out in Appendix C.

A new Environmental Science Division was formed at the Research
Establishment in November 1978, to provide the focus of scientific and technical
contact with other Government authorities and departments having specific
responsibilities in the environmental field. The Division was staffed, in the main,
by redeploying professional and support staff from other research activities.

The Uranium Branch was abolished in May 1979. Staff were redeployed and
some of the functions of the former Branch absorbed by the Uranium Production
Unit, the Nuclear Fuel Cycle Assessment and Planning Unit, and the Uranium
Resources Evaluation Unit.

STAFF NUMBERS
The total staff employed by the Commission at 30 June 1979 was 1,190. This

number included 20 apprentices recruited during the last quarter of 1978-79. This
recruitment program represented the Commission's part in implementing a Cabinet
decision whereby the Commonwealth Government sought to increase the number
of apprentices in Government employment.

The staff was distributed as follows:

Tola! Strength
at 30/6/79 at 30/6/78

Research Establishment 1,060 1,133
Regulatory and External Relations Branch 32 34(1)

Head Office 98<2> 87

1,190")

1. Includes four staff detached to the Australian Safeguards Office.
2. This figure includes staff redeployed following the abolition of the Uranium Branch in

May 1979.
3. With regard to the staff numbers allocated by the Government it should be noted that

this figure includes inoperative staff, i.e. staff on long leave, detached to other organisa-
tions, etc.

In implementing Government policies on staffing levels the Commission has
redeployed staff wherever possible. The major impact of staff ceiling cuts during
the past year was absorbed in the administrative-clerical and technical-trades
support services areas.

INDUSTRIAL RELATIONS
The establishment of the Industrial Relations Department in 1977 has proved

a worthwhile measure. The Commission has sought to encourage through the
Industrial Relations Department, an open-door policy of communication and
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discussions in considering the many and varied claims and representations of the
21 Associations and Unions representing the interests of members employed by
the Commission. Industrial relations have been improved as a result of this policy.
At the same time continuing consultations with the Public Service Board on a
wide range of industrial matters, as befits the statutory relationship between the
Commission and the Board, has been beneficial. Advice received was instrumental
in resolving many issues. The Commission is cognisant of the goodwill and intent
of the Associations and Unions on issuss of safety and employee conditions and
wishes to acknowledge the co-operation of the organisations' representatives and
officials.

ADMINISTRATION

The reorganisation referred to in the Annual Report for 1977-78 has allowed
greater emphasis to be placed on industrial relations, staff training and career
development. A comprehensive updating of the Commission's Terms and
Conditions of Employment was initiated by the Industrial Relations Department.
The Manpower Development Department instituted special courses. One Pre-
Retiremeiit Seminar and four Supervisors' Training courses were held. Middle
Management training and other types of courses are planned. A scheme involving
the award of a limited number of undergraduate and post-graduate scholarships
was extended to include Staff Development Training Awards.

SENIOR STAFF CHANGES

Mr W. B. Lynch resumed duty as Secretary of the Commission in December
1978 after four years' attachment to the International Atomic Energy Agency in
Vienna. Mr A. D. Thomas, who had occupied the position of Secretary during
Mr Lynch's absence, was appointed to the post of Chief Executive Officer
(Uranium).

Dr W. B. Rotsey continued to act on behalf of Dr A. R. W. Wilson as Head,
Regulatory and External Relations Branch. Dr Wilson is engaged as Aus-
tralian Co-Chairman of Working Group 3 of the International Nuclear Fuel Cycle
Evaluation.

Mr D. R. Griffiths, Head, Uranium Branch, retired on 24 November 1978
after 20 years' service with the Commission, At the time of his retirement Mr
Griffiths was one of the Commission's long-serving staff members and one of its
most experienced nuclear engineers.

Mr H. W. J. Bowen, Controller, Administration, at the Research Establish-
ment, retired in September 1978 after a long period of illness. He was replaced
initially by Mr C. H. Bebb, who has also experienced a long period of illhealth and
subsequently Mr N. J. Carnegie has acted in the position pending finalisation of a
review of the functions.

Dr P. M. Kelly was appointed Chief, Materials Division, on 2 November 1978.
Dr J. K. Parry was transferred in January 1979 from his position of Chief,

Instrumentation and Control Division, to act as Chief, Physics Division. His place
was taken in an acting capacity by Dr A. J. Tavendale.

Mr D. R. Davy was appointed Acting Chief of the newly formed Environ-
mental Science Division with effect from 9 November 1978.
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MEDICAL HEALTH SURVEY

The Second Report of the Survey o] Health o] Employees in the Research
Establishment of the Australian Atomic Energy Commission at Lucas Heights,
Sydney, was completed by Professor David Ferguson in April 1979. Publication
of the report was arranged by the Commission and at 30 June 1979 was in the
hands of the printer with completion expected in August 1979. The Second Report
is sub-titled "Interpretation of Hazard and Recommendations". A copy of the
report draft was also handed by Professor Ferguson to the New South Wales Labor
Council acting on behalf of the unions representing the staff at Lucas Heights who
initially sought the survey.

The First Report of the Health Survey was released in May 1978. Both
reports were prepared by Professor David Ferguson, Professor of Occupational and
Environmental Health, School of Public Health and Tropical Medicine, Univer-
sity of Sydney and the Commonwealth Department of Health.

The Survey was planned in 1974 following representations by staff associations
at the Commission's Research Establishment, expressing concern over possible
illhealth arising from the conditions of work at the Establishment. Staff
participation in the health survey was voluntary and a total of 1,141 stall members
(93 per cent of staff) were examined during 1975 and 1976.

The survey was conducted by the Department of Occupational and Environ-
mental Health of the School of Public Health and Tropical Medicine on behalf
of the Commission. The Labor Council of New South Wales co-operated with
the Commission in the Survey.

The Second Report brings together information of varied type, including data
on toxicological and radiological incidents and on incidence of disease as well as
some limited further analysis of medical interview data. However, the report
mainly explores possible associations between observed and reported il lhealth and
information on exposure to risk in places of work, and makes recommendations
on health and safety control in the Establishment.

The Commission records its appreciation to Professor Ferguson for his efforts
in completing the Second Report while continuing to meet the constant heavy
demands of his University Department.

SAFETY REVIEW COMMITTEE

The Safety Review Committee continued to review and assess the effectiveness
of the organisation, standards and procedures adopted by the Commission to ensure
the safety of operations and procedures at its Research Establishment.

The Committee held two meetings during the year, 9-11 October 1978 and
4-6 April 1979. On both occasions the Committee met with staff representatives
of on-site unions and associations to discuss aspects of their work connected with
safety matters.

Membership of the Committee changed during the year when Dr S. J. Krister
resigned from the Committee following his resignation from the Health Commission
of NSW. Dr J. D. Harley, who succeeded Dr Krister as Commissioner for Environ-
mental and Special Health Services, Health Commission of NSW, was appointed a
member of the Safety Review Committee in January 1979.
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NERDDC REVIEW
On 2 November 1978, the Honourable Kevin Newman, M.P., Minister for

National Development, announced that a review of the research and development
activities of the Australian Atomic Energy Commission would be undertaken by
a committee of the National Energy Research, Development and Demonstration
Council (NERDDC). The Committee comprised Mr J. B. Kirkwood, Chairman
and Chief Executive, State Energy Commission of Western Australia (Chairman);
Dr J. L. Farrands, Secretary, Department of Science and the Environment; and
Dr R. G. Ward, General Manager, Research and New Technology, the Broken
Hill Proprietary Company Limited.

The report of the Committee is expected to be completed early in the 1979-80
financial year.

The terms of reference of the Committee are as follows:
To examine and report on—

A. The AAEC Research Establishment's present energy research and develop-
ment (R&D) programs including details of scientific and technical infrastructure
and deployment of scientific and technical manpower. This part of the review to
include:

(i) the nature and priorities of the Research Establishment's present R&D
programs, including:
(a) the various fields of R&D;
(b) the reasons and need for each program in the various fields; and
(c) the degree to which each program is strategic, tactical or fundamental;

( i i ) the degree to which the present R&D programs:
(a) overlap with other Government sponsored R&D programs;
(b) are related to similar international R&D programs; and
(c) are required to continue to meet existing international obligations;

( i i i ) the resources — both human (scientific and technical), as well as physical
(facilities and services) currently available for R&D within the Research
Establishment including such services as technical and scientific information,
safety, medical and environmental, computing and engineering and other
workshops;

(iv) the managerial skills and capacity of the Research Establishment:
(a) to handle and implement results from its R&D programs including

patenting and licensing;
(b) to arrange and overview contract R&D.

B. The capacity of the Research Establishment to re-orientate, as necessary, its
R&D role and to deploy both existing and new resources to meet the Government's
energy policies and broader energy R&D objectives as recommended by ASTEC
and NEAC and accepted by the Government. These policies and objectives include
consideration of Australia's obligations to international bodies such as the OECD,
and the activities of the Commission in this regard to be judged against the co-
ordinated national energy R&D program being developed through NERDDC.
In particular the following aspects:

(i) the degree to which the present energy R&D program should be modified;
(ii) the nature, form and size of any new energy R&D programs that could be

undertaken both in the longer and in the shorter terms, to meet the
Government's energy R&D priorities;
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(iii) the extent to which:
(a) energy R&D programs should occupy the total R&D capacity of the

Research Establishment; and
(b) the proportion of non-nuclear to nuclear (fission plus fusion) R&D

in such a re-orientated energy R&D program, in both the shorter and
longer terms.

C. The identification of any factors which could inhibit any redeployment and
use of Research Establishment resources in non-nuclear energy R&D activities
including:

(i) the lack of types and numbers of scientific and technical experts and skills
required;

(ii) the costs of renovating and modifying existing facilities at the Research
Establishment to match any such redeployment;

(iii) the need for and costs of any new facilities;
(iv) the major time constraints involved in any such deployment;
(v) other constraints such as the existence of competing non-energy R&D

programs and scientific/technical services, e.g., production of radioisotopes;
(vi) the need for changes in the Atomic Energy Act.

The announcement by the Minister for National Development represented
the culmination of lengthy discussions concerning the research and development
activities of the Commission's Research Establishment, and the question of
extending these activities to non-energy nuclear work and the field of non-nuclear
energy.

The Committee had its first meeting with the Chairman, General Manager,
and senior members of Commission staff on 13 December 1978, at which general
procedural and administrative arrangements for the review were made. Sub-
sequently, the Committee obtained information on the activities of the Research
Establishment by way of a number of reports, some previously published and
others specially prepared. Members of the Committee visited the Research
Establishment on several occasions and interviewed a number of start members.
Submissions were received from various individuals and organisations, professional
associations, members of staff and from the Commission itself. On 7 June 1979,
the Committee and Commissioners met for an informal discussion of the review
prior to the completion of the report required under the terms of reference.

INFORMATION SERVICES

The Commission continued to meet a sustained demand from the Australian
public generally for semi-technical information on nuclear energy. This was met
by a range of Commission publications, a special visits program to the Research
Establishment, films, exhibitions, talks, answers to questions, and media briefings
and assistance in preparation of articles and film.

More than 16,000 people visited the Information Centre at Lucas Heights
during the year to inspect the permanent nuclear energy display. A further series
of Research Establishment "Invitation Days" was conducted at approximately
monthly intervals to enable community leaders to obtain a better understanding
of the Commission's work and objectives. These occasions were supplemented by
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visits to the Research Establishment of groups with specific interests in the Com-
mission's work. In total, more than 4,500 persons inspected laboratories and
facilities in groups numbering up to 100.

The Commission responded to some 200 requests for speakers on subjects of
nuclear interest. At the invitation of the Department of Education (Northern
Territory Division), Commission officers visited secondary area schools in the
Northern Territory in September-October 1978 to provide factual information on
uranium and the nuclear industry to teaching staff and senior students. Following
a request from the Western Australian Institute of Technology, Commission
officers presented a one-day seminar on the nuclear industry at the Institute in
Perth in April 1979, together with a half-clay seminar at the University of Western
Australia. During the visit Commission speakers also presented a public lecture.
Commission officers visited Townsville in April 1979 at the invitation of the
National Party of Australia, Queensland Branch, to address a North Queensland
Development Seminar on aspects of the nuclear fuel cycle. Several additional talks
and media interviews were requested and fulfilled during the visit.

A total of 539 loans was made by the Commission's Film Lending Library
during the year. The film library holds more than 140 overseas and Australian
titles covering all aspects of the nuclear field. Six new titles from overseas were
added during the year. Most requests for film loans arc made by schools, hospitals,
universities and colleges of advanced education.

A new quarterly publication, AAEC Nuclear News, was introduced by the
Commission in March 1979. This newsletter-style publication presents brief reports
to the public and industry on current Commission research and development and
on services available from the Commission.

The Commission's exhibition caravan was refurbished during the period and
a new exhibit on the nuclear fuel cycle installed. The caravan will be available
for travelling exhibitions during the coming year. A small, portable exhibit was
prepared also on the nuclear fuel cycle for general use at schools, libraries and
institute exhibits.

AUSTRALIAN INSTITUTE OF NUCLEAR SCIENCE
AND ENGINEERING

The member organisations of the Australian Institute of Nuclear Science and
Engineering (AINSE) are 17 Australian Universities and the Australian Atomic
Energy Commision. The AINSE Council, which governs the Institute, has four
representatives of the Commission and one from each of the other member
organisations. Policies are implemented by an Executive Committee and ten
AINSE staff members. Activities during the year remained focused on the original
objectives effective since AINSE was established in 1958. These objectives are to
ensure that universities and other research organisations in Australia have direct
access to the special facilities at the Commission's Research Establishment, Lucas
Heights, including nuclear reactors, accelerators, etc., and that active co-operation
in research and training is encouraged between all organisations in Australia with
interests in the nuclear field or in the use of nuclear techniques and facilities in
other fields.

In 1978-79, the Institute provided 111 AINSE Grants, supported six AINSE
Post-Graduate Students and eight AINSE Research Fellows, and arranged three
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AINSE Conferences. The major fields in which AINSE support was awarded
included radiation biology, neutron physics, radiation chemistry, nuclear techniques
of analysis, engineering research, plasma physics, radiation damage studies and
neutron diffraction. In April 1979, the Institute made a submission to the NERDDC
Committee enquiring into the research and development role of the Commission's
Research Establishment.

Council and Executive Committee

In January 1978, Professor E. O. Halt (University of Newcastle) was
succeeded as President of the Inst i tute by Professor R. W. Parsons (University of
Queensland). The AINSE Council met on four occasions, and associated activities
included the following. On 3 August 1978, at the University of NSW, Professor
G. M. Badger, Chairman of the Australian Science and Technology Council
(ASTEC), presented a public lecture on "Science and Technology and the Public
Well-Being", under the joint auspices of AINSE and the university. On 21
February 1979, at the University of New England, Armidale, NSW, a discussion
session on "University Research and the Role of National Facilities" followed
addresses by Professor R. Gates (University of New England), Professor S. T.
Butler (AAEC), Professor 1. Ross (Australian National University) and Professor
H. W. Worner (CSIRO). This session was arranged by the Institute and attended
by a number of visiting Vice-Chancellors, by Mr J. B. Kirkwood (Chairman of
NERDDC) and members of the university. On 10 May 1979, at the AAEC
Research Establishment, Lucas Heights, the Council heard addresses by Professor
D. W. George, Professor S. T. Butler, Dr J. L. Symonds, Mr D. R. Davy and
Mr D. R. Ebeling, on aspects of the Commission's activities.

Members of the Executive Committee were the President, the Vice-Presidents
(Professor R. W. Parsons, to 31 December 1978; Professor S. C. Haydon;
Professor I. J. Polmear, from I January 1979), the Immediate Past President
(Professor P. A. Parsons, to 31 December 1978; Professor E. O. Hall, from 1
January 1979), the Director of the AAEC Research Establishment (Professor S. T.
Butler), the Acting Head, Regulatory and External Relations Branch, AAEC
(Dr W. B. Rotsey), and the Executive Officer, AINSE (Mr E. A. Palmer).

Finances

The Institute's finances are arranged on a calendar year basis, the main
sources of income being annual membership subscriptions payable by the member
organisations ($229,500 for 1978) and the annual Contribution for Research and
Training received from the AAEC ($300,000 for 1978). Total income for the year
J978 amounted to $568,190 and total costs were $549,662, of which $460,941
(84 per cent) was expended on research and training. Official accounts were
maintained by the AAEC, and the Chief Auditor AAEC was the Institute's
auditor.

For the year 1979, member organisations' subscriptions were increased by
approximately 10 per cent, but as the Contribution for Research and Training
remained at $300,000 p.a. for 1979 and for 1980, the purchasing power of the
Institute's annual income continued to decline.

During 1978-79, the Institute Council requested the assistance of the Com-
mission towards obtaining increases in the annual Contribution to permit effective
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use to continue of the national resources at Lucas Heights by members of other
research organisations.

AINSE Visitors
During 1978 the Institute was responsible for a total of more than 400

individuals from universities and colleges of advanced education being attached to
Lucas Heights, involving a total of more than 2,700 man days. Most of these
visitors were involved in research and training projects supported by the Institute,
using specialised equipment in co-operation with Commission and AINSE staff
members.

AINSE Grants

AINSE Grants were the major mechanism by which the Insti tute assisted
research and training during 1978-79, both in the nuclear field and in fields using
nuclear techniques. I l l grants were awarded for 1979 in response to proposals
submitted for awards by 20 academic institutions.

About $85,000 was provided as Direct Grants for 1979 for the purchase of
equipment for use in the various projects. About $65,000 is expected to be used
in 1979 in meeting costs involved for the academic staff members and research
students connected with these projects to carry out the related work at Lucas
Heights. Visitors from distant centres stayed at Stevens Hall, Lucas Heights, for
this purpose. The duration of visits varied from one day to several months. During
these periods of attachment, the visitors received the assistance of Commission and
AINSE staff members both in the conduct of their experimental investigations and
in the provision of training programs.

A significant proportion of the direct grants was directed to the support of
research in plasma physics connected with the longer term developments in deriving
energy from controlled nuclear fusion reactors, but overall the major part of the
grants was devoted to the support of work using the specialised facilities at Lucas
Heights. Details of AINSE Grants for 1979 are given in Appendix F.

AINSE Fellowships

Post-Doctoral Awards in the form of AINSE Research Fellowships were
offered in two series in 1978-79, closing in August 1978 and February 1979.
During the year three Fellows (Drs Anstis, Thorpe and Imray) completed their
work, two Fellows (Drs Tibballs and Stelbovics) continued their research, and
three new Fellows (Drs Richardson, Bighel and Williams) commenced their
projects. These awards carried emolument between $13,000 and $18,000 a year
and attracted candidates of high quality at an early stage of their research careers.

In continuation of existing practice, the candidates were nominated by the
member organisations and the projects proposed involved research relevant to the
nuclear field or investigations using nuclear techniques. The AINSE Fellowship
scheme again provided opportunities for outstanding young scientists to undertake
important research in co-operation with experienced scientists at Lucas Heights
and in the universities. The Fellowship projects arc listed in Appendix F.

AINSE Studentships

The award of two new AINSE Post-Graduate Research .Studentships for
commencement early in 1979 brought the total number of Studentships current in
1978-79 to six. As detailed in Appendix F, the projects undertaken by these Ph.D.
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candidates covered aspects of radiation chemistry, development of radiation
detection systems, study of radiation damage in glass, and investigation of mineral
structures using neutron diffraction techniques. The research students supported
with these awards held tenure at five different universities and each spent about
one-quarter of his working time attached to Lucas Heights. By June 1979, a total
of 22 students had completed or were completing Ph.Ds under the present ATNSE
Scheme which began in 1964.

AINSE Conferences

Three AINSE Conferences were held in 1978-79 as follows:

9th AINSE Radiation Chemistry Conference, Lucas Heights, 21-23 August
1978. More than 60 participants attended this conference from universities,
colleges of advanced education, government laboratories and industry. Professor
Y. Tabata (University of Tokyo) was a principal speaker, and papers covered
topics from pulse radiolysis to radiation effects in polymers. One day was devoted
to a seminar and workshop on pulse radiolysis techniques, and gave rise to
the establishment of a working party to develop proposals for the provision
of a linear accelerator (about 10-12 MeV) for electrons to cater for the future
research needs of scientists in Australia beyond the capacity of the 1.3 MeV
electron accelerator currently available at LUCPS Heights.

AINSE Neutron Diffraction Seminar, Lucas Heights, 8-9 September 1978. The
Institute arranged this meeting of most of the scientists in Australia involved in
the use of neutron scattering techniques to have opportunity for discussions with
Dr John White, Director of the Institut Laue Langevin, during his visit to Lucas
Heights. The applications of these techniques in geology, chemistry, biology,
solid state physics, materials science and other areas were examined, particularly
in relation to the current use of existing diffractometers using neutron beams
from HIFAR reactor and to the need of Australian scientists for improved
neutron beams and associated facilities.

12th AINSE Plasma Physics Conference, Lucas Heights, 5-6 February 1979,
and the University of Sydney, 7 February 1979. More than 120 physicists from
the universities and the Commission attended this conference at which current
research and future plans for work in plasma physics were discussed. The
conference sessions provided opportunities for interaction between physicists
involved in experimental investigations and those active in development of
theoretical aspects of plasma physics. The Institute's interest was directed
particularly to developments related to thermonuclear fusion reactions, both
in magnetically confined plasmas and in systems based on laser technology.

During the year 1978-79, the Institute took planning action for the following
future AINSE Conferences:

7th AINSE Radiation Biology Conference, Lucas Heights, 20-21 August 1979.
8th AINSE Nuclear Physics Conference, Australian National University, 4-6
February 1980.
3rd AINSE Engineering Conference, Lucas Heights, August 1980.
3rd AINSE Conference on Nuclear Techniques of Analysis, 1981.
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AINSE Neutron Diffraction Group
The four members of the AINSE Neutron Diffraction Group, led by Dr F. H.

Moore, provided assistance through 1978-79 for all projects undertaken by
scientists in Australia using neutron scattering techniques. They advised on the
design of experiments, the collection and interpretation of data and took respon-
sibility for the development, installation, operation and maintenance of the ten
neutron diffractometers on the Commission's reactor HIFAR. Expenditure in 1978
of $57,000 from AINSE funds for new equipment for neutron diffraction work,
brought the Institute's cumulative investment in this area to more than $300,000.
The AINSE neutron diffraction group also took responsibility for operating the
Commission's neutron diffractometers costing many times this total. However, the
further reduction of the Commission's involvement in this area during 1978-79
(to one active scientist) gave rise to serious problems and delays in the develop-
ment of equipment required to meet increasing demands from scientists wishing to
use neutron diffraction techniques.

During 1978-79, particular effort was devoted to the commissioning of
equipment for collecting single-crystal neutron diffraction data at low temperatures
(liquid nitrogen), the operation of very low temperature (liquid helium) facilities
for powder diffraction studies, and work towards completion of a high resolution
diffractometer for profile analysis work. In co-operation with research groups from
other organisations (universities, CSIRO, colleges of advanced education), work
proceeded in 1978-79 on the study of the structure of biological membranes using
neutron diffraction techniques and on the use of polarised neutrons.

AINSE Accelerator Group
This small group (two members — Leader, Mr D. D. Cohen) was again

responsible for providing assistance for visitors using any one of the three particle
accelerators at Lucas Heights, and for developing the experimental equipment
required for the wide variety of projects undertaken in 1978-79. The group co-
operated with Commission staff in operations with the Commission's 3 MeV proton
accelerator and its 1.3 MeV electron machine. The AINSE members were
responsible also for all matters relating to the use of the 600 keV pulsed electron
accelerator installed at Lucas Heights by AINSE for use by visiting scientists.

Research areas again included neutron physics, radiation chemistry, radiation
damage studies, and the use of nuclear techniques of analysis (such as P1XE —
proton induced X-ray emission) in archaeology, agriculture, mineralogy, com-
munications engineering, etc. Expenditure during 1978-79 was of the order of
$40,000 on AINSE equipment associated with these accelerator based activities.
Cumulative AINSE investment in this equipment is now more than $250,000.

Other AINSE Operations
Through 1978-79, the Institute continued a wide variety of other operations

relating to the use of the facilities at the AAEC Research Establishment, Lucas
Heights, and the support of research and training activities involving co-operation
with the Commission. These included the organisation of informal seminars on a
variety of topics as needs and opportunities arose, and the circulation of information
(reports, papers, theses, etc.) arising from projects in which AINSE and its member
organisations were involved. AINSE also continued to arrange provision of small
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quantities of heavy water required by academic organisations for use in research
(e.g., in 1978 some 47 orders were dispensed totalling 30,707 g of heavy water).

AINSE Submission to NERDDC

In April 1979, AINSE made a submission to the Committee of the National
Energy Research, Development and Demonstration Council (NERDDC),
reviewing the research and development activities of the Commission's Research
Establishment. This submission followed discussions with Mr J. B. Kirkwood,
Chairman of NERDDC, and drew attention to the role and function of AINSE
in the context of possible changes arising from the review. It emphasised the value
which the universities place upon maintaining Lucas Heights as a centre of
excellence in research related to nuclear science and engineering involving academic
institutions in the solution of problems associated with nuclear energy (fission
and fusion) and extending the application of nuclear techniques in other fields.
The submission also drew attention to the importance to Australia of continuing
to provide at Lucas Heights the major facilities necessary for this purpose, available
both for research and for the training of scientists and engineers. The Institute
indicated also that, in addition to mainta ining its special role in nuclear science
and engineering, it would be prepared to accept responsibility for arranging access
for visiting research workers to any existing or future facilities at Lucas Heights,
for research and training in all areas, including fields not related to nuclear science
and engineering, provided the necessary funds were made available. Additionally,
AINSE advised that, if given the necessary resources, it could provide and operate
at Lucas Heights (with the co-operation of the Research Establishment) such
centralised AINSE research facilities as might be appropriate for use by research
workers from any research organisation in Australia. In conclusion, the submission
requested that, in connection with possible changes in legislation arising from the
review, consideration be given to the legislative basis under which AINSE operated,
and to the possibility of the Institute modifying its present objectives.

AUSTRALIAN SCHOOL OF NUCLEAR TECHNOLOGY
The Australian School of Nuclear Technology, located at Lucas Heights, is a

joint enterprise of the Commission and the University of New South Wales.
Lectures during the year were given mainly by Commission staff. Additional
lectures were given by staff of the University of New South Wales and the Royal
Prince Alfred Hospital. A few lectures on specialised topics were given b> Com-
monwealth Scientific and Industrial Research Organisation (CSIRO) members.

A Radioisotope Course for Graduates was held from 17 July to 11 August
1978. This course involved 45 hours of lectures and 60 hours of practical work.

A Radionuclides in Medicine Course was held from 6 November to 1
December 1978. The course involved 46 hours of lectures and 50 hours of practical
work. Seven of the practical sessions weie held at the Prince of Wales Hospital,
the Royal Prince Alfred Hospital, St George Hospital and the Liverpool District
Hnpital.

A Radioisotope Course for Non-Graduates was held from 5 March to 30
March 1979. This course involved 30 hours of lectures and 60 hours of practicals.

A Radiation Protection Course was held from 28 May to 22 June 1979. This
course involved 50 hours of lectures and 54 hours of practicals.
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The total number of persons attending courses during the year was 55. There
were 20 participants from abroad including 13 Colombo Plan Fellows, four special
Commonwealth African Assistance Plan Fellows, and one sponsored by the Inter-
national Atomic Energy Agency. Participants from abroad came from Barbados,
Indonesia, Jamaica, Lesotho, Malaysia, Nigeria, Papua-New Guinea and the
Philippines.

AUSTRALIAN INSTITUTE OF NUCLEAR AND
RADIATION MEDICINE

Over the past 20 years, the Commission has been involved in the medical use
of radioisotopes, because of its role in the production and distribution of these
materials and because of its increasing contribution to associated research.

In December 1978, the Commission requested the establishment of an Advisory
Committee to explore the possible formation of an Australian Institute of Nuclear
and Radiation Medicine with the overall aim of providing a body of interaction
between various parties with interests in these fields.

The Terms of Reference of the Committee were:
• To examine whether an Australian Institute be established for research into

the radiobiological effects of nuclear radiations on humans and on the
therapeutic use of radiation, and of radiopharmaceuticais, radiochemicals
and radiobiologicals, both in vitro and in vivo.

• To consider whether such an Institute should be a joint venture of the
Australian Atomic Energy Commission and the universities whereby the
Institute acts as a liaison body between the Commission and the universities'
medical faculties and their teaching hospitals to assist the effective employment
of specialised resources of the Commission and the universities.

• To consider whether the Institute should arrange for the training of scientific
and medical research workers and whether it should establish studentships
and fellowships in the fields of nuclear and radiation medicine.

• To suggest a model for the Institute, including its management, stalling,
location, facilities and financial support, and to recommend a program of
action for its establishment.

• To report its conclusions and recommendations for submission through the
Australian Atomic Energy Commission to the Committee of the National
Energy Research, Development and Demonstration Council by 1 May 1979.
The Advisory Committee prepared a report and made several recommenda-

tions which were submitted in accordance with its Terms of Reference.

APPRENTICE TRAINING
The Commission has excellent facilities at its Research Establishment to train

a total of 38 apprentices at any one time. Since 1960, 97 apprenticeships have
been offered, 80 have been completed, 16 terminated before completion, and one
apprentice is still in training. From the 80 completed apprenticeships, 37 left to
enter private industry as tradesmen, J3 undertook further technical studies and
progressed into drafting and technical grades, and 30 remained in the trades
structure.
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When the apprentice training scheme was reintroduced in 1979, 302 applica-
tions were received for the 20 vacant positions in eight trade categories. These
are Fitter and Machinist, Sheetmetal Worker, Carpenter and Joiner, Electrical
Fitter Mechanic, Motor Mechanic, Plumber, Painter and Decorator, and Printer.
All positions have been filled.

Research Establishment training of high-level tradesmen is beneficial to both
industry and the Commission and full utilisation of these facilities is in the national
interest.

FINANCE

As required by Section 31 of the Atomic Energy Act 1953, the financial
statements for the year ended 30 June 1979 arc annexed as Appendix A and
the Report of the Auditor-General is included as Appendix B.

The financial statements comprise a Statement of Assets and Liabilities as at
30 June 1979, a Statement of Receipts and Payments for the year ended 30 June
1979 and Notes to and forming part of the Statements.

Total Assets at $79,775,855, less total liabilities at $6,398,267, provide a
surplus of $73,377,588.

Parliamentary Appropriations for operating expenses were $22,900,000, an
increase of 6.05 per cent ($1,307,000) over the previous year. Appropriations for
capital expenditure for administration and research increased by 18.23 per cent
($206,000), while Appropriation for the purposes of the Ngalia Basin Joint Venture
was reduced from $130,000 to $5,000 by reason of the venture being on a care
and maintenance basis. An initial Appropriation was made to meet the Com-
mission's initial contribution to the Ranger Joint Venture. Future commitments
will be met from borrowings by the Commission.

Receipts from Isotope Operations were consistent with the previous year.
Miscellaneous income rose by $334,205 by reason of the sale of freehold
properties and demountable houses previously acquired in the Northern Territory
for the purposes of the Commission's uranium exploration program which has
been terminated.

Administration expenditure increased by 3.53 per cent ($44,434), the increase
in Salaries (3.78 per cent) being offset by a reduction in General Expenses of
1.95 per cent ($5,870), while expenditure on Information Services increased by
31.08 per cent ($15,695) due to increased public demand for publications
dealing with uranium and the nuclear fuel cycle.

The distribution of expenditure on research was consistent with previous
years. In total, it increased by 6.95 per cent ($1,440,000). Salaries increased by
4.97 per cent ($784,453), the cost of National Wage Case Decisions being offset
by a reduction in staff numbers.

General Expenses exceeded the estimate by $7,979 mainly because <:.'' the
increased cost of Library Supplies and, to a lesser extent, to increased costs of
overseas air fares. Water Supply charges were slightly in excess of the estimate
because of new valuations affecting the years 1977-78 and 1978-79 but these were
offset by underexpenditure in Light and Power and purchase of heating oil. The
net result was an underexpcnditurc of $6,276.
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Reactor supplies and special nuclear materials were $47,537 below the
estimate. The cost of HIFAR fuel elements was $57,980 above estimate due to
escalation of fuel fabrication charges and increased freight charges from the
United Kingdom, but was more than offset by credits from Sales of Heavy Water to
Australian Universities, delay in despatching an expensive special nuclear material
from the United Kingdom, and by a reduction in the cost of imported radioisotopes
resulting from the delay in introducing a new radiopharmaceutical product to
the Australian market.

Maintenance and external contracts was $62,175 above estimate. Building
and equipment maintenance was $60,083 above estimate, Design and Development
contracts $22,787 above estimate, whilst a saving of $25,011 occurred against the
provision for period contracts for workshop, drafting, wiring and microfiche
services.

External research and training amounted to $595,081 (1977-78, $523,687)
and Computer hire increased to $483,233 (1977-78, $465,000).

Regulatory and External Relations expenditure decreased by 2.13 per cent
($19,301). Salaries were lower by $21,974, the increased cost of National Wage
Decisions being offset by reduced staff numbers and the reimbursement received
for the salary of an officer transferred as Supervising Scientist for the Alligator
Rivers Region. General Expenses increased by only $2,673 because expenditure in
1977-78 was abnormal due to a lump sum workers compensation determination
of $25,000.

Uranium Branch objectives and effort continued at levels consistent with
1977-78. The increase in Salaries, 5.21 per cent ($21,415) and in General
Expenses, 6.86 per cent ($6,350) reflected an overall saving of $11,800 on the
approved estimate.

Canteen and Welfare operations continued as in previous years. Details of
the Welfare operations appear in the statements for the first time as explained in
Note 13 to the Statements. Turnovers in both cases, after allowing for escalation,
were consistent with previous years but economies in operations reduced Canteen
salaries by 10.32 per cent ($12,453).

Capital expenditure comprising building works at the Research Establishment
and plant and equipment at both the Head Office and the Research Establishment
increased in total by 17.07 per cent ($198,108) in accordance with the approved
estimates. An underexpenditure in the building program of $24,639 resulting from
the delay with certain sewerage works was applied towards the purchase of
additional plant and equipment.
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Appendix A—Financial Statements

^

AUSTRALIAN ATOMIC ENERGY COMMISSION

STATEMENT OF ASSETS AND LIABILITIES AS AT 30 JUNE 1979

CURRENT ASSETS
Cash at bank and in hand
Cash at bank, trust moneys
Accounts receivable
Stock on hand
Prepayments

LESS CURRENT LIABILITIES
Accounts payable
Moneys held in trust
Accrued charges
Provision for long service leave
Provision for recreation leave

Net Current Assets

NON-CURRENT ASSETS
Land
Buildings
Plant and equipment
Reactor HIFAR
Library and films

INVESTMENTS
Ngalia Basin Joint Venture
Ranger Joint Venture
Mary Kathleen Uranium Ltd

LESS NON-CURRENT LIABILITIES
Provision for long service leave

Note

1&2
3
4
5

6
1

9
10
H

EXCESS OF ASSETS OVER LIABILITIES

1979
$

236,456
16,551

567,899
5,711,089

11,255

6,543,250

410,156
16,551

561,601
317,080

1,178,410

2,483,798

4,059,452

108,409
24,850,773
14,838,739
2,855,615
4,925,455

47,578,991

432,588
17,047,168
8,173,858

25,653,614

3,914,469

73,377,588
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STATEMENT OF RECEIPTS AND PAYMENTS FOR YEAR ENDED 30 JUNE 1979

Note 1979 1978
$ $ $

Funds on hand 1 July
(a) Moneys held in trust 3 6,187 37,455
(b) Cash at bank and in hand 1&2 17,638 38,300
(c) Recoverable advances 4 47,489 27,063

71,314 102,818

RECEIPTS
Parliamentary Appropriations

(a) Operating 22,900,000 21,593,000
(b) Capital —

(i) Administration and research 1,336,000 1,130,000
(i i) Ngalia Basin Joint Venture 9 5,000 130,000

(c) Ranger Joint Venture 10 17,047,168 —

41,288,168 22,853,000

Other Receipts —
Isotope operations 1,453,124 1,495,733
Miscellaneous 12 669,943 335,738

2,123,067 1,831,471

Canteen Operations —
Sales 457,098 429,065
Other receipts 4,265 2,081

461,363 431,146

Welfare Operations — 13
Sales 291,793 252,872
Other receipts 1,603 4,370

293,396 257,242

Moneys received in trust 3 33,097 46,790

TOTAL 44,270,405 25,522,467
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Note 1979 1978
$ $ $

PAYMENTS
Operating
Administration —

Salaries and payments in the nature of salary 914,816 880,207
General expenses 295,203 301,073
Information services 50,580 34,885

1,260,599 1,216,165

Research —
Salaries and payments in the nature of salary 16,564,670 15,780,217
General expenses 697,979 611,762
Power, water and heating 539,724 467,769
Reactor supplies and special nuclear

materials 898,463 689,256
Stores 1,685,215 1,596,800
Maintenance and external contracts 14 1,760,175 1,560,422

22,146,226 20,706,226

Regulatory and External Relations — 15
Salaries and payments in the nature of salary 781,352 803,326
General expenses 105,066 102,393

886,418 905,719

Uranium Exploration and Development —
Salaries and payments in the nature of salary 432,248 410,833
General expenses 98,952 92,602

531,200 503,435

Canteen Operations —
Salaries 108,170 120,623

• Purchases 327,755 306,703
General expenses 784 1,133

436,709 428,459

Welfare Operations— 13
Salaries 10,643 10,827
Purchases 274,163 238,695
General expenses 1,862 2,606

286,668 252,128

Payments from moneys held in trust 3 22,733 78,058

Total Operating Payments 25,570,553 24,090,190
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Note 1979 1978
$ $ $

Capital
Administration and Research —

Administrative buildings and equipment .... 29,184 4,656
Research sites and establishments 1 569,659 456,343
Research plant and equipment 760,264 700,000

1,359,107 1,160,999

Contributions to Ngalia Basin Joint Venture
expenses 9 1,408 89,832

Contributions to Ranger Joint Venture
expenses 10 17,047,168 —

Total Capital Payments 18,407,683 1,250,831

Total Operating and Capital Payments 43,978,236 25,341,021

Unexpended Parliamentary Appropriations
repaid — 110,132

Funds on hand 30 June
(a) Moneys held in trust 3 16,551 6,187
(b) Cash at bank and in hand 1&2 230,936 17,638
(c) Recoverable advances 4 44,682 47,489

292,169 71,314

TOTAL 44,270,405 25,522,467
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NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS

1. Statement of Accounting Policies
The following matters have influenced the preparation of accounts for the

financial year ended 30 June 1979.

(a) Against a background of changing accounting standards and a movement
towards more informative financial reporting the Commission's accounts in future
years will be prepared on an accrual basis. To facilitate this change a Statement
of Assets and Liabilities at 30 June 1979 has been prepared and forms part of
the Commission's Accounts for 1978-79.

(b) Following receipt of an opinion from the Attorney-General, reference
to which was included as Note 10 to the 1977-78 Financial Accounts, the trading
activities of the AAEC Welfare Account are included for the first time in the
Commission's Statement of Receipts and Payments (Note 13 refers). The inclusion
of Welfare Operations causes the following variations to figures disclosed in the
1977-78 Financial Accounts.

(i) The item Cash at bank and in hand has been recast to include Welfare
Account Cash at bank and in 'hand (Note 2 refers).

(ii) Repayment of Advance from Welfare Account $15,000 — this trans-
action is in effect a transfer within the Commission and is eliminated
with the consolidation of Welfare and other Commission accounts.

(ii i) Capital expenditure from Welfare funds was effected in 1977-78. The
amount involved was $30,999 (1978-79 $19,543) and has been added
to the item Capital: Administration and Research — Research sites
and establishments.

(c) In previous years it has been Commission policy to refund drawn but
unspent balances of Parliamentary Appropriation immediately prior to the close
of the financial year. This practice was varied at 30 June 1979 and unspent
balances carried forward as Cash at bank (Note 2 refers).

In preparing the Statement of Assets and Liabilities expenditure relative to
the development and registration of patents has not been included. The Com-
mission has 29 registered patents the maintenance cost of which to 30 June
1979 was $141,097. Given the current rate of technological change and the
commercial uncertainty of a large number of patents this item cannot be regarded
as having a commercial value and is not included in the Statement of Assets
and Liabilities.

The Australian Atomic Energy Commission and the University of New South
Wales are involved in a joint enterprise known as the Australian School of
Nuclear Technology, details of which are not included in these accounts. The
objects of the School are to promote, within the policies and budget approved
by the Commission and the University of New South Wales, the formal training
of personnel in the field of atomic energy. Both parties provide assistance to the
School at no charge and the Commission makes available executive personnel for
the administration of the School on this basis.
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2. Cash at bank and in hand

The item Cash at bank and in hand has been recast to include Cash at
bank for the Australian Atomic Energy Commission Welfare Account (Notes
1 and J3 refer) and the Australian Atomic Energy Commission account with
the Reserve Bank of Australia, Sydney.

Details of the various components are as follows:

1.7.77 30.6.78/1.7.78 30.6.79
$ $ $

Cash in hand 5,929 8,466 8,576

Cash at bank

Australian Atomic Energy Commis-
sion account Nil Nil 201,459

Canteen Account (6,870) (19,183) 5,411

Welfare Account 39,241 28,355 15,490

38,300 17,638 230,936

Cash at bank and in hand 30 June 1979 230,936

Add postage stamps and franking machine balance 30 June 1979 5,520

236,456

3. Moneys held in trust

The main requirement for this item is for the receipt and control of money
received as security deposit from contractors pending satisfactory performance
of a contractual liability. Security deposits at 30 June 1979 totalled $11,519
(1978 $6,085). The other major component at 30 June 1979 relates to registration
fees received in advance for a Seminar to be held in September 1979 for which
the Commission is a joint sponsor.

4. Accounts receivable

The major component of this item is sundry debtors arising from the sale
cf radiopharmaceuticals. The item Recoverable advances which appears in the
Statement of Receipts and Payments represents amounts owing to the Commission
by other organisations in respect of expenditure incurred on their behalf on a
cost recovery basis. The amount of $44,682 is included in the amount of $567,899
in the Statement of Assets and Liabilities. The Statement of Receipts and Payments
does not disclose total receipts and payments of a recoverable nature.

The Commission has had favourable experience in relation to the recovery
of moneys due and little cause to consider debts for write-off. The bulk of
Commission debtors are public hospitals, medical practitioners, major companies,
government departments and authorities and a provision for doubtful debts is
considered to be unnecessary.
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5. Stock on hand

The components of this item and the basis of valuation are:

$ $
Stores stock on hand, valued on the basis of the most

recent purchase price 1,185,269

Nuclear materials
At cost

HIFAR fuel elements, Heavy water, and Degraded
heavy water 1,986,331

At market value 30.6.79

Enriched uranium, Natural uranium. Cobalt 60 and
Other 2,444,587 4,430,918

Pitchblende ore, at cost 9,636

Work in progress being the cost to date of work under-
taken on behalf of outside organisations 42,157

Trading stock on hand

Canteen, valued on the basis of the most recent
purchase price 31,351

Welfare, at cost 11,758 43,109

5,711,089

In addition to the Stores stock disclosed, there is a quantity of miscellaneous
items which have been previously purchased for direct use and for varying reasons
have been returned from projects or are slow moving items which have been
removed from inventory control. To a large extent these are obsolete materials
which will be submitted for disposal during 1979-80. It was not possible to count
and value these for the purposes of this Statement of Assets and Liabilities.

6. Provision for long service leave

A provision has been made for the first time in the Commission's accounts
for the liability for long service leave. Entitlements arising from the application
of the provisions of the Long Service Leave (Commonwealth Employees) Act
1976 have been calculated at the appropriate salary rate payable as at 30 June
1979. Service for the purpose of the liability is 10 years service with the Com-
mission and, where applicable, any prior service which is regarded as Common-
wealth employment. The current liability provision has been calculated on the
basis of payments due.to staff who have expressed the intention to avail themselves
of the whole or part of their entitlement in the 1979-80 financial year and
those staff who are likely to retire (maximum age, voluntary early or invalidity
retirement) or resign during this period.
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7. Provision for recreation leave

The provision for recreation leave and recreation leave loading has been
calculated on the basis of actual entitlements at 1 January 1979, adjusted for
leave applications between January and June 1979 and costed at salary levels at
30 June 1979.

8. Non-current assets

Land is disclosed at cost. Library and films, which is disclosed at current
replacement cost has not been depreciated. The other non-current assets have
been depreciated on the basis of their cost at 30 June 1978 and estimated useful
life from 1 July 1978. No account for depreciation purposes has been taken
of current year purchases.

The following table sets out the depreciation provision:

Estimated
Asset Cost Cost Useful life Depreciation

30.6.79 30.6.78 from 1.7.78 Rate Amount
$ $ years . % $

Buildings 25,472,399
Less
Additions
1978-79 607,375 24,865,024 40 2.50 621,626

Plant and
Equipment 16,397,124
Less
Purchases
1978-79 813,279 15,583,845 10 10.00 1,558,385

Reactor
HIFAR 3,045,989 3,045,989 16 6.25 190,374

There are in excess of 14,000 items of plant and equipment in existence at
30 June 1979. For the purposes of the preparation of this first Statement of
Assets and Liabilities it has not been possible to examine each item with a view
to establishing different categories of estimated useful life and the development
of an appropriate depreciation program. An estimated life of 10 years from 30
June 1978 has therefore been established as a mean estimate of the variable
useful life of all plant and equipment. It is intended to establish for 1979-80
a plant and equipment depreciation program which will calculate the provisions
based on the estimated useful life of the assets.

9. Ngalia Basin Joint Venture

The program for the Ngalia Basin Exploration Joint Venture, to which the
Commission is a party, was restricted during 1978-79 to care and maintenance
only. The Commission contributed $1,408 during the year bringing total contribution
at 30 June 1979 to $432,588. The Commission's beneficial interest remained
unchanged at 10.7%. Following final consent on 22 August 1978 from the
Northern Territory Administrator in an assignment dated 1 January 1978
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Urangesellschaft mbH & Co. KG assigned its interest to Urangescllschaft Australia
Pty Ltd. The joint venturers as at 30 June 1979 are the Australian Atomic
Energy Commission, Agip Nucleare Australia Pty Ltd, Central Pacific Minerals
NL and Urangesellschaft Australia Pty Ltd.

In previous years funds appropriated to meet Commission obligations in
connection with the Ngalia Basin Joint Venture were disclosed under the broad
heading Uranium exploration and development. With the introduction of the
Ranger Joint Venture which also fits this broad heading the more meaningful
item name, Ngalia Basin Joint Venture is appropriate.

10. Ranger Joint Venture

Following conclusion of an agreement between the Commonwealth of
Australia, Peko-Wallsend Operations Ltd, Electrolytic Zinc Company of Aus-
tralasia Limited and the Australian Atomic Energy Commission, the Commission
commenced to contribute towards capital expenditure of the Ranger Joint Venture.
The agreement requires the Australian Atomic Energy Commission to contribute
72.5 per cent and Peko-Wallsend Operations Ltd and Electrolytic Zinc Company
of Australasia Limited 13.75 per cent each towards project capital expenditure.

An estimated expenditure of $44 million was anticipated for the year and
$20 million was appropriated by Parliament through the Department of Trade
and Resources, to enable the Commission to meet its initial obligations, pending
the development of a borrowing program, through which further obligations would
be met. A total expenditure of $17,047,168 was effected during the year from
appropriated funds of which $543,750 was paid to the Commonwealth as the
Australian Atomic Energy Commission contribution towards the amount payable by
the Commonwealth to the Northern Land Council and $16,503,418 as contributions
towards the capital costs of the project. A borrowing program was not required
during the year.

11. Mary Kathleen Uranium Ltd

Under the terms of the underwriting agreement with Mary Kathleen Uranium
Ltd dated 4 October 1974 the Commission acquired 30,764,142 shares of a
new issue undersubscribed by the existing shareholders. These shares are now fully
paid to 25 cents. The acquisition was financed by an overdraft with the Reserve
Bank of Australia, the interest cost of which to the date of discharge, 7 June
1976, was $691,193. The asset is disclosed at the net cost to the Commission
after deducting the underwriting commission of $208,371 because the size of the
respective holdings of both Conzinc Riotinto of Australia Limited and the Com-
mission tend to make the market value uncertain.

12. Other Receipts — Miscellaneous

The major items included under this heading arc:

(a) Proceeds from the sale of surplus property $503,510

(b) Hire of equipment and services $166,433

The item Proceeds from sale of surplus property includes $464,316 (1977-
78 $66,329) received as a result of the disposal of the remaining real property
in the Northern Territory previously purchased for the Commission's uranium
exploration activities.
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13. Welfare Operations

A Welfare Fund was established in 1960 by decision of the Commission for
the following purposes:

(a) to provide a source of funds for the provision of staff amenities at the
Research Establishment, Lucas Heights, such amenities not then being
readily available due to the isolated location of that establishment; and

(b) to facilitate the provision of funds over which the Commission main-
tains administrative control through senior Commission management.

In previous years it was the Commission's view that the Welfare Fund was
an entity separate to the Commission and hence details of its receipts and payments
were not included in the financial accounts of the Commission.

The main income generating activity of the Welfare Fund is the sale of
petrol to staff at a discount on normal retail prices with a small resulting profit
being used for the acquisition of staff amenities at the Research Establishment.

14. Maintenance and external contracts

This item includes: $ $

Maintenance of grounds and buildings 163,272
Computer hire 483,233
Service agreements, period contracts and design

and development contracts 518,588
Grants in aid of research

Australian Institute of Nuclear Science and
Engineering
Membership subscription 125,000
Contribution to research and training 300,000

425,000
Australian universities 120,118
Australian Mineral Development Laboratories 49,964 595,082

15. Australian Safeguards Office

The Australian Safeguards Office, although functionally separate from the
Australian Atomic Energy Commission, was during 1978-79 funded through Aus-
tralian Atomic Energy Commission parliamentary appropriation pending formal
transfer to the Department of National Development. Expenditure in the nature
of salaries $88,981 and general expenses $19,852 for the Office is included in
Regulatory and External Relations Branch expenditure.

D. W. GEORGE A. J. MOULDING
Chairman Assistant Secretary (Finance)

Australian Atomic Energy Commission Australian Atomic Energy Commission
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Appendix B — Auditor-General's Report, Commonwealth of Australia

^

Auditor-General's Office
Canberra House, Marcus Clarke St,

Canberra City, A.C.T. 2601
29 October 1979

The Honourable the Minister
for National Development,

Parliament House,
CANBERRA, A.C.T. 2600

Dear Sir,

AUSTRALIAN ATOMIC ENERGY COMMISSION

In compliance with section 31(2) of the Atomic Energy Act 1953, the
Commission has submitted the following financial statements for my Report:

• Statement of Receipts and Payments for year ended 30 June 1979; and

• Statement of Assets and Liabilities as at 30 June 1979.

A copy of the statements which are in the form approved under section 31(1)
of the Act, together with Notes to, and forming part of, the financial statements,
are attached for your information.

I now report in terms of section 31(2) of the Act that the statements are
in agreement with the accounts and records and in my opinion —

• the statements are based on proper accounts and records; and

• the receipt, expenditure and investment of moneys, and the acquisition
and disposal of assets, by the Commission during the year have been
in accordance with the Act except to the extent that moneys were expended
by the Commission prior to 12 October 1978 without approval of the
estimates of expenditure by the Minister for Finance as required by section
26(2) of the Act.

Yours faithfully,
(D. R. STEELE CRAIK)
AUDITOR-GENERAL
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Appendix C — Organisation of Commission at 30 June 1979

^

HEAD OFFICE

General Manager: K. F. Alder, M.Sc., F.T.S., F.I.M., F.A.I.M.

Chief Executive (Uranium): A. D. Thomas, M.Sc., M.Inst.P., M.A.T.P.
Chief, Production Division: R. K. Warner, B.Sc.(Hons.), Ph.D., A.R.A.C.L

Chief Scientist (Nuclear Fuel Cycle): C. J. Hardy, B.Sc.(Hons.), Ph.D., D.Sc., C.Chem.,
F.R.I.C., M.Aus.I.M.M.

Head, Nuclear Fuel Cycle Assessment and Planning Unit: W. J. Wright, M.Sc., F.T.M.
Head, Uranium Resources Evaluation Unit: G. C. Battey, B.Sc., M.Aus.I.M.M.

Chief Scientist (Power and Energy): J. L. Symonds, B.Sc.(Hons.), Ph.D., F.Inst.P., F.A.I.P.
Manager, Power and Energy Assessment and Planning Unit: F. H. Carr, M.E., F.A.I.E.,

M.I.E.Aust.

Assistant to General Manager: W. E. T. Cawsey, B.E., D.C.Ae., A.M.T.E.Aust., A.F.A.I.M.

ADMINISTRATION BRANCH

Secretary and Head of Branch: W. B. Lynch, B.A.
Acting Assistant Secretary (Manpower): R. J. Waddell, M.R.I.P.A., M.I.P.M.A.

Assistant Secretary (Finance): A. J. Moulding, A.A.S.A., A.C.I.S.
Director, Public Relations: E. A. Lane

Director, Legal Services: A. Walker, B.A., LL.B.
Acting Director, Organisation and Methods: A. M. Vernon, B.A., A.A.I.M.

Chief Auditor: E. N. Brunker, A.A.S.A.(S.), A.C.I.S.
Director, Commission Security: A. J. George

REGULATORY AND EXTERNAL RELATIONS BRANCH

Acting Head of Branch: W. B. Rotsey, B.Met., Ph.D.
Acting Director, External Relations Office: J. J. Humphreys, B.E., A.S.T.C., C.Eng".,

M.I.E.E.(Lond.)
Licensing and Regulatory Bureau

Director, Nuclear Plant Safety Unit: D. W. Crancher, M.Sc., M.I.Mech.E.
Acting Director, Environment and Public Health Unit: I. E. Cook, B.Sc.(Hons.)

Overseas Representatives

Counsellor (Atomic Energy), Washington:
R. J. Knight, M.Sc., Ph.D.

Counsellor (Atomic Energy), London:
R. Smith, B.Met.E.(Hons.), M.Eng.Sc., Ph.D.

Counsellor (Atomic Energy), Tokyo:
R. C. P. Cairns, B.Sc.(Hons), Ph.D., D.Sc., A.S.T.C., C.Eng., F.I.Chem.E., F.I.E.Aust.

Counsellor (Atomic Energy), Vienna:
N. R. McDonald, B.Sc.(Hons.), Ph.D., C.Eng., M.I.M., A.M.Aus.I.M.M. • -
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RESEARCH ESTABLISHMENT
Director: Emeritus Professor S. T. Butler, M.Sc., Ph.D., D.Sc., F.A.I.P., F.A.A.,

F.A.A.F.S.
Deputy Director, Operations: G. L. Miles, B.A., M.Sc., Ph.D., F.R.A.C.T., M.A.I.P.

Deputy Director, Research: J. N. Gregory, M.Sc., D.Sc., F.R.A.C.I.
Chief Scientist, Scientific Sen-ices: D. G. Walker, M.Sc., Ph.D., A.R.A.C.I., A.M.Aus.I.M.M.

Applied Mathematics and Computing Division
Chief of Division: D. J. Richardson, B.A.(Hons.), B.Sc., Ph.D., F.A.C.S.

Leader, Computing Svstems Section: P. L. Sanger, B.Sc.(Hons-), Ph.D., M.A.C.S.,
M.A.C.M., M.A.I.P.

Leader, Scientific Computing Section: J. P. Pollard, Dip.Appl.Chem., M.Sc., Ph.D., M.A.C.S.

Centrifuge Enrichment Project Division
Chief of Division: D. R. Ebeling, B.Mech.E.(Hons-), M.E., C.Eng., M.LMech.E.,

M.l.E.Aust.
Leader, Centrifuge Unit Development Section:

J. Price, B.Sc.(Hons.), Dip.Eng., C.Eng., M.I.Mech.E., M.l.E.Aust., A.F.A.I.M.
Leader, Cascade Development Section: K. S. Turner, A.S.T.C., M.Sc., M.I.Chem.E.

Lender, Separation Performance Section:
D. J. Mercer, B.E. Mech.(Hons.), M.Eng.Sci.(Nuc.), M.l.E.Aust.

Chemical Technology Division
Chief of Division: P. G. Alfredson, B.Sc.App.(Hons.), B.E.(Hons.), M.Sc., Ph.D.,

C.Eng., F.I.Chem.E., F.l.E.Aust., F.A.I.E.
Leader, Analytical Chemistry Section: T. M. Florence, A.S.T.C., M.Sc., D.Sc., A.R.A.C.T.

Leader, Chemical Engineering Section: D. M. Levins, B.E.(Hons.), Ph.D., C.Eng.,
M.I.Chem.E.

Leader, Chemical Physics Section: J. W. Kelly, M.Sc., Ph.D., M.A.T.P.
Leader, Physical Chemistry Section: R. N. Whittem, B.Sc.(Hons-), A.R.A.C.T.

Engineering Research Division
Chief of Division: G. W. K. Ford, M.B.E., M.A.fCantab.), M.I.Mech.E.

Leader, Heat Transfer Section: K. R. Lawther, B.Sc., B.E., Ph.D., C.Eng.. M.I.Chem.E.
Leader, Heat Technology Section: I. F. Mayer, B.Sc., B.E.(Hons.), M.A.I.P., M.Inst.P.,

C.Eng., A.F.R.Ae.Sc.
Leader, Thcrmoliydratilics Section: i. Marshall, B.Sc.(Hons.), M.E., M.l.E.Aust.
Leader, Applied Mechanics Section: R. W. Harris, B.Sc.(Hons.), M.Sc., Ph.D.,

M.I.R.E.E.(Aust.), M.A.I.P.
Leader, Risk Analysis: A. Bicevskis, M.Eng.Sc., Dipl.-Ing., F.l.E.Aust., F.A.I.E.,

M.A.N.S., M.B.N.E.S.
Leader, Thermodynamics: G. A. Tingate, B.Mech.E.(Hons.), M.I.Mech.E., M.l.E.Aust.

Environmental Science Division
Acting Chief of Division: D. R. Davy, B.Sc.(Hons.), Dip.Environ.Stud.
Leader, Physics of Environment Section: A. I. M. Ritchie, B.Sc., Ph.D.

Leader, Environmental Chemistrv Section: J. V. Evans, B.Sc.(Hons-), Ph.D.,
C.Chem., M.R.l.C.

Acting Leader, Environmental Biology Section: M. C. E. Peterson, B.Sc.(Hons.),
Ph.D., M.A.I.P.

Leader, Radiation Biology Section: J. K. Brown, B.Sc., M.Sc.

Instrumentation and Control Division
Acting Chief of Division: A. J. Tavendale, M.Sc., Ph.D.

Leader, Applied Physics Section: A. J. Tavendale, M.Sc., Ph.D.
Leader, Control and Systems Studies Section: C. P. Gilbert, M.Sc., M.I.E.E.
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Isotope Division

Chief of Division: J. G. Clouston, M.Sc., Ph.D., A.S.T.C., D.I.C., F.A.I.P.
Assistant Chief of Division: U. Engelbert, Dr. Ing., F.I.M. (Lond.)

Acting Controller, Commercial Products Unit: K. W. Horlock, M.I.Mech.E.,
A.M.I.E.E., A.M.B.I.M.

Acting Leader, Medical Products Section: H. H. Brian, M.Sc., A.R.A.C.I.
Mannger, Technical Sales Section: W. A. Wiblin, B.Sc.

Leader, Radioisotopc Applications Research Section: J. S. Watt, M.Sc., F.A.I.P.,
A.M.Aus.I.M.M., F.T.S.

Leader, Irradiation Research and Technology Section: D. F. Sangslcr, B.Sc.(Hons.), F.R.A.C.I.
Leader, Radioactive Products Research Section: R. E. Boycl, B.Sc.(Hons.), A.M.C.T.,

M.A.C.P.S.M.

Materials Division

Chief of Division: P. M. Kelly, M.A., Ph.D., Sc.D., M.Inst.P., F.A.I.P.
Leader, Ceramics Section: K. D. Reeve, M.Sc., Ph.D., F.l.Ceram.
Leader, Materials Science Section: A. Jostsons, B.Sc.(Hons.), Ph.D.

Leader, Reactor Materials Section: K. U. Snowden, B.Sc., Ph.D., M.Inst.P., M.A.I.P.
Leader, Metallurgy and Assessment Section:

R. J. Hilditch, B.Tech., A.S.A.S.M., A.M.Aus.I.M.M.

Physics Division

Acting Chief of Division: 5. K. Parry, M.Sc., Ph.D.
Leader, Reactor Physics: D. B. McCulloch, B.Sc.(Hons.), F.A.I.P.

Leader, Neutron Physics: J. W. Bokleman, B.Sc., Ph.D.
Leader, Applications of Nuclear Techniques: ). R. Bird, M.Sc., Ph.D., F.A.T.P.

Leader, Reactor Safety: W. J. Turner, B.Sc.fHons.)
Leader, Atomic and Nuclear Data: J. L. Cook, M.Sc., Ph.D., F.A.I.P.

Leader, Fusion Physics: B. E. Clancy, M.Sc., Ph.D.

Operations Departments

Acting Controller, Administration: N. Carnegie
Assistant Controller, Finance and Administrative Services: T. F. Slade
Assistant Controller, Automatic Data Processing: R. Cubbin, M.A.C.S.

Personnel Officer: J. A. Gerrard
Controller, Safety: J. C. E. Button, B.Sc.(Hons.), F.Inst.P., F.A.I.P.

Acting Manager, Engineering Services and Operations: A. C. Higgins, C.Eng., F.I.Mech.E.
Controller, Reactors Department: A. C. Wood, B.Sc., F.I.E.Aust.

Acting Controller, Engineering Services Department: W. J. Turner, A.S.T.C., M.I.E.Aust.
Site Medical Officer: A. D. Tucker, M.B., B.S.

Controller, Site Information Services: K. H. Tale, B.Sc.. M.Aus.I.M.M.
Head Librarian: W. H. Neale, B.Sc.(Hons-), A.L.A.A.

Scientific Editor: Mrs M. E. Workman, B.A.(Hons.), Dip.Ed.
Manager, Commercial Applications: A. Walker, B.E., Grad.Dip., A.S.T.C., M.A.I.E.

Nuclear Materials Officer: K. J. Quealy, B.Sc.
Public Relations Officer (Research Establishment): D. Coleby, B.Sc.

Australian School of Nuclear Technology

Principal: D. A. Newmarch, B.Sc.(Hons.), B.A.(Hons.), M.R.I.P.
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Appendix D — AAEC Research and Assessment Programs

The main research and assessment programs in progress at 30 June 1979
are listed below.

Nuclear Fuel Cycle
1. Uranium Industry: Investigation and development of methods for processing Australian

ores to various end products, to improve uranium recovery, to reduce costs and
to prevent or minimise pollution of the environment; research on new and improved
methods of solidification and encapsulation of highly radioactive waste materials;
field studies and assessment of environmental problems particularly those arising from
uranium mining and milling; assessment and laboratory studies on waste-water treatment
in the nuclear industry.

2. Enrichment by the Centrifuge Process: Development of an independent centrifuge
technology for uranium enrichment including assessment studies and a laboratory
program to improve the design of individual centrifuge machines, and to test the
behaviour of centrifuges in cascade.

3. Enrichment by Novel Methods: Assessment and development of laser enrichment
through theoretical and experimental studies of laser technology and high resolution
spectroscopy of uranium compounds.

Energy Research and Assessment Studies
1. Energy Resources, Supply and Usage: Collection and assessment of energy data and

information on a world-wide basis with particular attention to Australia; studies of
historic and projected growth patterns including the effects of economic and technical
developments: examination of ecological and environmental impacts of energy util isation.

2. Fission Reactor Performance. Operation and Safety: Provision and maintenance of
a base of scientific and technical competence which can be applied to all aspects and
applications of nuclear fission reactors.

3. Controlled Thermonuclear Fusion Systems: Provision of a base of scientific expertise
in the fundamentals of fusion systems; study and review of overseas programs; develop-
ment of study and experimental programs in Australia.

4. Alternative Energy Systems: Preliminary studies and basic experiments directed towards
the exploitation of alternative energy sources.

Radioisotopes and Radiation Techniques
1. Radioisotope Applications: Development and application of radioisotope techniques

to hydrological and sediment dynamics, photography, gas and two-phase flow and
other industrial problems.

2. Radiation and other Techniques: Development of nuclear techniques of analysis and
their application to a wide range of industrial, medical, forensic and research uses;
development of X-ray, gamma and neutron radiography and spectrometry; application
of radiation to sterilisation, food preservation and industrial processing; development
of specialist techniques required for other research projects.

3. Radiation Detection and Measurement: Development of radiation detectors and dose-
meters; development of biological methods of close estimation.

Divisional Research
Divisional research includes basic research over a wide range of disciplines currently
in the following areas: Applied mathematics and computing; analytical and structural
chemistry; the application of radioisotopes in medicine and industry; the effects of nuclear
radiation on materials and organisms; electronic circuit and instrumentation development;
nuclear physics.

Scientific Services
This program provides a wide variety of scientific services via the research divisions in
support of each research program and a considerable range of consulting, testing, investigir,-
tional and analytical services to external organisations. It also includes support for the
operation of the reactor HI FAR and the various engineering and other technical services;
the production and distribution of radioisotopes for research, industrial and medical
use; maintenance of radionuclide activity standards, development of radioactive products
and nuclear measuring techniques; provision of nuclear materials control, waste manage-
ment, information, medical, safety and dosimetry services.
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Appendix E — AAEC Research Contracts
KXKvatmxaaasiauaaiaKBajxBssai^^

In 1978-79 the Commission awarded research contracts for the projects listed
below.

NEW CONTRACTS

University or Organisation
The Australian National University

Research School of Earth Sciences

Macquarie University
School of Mathematics and Physics

Commonwealth Scientific and Industrial
Research Organisation
Division of Environmental Mechanics

University of New South Wales
School of Textile Technology

The Australian Mineral Development
Laboratories

Project

The immobilisation of high level nuclear reactor
wastes in crystalline mineral phases ($21,400).

Development of tunable uv-vis lasers for laser
isotope separation ($4,000).

Infiltration measurements on White's overburden
heaps at Rum Jungle ($3,500).

The manufacture of carbon fibre ($2,250).

Concentration of radionuclides in uranium mill
tailings ($3,650).

Analyses of soil samples from White's overburden
heaps, Rum Jungle ($12.896).

EXTENDED CONTRACTS

The Flinders University of South
Australia
School of Physical Sciences

The Australian National University
Research School of Physical Sciences

The University of Sydney
School of Physics

University of New South Wales
School of Biological Technology

The Australian Mineral Development
Laboratories

Formation and properties of linear diffuse pinches
($33.040).

Studies of high temperature, magnetically con-
fined toroidal plasma ($31,896).

Stability of plasma in toroidal magnetic field con-
figurations ($3,750).

Microbial activities in overburden heaps and
opencuts ($20,112).

Development of prototype gamma resonance bulk
analyser ($25,000).

Commercial exploitation of radioisotopc research
($3,000).

Analyses of soil and plant ash samples ($4,474).

Analyses of coal samples for carbon and hydrogen
content, and for calorific value ($944).
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Appendix F — AINSE Grants for Research and Training

The Australian Institute of Nuclear Science and Engineering awarded AINSE
Grants in the 1979 Series in support of the 111 projects listed below. (Alloca-
tion of up to $219,000.) Titles of projects supported in 1978-79 under the
terms of AINSE Fellowships (8) and AINSE Studentships (6), are listed
separately.

AINSE GRANTS FOR 1979

James Cook University of North Queensland

1. Neutron capture gamma-ray studies. (Associate Professor R. B. Taylor, Physics, up to
$1,200.)

2. keV neutron capture gamma-ray studies. (Dr G. C. Hicks, Physics, up to $1,700.)
3. Studies on metal complexes of quadridcntnte ligands, (Dr L. F. Lindoy, Chemistry and

Biochemistry, up to $1,800.)
4. Homogeneous catalysis of the oxidation of simple organic molecules by metal centres.

(Dr F. R. Keane, Chemistry and Biochemistry, up to $900.)
5. Point defect-dislocation interaction in ionic crystals. (Dr G. A. Bielig, Physics, up to

$1,000.)

University of Queensland
1. Application of the k-epsilcn turbulence model to flow in the presence of turbulence

promoters. (Dr K. Bremhorst, Mechanical Engineering, up to $800.)
2. Human genetic disorders involving sensitivity to ionising radiation. (Dr M. F. Lavin,

Biochemistry, up to $2,200.)
3. Radiation effects on polymers and copolymers. (Dr J. H. O'Donnell, Chemistry, up to

$2,000.)
4. Radiation effects in models for polypeptides. (Dr D. J. T. Hill, Chemistry, up to $1,500.)
5. Neutron and X-ray scattering studies of crystalline solids near transition temperatures.

(Dr B. W. Lucas, Physics, up to $1,700.)
6. Structure analysis using neutron diffraction. (Dr C. H. L. Kennard, Chemistry, up to

$1,100.)
7. Nuclear techniques of analysis. (Dr C. H. L. Kennard, Chemistry, up to $1,000.)
8. Prompt gamma de-excitations from activated titanium. (Dr W. B. Lasich, Physics, up to

$600.)

Griffith University

1. Irradiation effects on structure of polypropylene. (Dr W. K. Busfield, Science, up to
$900.)

2. Radiation damage effects in the kinetics of dissolution of oxides. (Professor R. L. Scgall,
Dr R. StC. Smart, Mr P. Turner, Science, up to $1,100.)

3. Radiation damage in semiconductors. (Dr S. Myhra, Science, up to $5,000.)
4. The estimation of the areal variation in soil erosion intensity and the past and present

rates of soil erosion in the Darling Downs using 3;i7Cs and 210Pb. (Professor C. W. Rose,
Australian Environmental Studies-Physics, up to $1,000.)

University of New England

J. Multiphoton and high pressure plasma techniques for tunable VUV generation. (Professor
S. C. Haydon, Physics, up to $3,638.)

2. Oscillator strengths of highly excited state-., (Dr A. I. Mclntosh, Physics, up to $2,113.)
3. Rare earth element studies of the Nandewar volcano. (Dr J. D. Klecman, Geology, up to

$700.)
4. Tracing storm runoff flows. (Associate Professor G. A. Woolsey, Dr I. J. Jackson,

Geography, up to $700.)
5. Sediment movement by episodic events. (Associate Professor G. A. Woolsey, Dr I. J.

Jackson, Geography, up to $800.)
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University of Newcastle

1. Completion of the molecular structure determination of xanthorrhoeol. (Mr H. R. Tietze,
Chemistry, up to $700.)

2. Neutron and X-ray molecular structure determination of (N(CH;,)i)3 SbiClo detra-
methylammonium monachlorodiantimonate and other compounds. (Mr H. R. Tietze,
Chemistry, up to $1,000.)

3. Determination of rare ea_rth element contents of silicate rock and mineral specimens by
instrumental neutron activation analysis. (Dr J. A. Gamble, Geology, up to $700.)

4. Polarised neutron analysis of intermetallic compounds containing transition metals.
(Professor E. O. Hall, Dr J. D. Browne and Dr G. B. Johnston, Metallurgy, up to $700.)

5. Neutron spectroscopy of metal-hydrogen systems. (Associate Professor W. A. Dates,
Metallurgy, up to $1,900.)

6. Luders band propagation. (Professor E. O. Hall, Metallurgy, up to $400.)

University of Sydney

1. Laser separation of isotopes. (Dr L. F. Henderson, Mechanical Engineering, up to
$1,100.)

2. Fracture mechanics of epoxy resins. (Dr Y. W. Mai, Dr B. Cotterell, Mechanical
Engineering, up to $585.)

3. Far infra-red wave interactions in plasmas. (Dr L. C. Robinson. Plasma Physics, up to
$2,000.)

4. Wave propagation and heating in high temperature plasmas. (Associate Professor J. A.
Lehane, Plasma Physics, up to $21,600.)

University of New South Wales

1. Thermo-mechanical analysis of nuclear plant structures. (Associate Professor Z. J. Holy,
Nuclear Engineering, up to $1,200.)

2. Nuclear power plant safety and control investigations on the HI FAR reactor. (Mr L. G.
Kemeny, Nuclear Engineering, up to $6,225.)

3. Hybrid computer analysis of rotor bearing systems. (Dr E. J. Hahn, Mechanical and
Industrial Engineering, up to $2,500.)

4. Large scale structure in two phase flow. (Dr M. R. Davis, Fluid Mechanics and Thermo-
dynamics, up to $3,108.)

5. Reinforcement of nitrogen ceramics with ceramic fibres. (Associate Professor E. R.
McCartney, Ceramic Engineering, up to $2,100.)

6. The effects of neutron irradiation on the mechanical properties of alkali halide crystals.
(Associate Professor H. F. Pollard, Physics, up to $950.)

7. Radiation catalysis and studies in mass spectrometry related to radiation chemistry.
(Associate Professor J. L. Garnett, Chemistry, up to $2,700.)

8. Tritium-NMR studies of new tritium labelling techniques. (Dr M. A. Long, Nuclear
and Radiation Chemistry, up to $850.)

9. Neutron diffraction studies of biological membranes. (Dr C. T. Grainger, Dr V. J. James,
Physics, up to $200.)

10. The progressive breakdown of antiferromagnetism in 7-Mn with the addition of Cu.
(Dr S. J. Campbell, Physics, RMC Duntroon, up to $4,200.)

11. Magnetic spin structures of rare earth intermetallics. (Professor K. N. R. Taylor, Dr
A. M. Stewart, Physics, up to $1,300.)

12. Magnons in -y-Mn alloys. (Dr M. C. K. Wiltshire, Physics, ANU, Dr S. J. Campbell,
Physics, RMC, Duntroon, up to $1,000.)

Macquarie University

1. Radiolysis of polyunsaturated acids and esters. (Dr J. M. Gebicki, Biological Sciences,
up to $150.)

2. Trapped electron tunnelling in organic glasses at 77°K. (Associate Professor J. G. Hawke,
Chemistry, Mr D. Sangster, AAEC, up to $600.)

3. Chemical and biological processes initiated by the B10(n,a)Li? transformation in phenylboric
acids. (Associate Professor J. G. Hawke, Chemistry, up to $1,800.)

4. Hot atom reactions in molecules exposed to fast neutron fluxes. (Associate Professor
J. G. Hawke, Chemistry, up to $1,000.)

5. Radiation effects in surface films. (Associate Professor J. G. Hawke, Chemistry, up to
$700.)

6. Low angle neutron diffraction and scattering studies of biological systems. (Dr M. Batley,
Chemistry, up to $300.)
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University of Wollongong

1. Study of neutron capture in reactor structural materials. (Or J. N. Mathur, Physics,
up to $3,927.)

2. Removal of soluble organic compounds from aqueous effluents by radiation induced
co-polymerisation with polyelectrolytes. (Dr J. Ellis, Chemistry, up to $(500.)

3. Quantum theoretical search for potential high energy molecular lasers. (Dr P. G. Burton,
Chemistry, up to $2,100.)

4. Distribution of K, Th and U in rocks of the Sydney Basin and Lachlan Fold Belt,
New South Wales. (Dr R. A. Facer, Geology, up to $1,JOO.)

Australian National University

1. Oxidation reduction reactions of co-ordinated ligands. (Professor A. M. Sargeson,
Chemistry, up to $1,000.)

2. Spectroscopy of laser-produced plasmas. (Dr F. E. Irons, Engineering Physics, up to
$900.)

3. Thermal X-ray spectra and impurities in the LT-4 tokamak. (Dr G. R. Hogg, Plasma
Research Laboratory, up to $4,400.)

4. Hydrogen and impurity line profile analysis in LT-4. (Dr M. G. Bell, Plasma Research
Laboratory, up to $2.400.)

5. Studies of transient phenomena in LT-4. (Dr M. G. Bell, Plasma Research Laboratory,
up to $5,870.)

6. Determination of plasma density fluctuations usinf, the scintillations of submillimetre
wavelength beams. (Dr L. E. Sharp. Plasma Research Laboratory, up to $4,515.)

7. Disorder in 9-, 10-substitutecl anthracenes. (Dr T. R. Welberry, Chemistry, up to $1,300.)
8. Accurate determination of second-order crystallographic information. (Dr R. D. G.

Jones, Chemistry, Dr C. J. Howard, AAEC, up to $900.)
9. Molecular structure of hydrido-transition metal complexes by neutron diffraction. (Dr

G. B. Robertson, Dr P. A. Tuck'cr, Chemistry, up to $600.)
10. •|"Ar/:!!lAr age determination of rocks. (Dr I. McDougall, Earth Sciences, up to $2,100.)
11. Distribution and. significance of trace elements in igneous and metamorphic rocks. (Dr

W. E. Cameron, Geology, up to $1,200.)
12. Feasibility of sourcing prehistoric Melanesian pottery by proton-induced X-ray spectra

analysis. (Dr 0. S. Rye, Prehistory, up to $600.) •
13. Radiation damage studies of diamond. (Dr A. Edgar, Physics, up to $400.)
14. Chronology and variation of obsidian utilisation in the Admiralty Islands. (Mr \V. R.

Ambrose, Pacific Studies, Prehistory, up to $700.)

University of Melbourne

1. Turbulent shear layers and heat transfer. (Dr A. E. Perry, Professor P. N. Joubcrt,
Mechanical Engineering, up to $1,678.)

2. Genes controlling radk'tion response in Psciiilonioiias acniginosa. (Dr B. T. O. Lee,
Genetics, up to $2,600.)

3. Pulse radiolysis studies of gaseous atoms and radicals. (Dr R. Cooper, Physical Chemistry,
up to $1,400.)

4. Application of activation analysis to problems of ore uenesis and evolution of the crust.
(Dr R. R. Keays, Geology, up to $2,000.)

5. The application of activation and particle track analysis and radiochemical tracer
techniques to fundamental problems in geochemistry and cosmochemistry. (Professor
J. F. Lovering, Geology, up to $2,200.)

6. Modification to Si(Li) detector for University of Melbourne. (Dr A. G. Klein, Physics,
up to $400.)

7. Trace element distributions in minerals using P1XE. (Dr C. D. McKenzie, Physics,
up to $300.)

Monash University

1. Search for antiferromagnetism in /?MnAl. (Dr T. J. Hicks, Physics, up to $1,300.)
2. Distribution of magnetic moment in antiferromagnctic alloys. (Dr T. J. Hicks, Physics,

up to $7,000.)
3. Distribution and dynamics of moments in magnetic alloys. (Dr T. J. Hicks, Physics,

up to $2,000.)
4. Magnetic order in transition metal alloys and compounds. (Associate Professor J. H.

Smith, Physics, up to $4,000.)
5. Distribution of magnetic moment in superparamagnels, spin glasses and Kondo systems.

(Dr R. Cywinski, Physics, up to $6,600.)
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6. Investigation of vacancy distributions in Co(GaFe) alloys. (Dr R. Cywinski, Physics,
up to $1,500.)

7. Efficiency, power and energy limitations of longitudinally excited copper halide laser.
(Mr R. C. Tobin, Physics, up to $710.)

8. Electronic and nuclear interactions in rare earth and transition metal compounds. (Dr
J. D. Cashion, Physics, up to $500.)

9. Investigation of isotope ratio in ground-water in the Melbourne area. (Dr V. J. Wall.
Earth Sciences, up to $400.)

La Trobe University

1. Mutagcnesis by the isotope technetium 99m: a comparative study. (Dr D. G. MacPhcc,
Genetics, up to $1,900.)

2. Repair of radiation-induced damage in eukaryote chromosomes. (Dr M. Westerman,
Genetics, up to $2,200.)

3. Radiation-induced directional elimination of chromosomes from cell hybrids. (Dr J. A.
Marshall Graves, Genetics, up to $1,800.)

4. The effects of 7-radiation on cosmopolitan and endemic Drosophila species. (Professor
P. A. Parsons, Genetics, up to $3,400.)

5. Neutron radiography of roots growing in soils. (Mr S. T. Willatt, Agriculture, up to
$1,400.)

6. Field ionisation mass spectrometry. (Dr P. J. Derrick, Physical Chemistry, up to $400.)

University of Tasmania

1. Compound semiconductors for nuclear radiation detection. (Dr K. B. Fenton, Dr A. G.
Fenton, Physics, up to $1,000.)

2. Effects of chemical protectors against X-ray damage and radiomimetic substances on
animal cells in culture. (Dr Y. A. E. Bick, Zoology, up to $1,300.)

3. Polyiodides of (he alkaline earth metals. (Professor H. Bloom, Mr R. Thomas, Chemistry,
Dr F. H. Moore, A1NSE, up to $2,200.)

4. investigation of 1NAA for determininu rare earth elements in earth sciences. (Professor
D. H. Green, Geology, up to $2,300.)

University of Adelaide
1. Development of laminar natural-convective flow through ducts. (Dr J. R. Dyer, Mechanical

Engineering, up to $650.)
2. Intra-molecular electron transfer processes in metal complexes. (Dr G. S. Laurence,

Physical and Inorganic Chemistry, up to $2,100.)
3. Low level uranium and thorium determinations for archaeometry. (Professor J. R.

Prescott, Physics, up to $2,000.)

Flinders University of South Australia

1. Interactive effects of cigarette smoke and inhaled radioactive material on carcinogenesis
in bronchial epithelia. (Professor A. W. Rogers, Dr G. Robertson, Human Morpholouy,
up to $1,000.)

2. Fast Z-pinch (FUZA-2). (Professor M. H. Brennan, Dr I. R. Jones, Dr E. L. Murray,
Physical Sciences, up to $14,040.)

3. Rotating field discharges. (Dr J. R. Jones, Dr M. G. R. Phillips, Physical Sciences, up to
$3,015.)

4. Fluorine and olher trace elements in dental health. (Associate Professor H. J. de Bruin,
Dr M. A. Chaudhri, Physical Sciences, up to $2,500.)

5. Uranium distribution studies in rocks and sediments. (Dr H. H. Veen, Earth Sciences,
up to $300.)

6. Activation analysis of heavy metal concentrations in coral exoskclctons. (Dr H. H. Vech,
Earth Sciences, up to $500.)

7. A neutron diffraction study of zinc-adenip.e complex. (Dr M. R. Taylor, Physical Sciences,
up to $800.)

University of Western Australia

1. Absolute measurement of neutron production. (Dr H. H. Thies, Physics, up to $1.000.)
2. Crystal structure analysis by neutron diffraction. (Dr E. N. Maslen, Dr A. H. White,

Physics, up to $3,000.)
3. Bonding in hexacyanochromate (111) ion and hexanitronickclatc (II) ion. (Professor B. N.

Figgis, Physical and Inorganic Chemistry, xip to $2,000.)
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4. Generation centre investigation in silicon Devices by ion implant neutron activation and
He* Rutherford backscattering methods. (Dr A. G. Nassibian, Electrical Engineering,
up to $1,500.)

New South Wales Institute of Technology

1. Techniques for the analysis of high resolution neutron powder data. (Dr T. Sabine,
Physics, up to $1,200.)

Queensland Institute of Technology

1. Development of a new method to measure fast neutron fluence in the range of 1019 to
102° ncm-- in the presence of an intense thermal neutron field. (Dr C. F. Wonc, Physics,
up to $600.)

Royal Melbourne Institute of Technology

1. Materials analysis by high resolution Rutherford scattering and channelling. (Dr J. Williams,
Communication and Electronic Engineering, up to $800.)

AINSE RESEARCH FELLOWSHIPS

1. Defect characterisation using high resolution electron microscopy. (Dr G. R. Anstis,
Electron Microscope Unit, University of Sydney.)

2. Tokamak diagnostics with laser scattering. (Dr L. Bighel, Wills Plasma Physics, University
of Sydney.)

3. Radiation genetics, repair and development in the lower eukaryote dictyostelium
cliscoideum. (Dr F. P. Imray, Genetics, University of Melbourne.)

4. Theoretical studies in radiation damage. (Dr D. D. Richardson, Theoretical Physics,
Australian National University.)

5. lonisation cross sections for the fusion program. (Dr A. T. Stelbovics, Physical Sciences,
Flinders University of South Australia.)

6. Creep fatigue of reactor structural materials. (Dr W. R. Thorpe, Mining and Metallurgical
Engineering, University of Queensland.)

7. Anharmonicity in zinc blende compounds. (Dr J. E. Tibballs, Physics, University of
Melbourne.)

8. Spin density determination in transition metal complexes by polarised neutron diffraction.
(Dr G. A. Williams, Chemistry, University of Western Australia.)

AINSE POST-GRADUATE RESEARCH STUDENTSHIPS

1. Dissolution studies of radiation damage in oxides and oxide glasses. (Mr D. R. Cousens,
Science, Griffith University.)

2. The electronic excitation of water. (Mr J. A. Irvin, Physical and Inorganic Chemistry,
University of Western Australia.)

3. Acid effects in radiation grafting reactions. (Mr S. V. Jankiewicz, Physical Chemistry,
University of New South Wales.)

4. Crystallographic studies of silicate and hyclrated minerals. (Mr J. B. Parise, Geology,
James Cook University of North Queensland.)

5. Compound semiconductors Tor nuclear radiation detection. (Mr S. J. Pearton, Physics,
University of Tasmania.)

6. An investigation of electronically excited species produced during the radiolysis of water.
(Mr S. M. Trotman, Physical and Inorganic Chemistry, University of Western Australia.)
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Appendix G — Technical Papers by Commission Staff

S f f : *

The research publications of the Commission include reports in official AAEC
series distributed widely throughout the world, papers contributed to learned
journals, and papers presented at conferences where proceedings are sub-
sequently published.

PUBLISHED PAPERS

A1REY, P. L. [1978]. Nuclear hydrology research at Lucas Heights. At. Enersv Anst.,
21(4): 12-20.

BAKER, F., GIBSON, D., PETERSEN, M. [1978]. A compact small aperture straight-through
vacuum valve. Vacuum, 28(2):75.

BARRY, J. M., POLLARD, J. P. [1979]. Application of the method of implicit non-stationary
iteration (MINI ) to 3D neutron diffusion problems. Ann, Nud. Energy, 6:121-131.

BATLEY, G. E. [1978]. Chemistry at the Australian Atomic Energy Commission Research
Establishment. Chem. Aiist., 45:357.

BATLEY, G. E., GILES, M. S. [1979]. Solvent displacement of sediment interstitial waters
before trace metal analysis. Water Res. (In press.)

BEATTIE, D. R. H., LAWTHER, K. R. [1979]. Letter to the Editor re article by R. B. Mesler.
AlCliE (Am. lust. Chan. Eng.) J., 25(2):384.

BIRD, J. R., RUSSELL, L. H., SCOTT, M. D., *AMBROSE, W. R. [1978]. Obsidian
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Appendix H — AAEC Patent Activities
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AUSTRALIA — PROVISIONAL
The following patent applications were lodged during 1978-79.

F. C. HUNT, J. G. WILSON. Hepato biliary radiopharmaceuticals. PD5874, dated
8 September 1978.

D. H. BRADHURST, G. Z. A. STOLARSKI. Electrodes for photoelectrochemical cells.
PD8163, dated 23 March 1979.

AUSTRALIA AND OVERSEAS — COMPLETE
The following patent applications were confirmed during 1978-79.

B. D. SOWERBY. Combination neutron and cam ma-ray method of elemental analysis.
Australia 39253/78, dated 25 August 1978.

R. E. BOYD, R. W. MATTHEWS. Improvements relating to tcchnetium 99m generators.
Australia 40891/78, dated 19 October 1978. France 78-29828, dated 19 October 1978.
UK 40853/78, dated 17 October 1978. Canada 313660, dated 18 October 1978. Holland
7810468, dated 19 October 1978. West Germany P2845613.5, dated 19 October 1978.
USA 951942, dated 16 October 1978.

J. V. EVANS, R. W. MATTHEWS. Tcchnetium 99m generators. Germany P2825216.6, dated
8 June 1978. Japan 69739/78, dated 9 June 1978". France 7817398, dated 9 June 1978.

PATENT APPLICATIONS ALLOWED TO LAPSE
D. J. RICHARDSON, G. W. COX. Improvements in and relating to the handling of data.

Canada 239935/75.
W. T. SPRAGG, B. W. SEATONBERRY. Method and apparatus for measuring gas flow.

Japan 34009/73.
W. T. SPRAGG. Control of insects. USA 878108/76.

LETTERS PATENT GRANTED
J. S. WATT, V. L. GRAV1TIS. Analysis of coal. USA 4090074, dated 16 May 1978.
T. J. MAGEE, R. R. PETTIJOHN, S. STEWART, M. THACKRAY. Method of controlled

surface texturisation of crystalline semiconductor material. USA 4147564, dated
3 April 1979.

PATENTS ABANDONED
R. B. ADAMS. Improved sintering process for production of uranium dioxide pellets.

Australian Patent 453294. British Patent 1320266.
A. J. EKSTROM, A. B. McLAREN. Process for the production of uranium hcxafluoride.

French Patent 7303784. Italian Patent 994852.
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