A TEN-YEAR STORY
OF SUCCESS

IN ENVIRONMENTAL
REMEDIATION




VIROTEC

A Ten-Year Story of Success in
Environmental Remediation

Lee Fergusson, Ph.D.

Prana World Publishing



TABLE OF CONTENTS

1. INTRODUCTION TO VIROTEC .....utiiiiiiieeieiiiiieiita e e e sttt e e e e e e e s ssnaaaeeeee e e e e annnnnneeeeaaens 1
1.1 History and corporate profile.........ccoooiiiiiioii e, 1
1.2 Platform technology development: Basecon and Bauxsol Technologies ..................... 4
1.3 Survey of alumina refinery residues from around the world ......................c. 11
1.4 Survey of Bauxsol raw material from around the world .............................L. 13
1.5 Early applications and reSUItS ...........cooi i 16

1.5.1 Treatment of tailings dam water at Mt Carrington mine, Australia...................... 16
1.5.2 Treatment of waste rock at Gilt Edge mine, USA ..., 18
1.5.3 Treatment of acid mine drainage at Baia Mare mine, Romania ..........cc..cc.......... 19
1.6 Primary Virotec technologies and reagents ..o 20
1.7 Commercialising the technolOgies .............uviiiiiiiii e 22
1.8 Regional sustainability frameworks and local stakeholders...............cccoeeeiiiiin. 24

2. TECHNICAL FOUNDATIONS. ... ittt ettt e e e e e e e e e s anneeees 28
2.1 Summary of early Virotec research findings ............cccuviiiiiiiiiii e 28
2.2 Long-term stability of Virotec’s chemical reagents .............ccccoeeeeei, 30
2.3 Toxicological analysis of Virotec’s “virgin” chemical reagents.....................cc.oeeeee. 35
2.4 Toxicological analysis of Virotec’s “spent” chemical reagents..........ccccccooiiiiiiiieennnn. 36
2.5 Toxicological analysis of water, soil, waste rock and tailings after reagent addition .. 37
2.6 Contaminated solids reclassification............ccccceeiiiiiiiiiii e 41
2.7 Odour destroying properties of Virotec’s chemical reagents ...........cccccovviiiiiiiieennnn.n. 42
2.8 Rapid sequestro-degradation and hydrocarbon destruction................ccccoo oo, 44

3. INDUSTRIAL WASTEWATER AND SOLIDS TREATMENT:

VIROFLOW TECHNOLOGY ...ooiiiiiiiiiiiiiiiiie ettt e e s e e e e e e e nnneees 46
3.1 Introduction to ViroFIow TEeChNOIOGY ........eeeiiiiiiiiiiiiiiiiieee e 46
3.2 Industrial wastewater treatment: Nature of the problem.............cccccoiiiiiiiiiiiiiiiiiiinnn, 46
3.2.1 Case study: Queensland Rail, Australia..............ccccoeeiii 47
3.3 Industrial solid waste treatment: Nature of the problem .............cccccciiinnns 48
3.3.1 Case study: Lead and Zinc Smelter, Australia................ceeeeeiiii, 49
3.4 Contaminated stormwater treatment: Nature of the problem..............cccccciviiniinnnnnn. 50
3.4.1 Case study: CheongJu City, South Korea ..............cccooeeiiii 51
3.5 Animal feeding operation wastewater treatment: Nature of the problem.................... 51
3.5.1 Case study: Murphy Brown Hog Farm, USA ..., 52
3.6 Radium-contaminated drinking water treatment: Nature of the problem.................... 53
3.6.1 Case study: Gilbert-Summit Rural Water District, USA ...........cccoeiiii . 53
3.7 Highway construction wastewater and leachate treatment: Nature of the problem.... 54
3.7.1 Case study: Roads and Traffic Authority, Australia................cccceeeeei . 54
3.8 Copper-chrome-arsenate wastewater treatment: Nature of the problem ................... 55
3.8.1 Case study: Wood preservation company, Australia............c.cccoeeieeen. 55
3.9 Copper-chrome-arsenate waste solids treatment: Nature of the problem.................. 56
3.9.1 Case study: Pilks Pine, Australia..............coooiiiiiiiiiiieeeee e 56
3.10 Landfill leachate treatment: Nature of the problem..............cccccoiiiiiiiiies 57
3.10.1 Case study: Nudgee Landfill, Australia.............cccccoeeiiiiii 58
3.11 Obnoxious odour treatment: Nature of the problem .............ccccciiiiie 58
3.11.1 Case study: Queensland Organic Recycling Systems, Australia ...................... 58
3.12 Iron-arsenic speiss solids treatment: Nature of the problem .............ccccccciiiinnnnnn. 60
3.12.1 Case study: Large zinc smelter, China..............ccccco 60

4. CONTAMINATED SOIL AND SITE REMEDIATION: VIROSOIL TECHNOLOGY ......... 62
4.1 Introduction to ViroSoil TEChNOIOGY .........ccouuiiiiiiiiiee e 62
4.2 Heavy metal-contaminated soil treatment: Nature of the problem...............c..cc......... 63

4.2.1 Case study: Westrock Developments, Australia..........ccccccveevvivevieeiiiiiiieiieeeeeennee. 64



4.3 Hydrocarbon-contaminated soil treatment: Nature of the problem ............................. 65

4.3.1 Case study: CEC Constructions, Australia.............cccoeei i, 65
4.4 Dredge spoil and marine sediments treatment: Nature of the problem ..................... 66
4.4.1 Case study: Action Sands, Australia..............cccoeeeiie 67
4.5 Composting and dairy waste treatment: Nature of the problem..........................l. 68
4.5.1 Case study: NADA Dairy, Saudi Arabia ............cccooiiiiiiiiiiiiiieee e 68
4.6 Acid sulphate soils treatment: Nature of the problem ..., 70
4.6.1 Case study: Gladstone Port Authority, Australia.................cccceeeei . 71
4.7 Aquaculture pond water treatment: Nature of the problem ..., 72
4.7.1 Case study: Tomei Australia, Australia............cccceeeeiii, 73
4.8 Agriculture and crop improvement: Nature of the problem .................cccce . 74
4.8.1 Case study: Tryton Agribusiness, Australia ............ccceeeeeeiiiiiiiiiiiiie e 75
4.9 Copper-chrome-arsenate contaminated soil treatment: Nature of the problem.......... 76
4.9.1 Case study: Parkside Timber, Australia..............cccccoeeii 76
4.10 Heavy metal-contaminated groundwater treatment: Nature of the problem ............. 77
4.10.1 Case study: Valley Wood Preserving, USA ... 77
. MINE SITE WASTE TREATMENT AND SITE REMEDIATION:
VIROMINE TECHNOLOGY ...ccoiiiiiiiiiiitie et e et e e e e e e s st e e e e e e e e s nnnnnnneeeeaens 79
5.1 Introduction to ViroMine TeChNOIOY ........cccooiiiiiiiiiiiiiiieeiieee e 79
5.2 Mine tailings treatment and revegetation: Nature of the problem ...............ccccvvvnnnnes 81
5.2.1 Case study: King River Delta, Australia............cccoooeeiiii 81
5.3 Mine waste rock treatment: Nature of the problem ..............ccccciiiiiiiiiiiiiiiiees 83
5.3.1 Case study: Ulsan Iron Ore Mine, South Korea...........ccoooeiiiiiiiiiii, 84
5.4 Tailings dam and attenuation dam water treatment: Nature of the problem............... 85
5.4.1 Case study: Lane Xang Minerals, Laos ........ccccoovieiiiiiiiiiiiii e 86
5.5 Acid mine drainage treatment: Nature of the problem ...............cccccoiii s 87
5.5.1 Case study: Aljustrel mine, Portugal ..o, 87
5.6 Waste rock revegetation: Nature of the problem ............ccccvvvviiiiiiiiiiiiiiis 89
5.6.1 Case Study: Mt Carrington mine, Australia............cccccceeiiiiiiiiiii e 89
5.7 Quarry dam water treatment: Nature of the problem ... 92
5.7.1 Case study: Boral, AUSTralia..........ccccoeiieiiiioiieec e, 92
. MUNICIPAL WASTEWATER AND SOLIDS TREATMENT:
VIROSEWAGE TECHNOLOGY ...oiiiiiiiiccee ettt e e e s e et e e et e e e e aaaas 94
6.1 Introduction to ViroSewage TEeChNOIOQY ...........uuuvviiiiiiiiiiiiiiiiiiiiiieiiiiiieenee—————— 94
6.2 Municipal wastewater treatment (by direct addition): Nature of the problem.............. 96
6.2.1 Case study: Royal Australian Air Force Base, Australia.............ccccoeeeeeee. 96
6.3 Municipal wastewater treatment (by filtration): Nature of the problem........................ 97
6.3.1 Case study: Yorkshire Water, United Kingdom...........cccoooiiiiiiii e, 98
6.4 Municipal biosolids treatment: Nature of the problem............cccevviiiies 100
6.4.1 Case study: Pine River Shire Council, Australia ............ccccccoiiiiiiiiiiiiiiinnes 100
6.5 Phosphate-rich centrate treatment: Nature of the problem............cccccociiiiiiiiiiiinnnnn. 102
6.5.1 Case study: Redcliffe Shire Council, Australia.............cccccoeeiiiiiiiiiiiiiiins 102
. OTHER ENVIRONMENTAL AND WASTE APPLICATIONS IN DEVELOPMENT ....... 105
408 I L1 Yo [T 1o ) o I 105
7.2 Concrete strength and acid resisStance .............cccvvviviiiiiiiiiii s 105
7.3 Broadacre fertilisers for increased crop yields and moisture retention ..................... 106
7.4 Contaminated building and demolition waste treatment ................cccooiiie 107
7.5 Treatment of arsenic in drinKiNg Water.............uvviiiiiiiiiiiiiiiiiieieeeseeevee e, 108
7.6 In-situ chemical oxidation and biogeochemical stabilisation treatments of
CoONtaMINALEA SOIIS ... 109
7.7 Flue gas desulfurisation blowdown treatment...............cccvevviiiiiiiiiiiiiiiiiiiieeiiees 109
7.8 Power plant emissions SCrUbDING .....c.uvuiiiiiiiieiece e e 110
7.9 Radioactive shielding and caesium and strontium binding ............cccoeciiiiiiiennnns 112



8. ASIA-PACIFIC MARKET TRENDS AND OPPORTUNITIES IN ENVIRONMENTAL

REMEDIATION AND WASTE TREATMENT ..ottt 115
8.1 Introduction and overview of methods ..o 115
8.2 AUSTIANIA . ... e 117
8.2.1 Background and key remediation opportunities...........ccccccuviuiiiiieiieeiinnniiinnn. 117
8.2.2 Reported waste types and quantities, and projected volumes of reagent
required to treat waste in Australia ............ccccoieiii i 119
S I 0= g =T - SRR 121
8.3.1 Background and key remediation opportunities.............cccoeeeeeeiiii e, 121
8.3.2 Reported waste types and quantities, and projected volumes of reagent
required to treat waste in Canada................cccc 123
S N O 4 1 o - T PP SOPPSPPPR 125
8.4.1 Background and key remediation opportunities............cccccuviiriiieeiieeiinniiiiinne, 125
8.4.2 Reported waste types and quantities, and projected volumes of reagent
required to treat waste in China..........cccccc 126
ST [ o - TSRS 128
8.5.1 Background and key remediation opportunities............cccceoevvriiiiiicii e, 128
8.5.2 Reported waste types and quantities, and projected volumes of reagent
required to treat waste in India.............cccoi 130
LG T IR0 £ o - o P 132
8.6.1 Background and key remediation opportunities............ccccovvvviveeiiiiiniiieeceeeeee, 132
8.6.2 Reported waste types and quantities, and projected volumes of reagent
required to treat waste in Japan.............cccc 134
oA T 10 1 o T Y- TSRO 136
8.7.1 Background and key remediation opportunities............ccccoevevvieeiiiiiniinececenee, 136
8.6.2 Reported waste types and quantities, and projected volumes of reagent
required to treat waste in South Korea ...............cccccc 138
8.8 United States Of AMEIICA .........oiiiii e 140
8.8.1 Background and key remediation opportunities............cccceeeveiiiii e, 140
8.8.2 Reported waste types and quantities, and projected volumes of reagent
required to treat waste iIN USA ... 142
O. CONGCLUSION L.ttt ettt e e e e e e s bbbttt e e e e e e e e st bbneeeeeeeeeaanns 144
10. REFERENCES ... et e e et e e e e e e e et e e e et eaaees 145
11. APPENDIX A: LIST OF FIGURES........cci ittt ettt ee e e e 164
12. APPENDIX B: LIST OF TABLES ....ooitiiiieiiieiieee ettt 168
13. APPENDIX C: LIST OF TESTING PROTOCOLS ..ottt 171
14. APPENDIX D: NOTES TO THE REGIONAL SUSTAINABILITY FRAMEWORKS..... 180



1. INTRODUCTION TO VIROTEC

1.1 History and corporate profile

This book was originally published as a research paper titled: “Commercialisation of
environmental technologies derived from alumina refinery residues: A ten-year case history of
Virotec”, and formed part of the ATF-06-3 project on the “Management of Bauxite Residues”
for the Department of Resources, Energy and Tourism (DRET), Commonwealth Government
of Australia. As such it also represented part of the overall commitment of the Australian
Government towards the Asia-Pacific Partnership on Clean Development and Climate as it
related to the management and reuse of caustic alumina refinery residues (ARR).

The purpose of the book is twofold: firstly, to present a technical and operational overview of
the technologies of Virotec, including commercial development pathways and case examples
of applications; and secondly, to provide an overview of environmental and waste treatment
problems in the Asia-Pacific region, and to project the volumes of chemical reagents and
ARR required to treat them. Virotec thus provides a concrete example of how to
commercialise environmental remediation and waste treatment technologies derived from the
conversion and safe reuse of ARR. Since 2000, Virotec has researched, developed and
commercialised a range of technically engineered environmental and industrial waste
solutions derived from utilising and augmenting the specific physical and chemical properties
of alumina refinery residues. These solutions provide evidence of how a sustainable industrial
future can be achieved through the conversion and reuse of this type of solid waste.

In order to coherently chronicle the ten-year commercial trajectory of Virotec, this book
explores the operational and commercial origins (Section 1) and technical origins of the
company, highlighting early successes and research (Section 2). The document charts the
steps Virotec has taken to move beyond research and development into successful business
operations. As a result of this commercialisation, Virotec provides environmental and waste
services in the following four industry categories: 1) ViroFlow Technology, which treats
contaminated industrial wastewater, and treats and reclassifies hazardous industrial solids,
sludges and sediments; 2) ViroSoil Technology, which treats heavy metal and hydrocarbon-
contaminated soils, and remediates and revegetates contaminated industrial sites; 3)
ViroMine Technology, which treats solid and liquid waste generated from mining, including
tailings dam wastewater, waste rock and tailings, and revegetates mine sites; and 4)
ViroSewage Technology, which treats municipal sewage effluent and biosolids, and creates
compost. As will be shown in this book, Virotec’s technologies also treat obnoxious odours,
industrial gaseous wastes, stormwater, and a range of other environmental problems and
wastes across many diverse industries.

At the heart of the book, Sections 3, 4, 5 and 6 highlight a number of particularly intractable
environmental problems and present a series of industrial case studies, which together
summarise the various industrial and municipal applications of Virotec’s four technologies.
Section 7 provides a summary of other industrial areas of developmental interest to Virotec,
and Section 8 documents the main types and volumes of waste generated by or currently
stockpiled in Australia, Canada, China, India, Japan, South Korea and the United States of
America (members of the Asia-Pacific Partnership) and projects the volumes of chemical
reagents derived from ARR that would be required to effectively treat the waste.

Virotec began operations in 2000. Prior to that time, Virotec was a mining company, Tin
Australia Ltd, with mining and lease interests in Queensland and New South Wales.
Following the successful treatment of one of its tailings dams using newly trialled technology
derived from ARR in 1999-2000, Virotec focused its efforts on researching, developing and
commercialising the technology, which initially centred on the treatment of mining wastewater.
Virotec has since become a leader in providing effective, sustainable solutions which deal
with intractable environmental remediation and waste treatment problems (Gold Coast City
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Council, 2006; Fergusson, 2007a). Its proven, patented technologies enable companies and
public utilities to meet strict government regulatory waste treatment standards, reduce future
corporate and social liabilities and help safeguard the environment. Virotec’s four
technologies benefit many different industries, including mining and metals processing,
metals finishing and other manufacturing industries, municipal sewage and biosolids
treatment, property development and marine dredging, and timber preservation. Virotec’s
products and services have gained regulatory approval in Australia, Italy, Laos, Portugal,
South Korea, United Kingdom and the United States of America (e.g., Thomas, 2004).

Until 2008, the Virotec business operated through a group of companies which was headed
by a London-based, publicly listed company on the London Stock Exchange trading under
the symbol “VTI” (Trench, 2004). As a result of a corporate takeover of the company’s parent,
Virotec International plc, by the Hydrodec Group plc in June 2008, Virotec became a
management-owned company with offices in Mobile, Alabama (USA), Gold Coast (Australia),
and Newcastle (United Kingdom). Virotec had “spun-off’ other non-core sustainable
technologies into several companies, including ImperativePlus Pty Ltd, an advisory firm which
helps other companies build corporate and operational sustainability (Moncrief, 2007; Wells,
2006a, 2006b) and the Hydrodec Group plc, a UK publicly listed company of the London
Stock Exchange, which reprocesses and reuses spent transformer oils using technology
developed jointly by CSIRO and Virotec.

Average Annual R&D Expenditure (AUDS millions)
Average Revenue Per Project (AUDS)

2000 20012002 ZOIDS 2004 2005 2006 2007 2008

2000 2001 2002 2003 2004 2005 2006 2007
Year Year

Figure 1 (left): Average annual research and development expenditure on Virotec
technologies, 2000-2007 (in AUD$millions).

Figure 2 (right): Average yearly dollar value of Virotec projects, 2000-2008 (in AUD$).

Virotec’s business activities include the following elements: a) research and development into
more than 20 different sources of ARR from around the world; b) a global initiative to reduce
the levels and volumes of industrial waste generated from alumina refining; ¢) sustainability
models and programs; d) international publications in refereed, scientific journals and
technical papers and presentations; e) regulatory approvals to implement its technologies; f)
patent protection for technology innovations; g) development and commercial deployment of
discrete environmental remediation and waste treatment technologies organised by market
type; and h) the commercial sales and marketing of a range of safe, chemical reagents used
in implementing the above technologies.

These and other elements of Virotec’s business are presented in Sections 1 and 2. As shown
in Figure 1, from 2000 to 2007 Virotec spent a total of $15.5 million on research and
development of its technologies. This figure does not include research and development
grants and subsidies from governments and other sources. The majority of this expenditure





