: ' AUSTRALIAN CENTR
, FOR GEOMECHANICS

CSIRO ' Curtin University * University of WA
Joint Venture -~

9-11 September 2009 Perth Australia




2009
MineClosure

Proceedings of the Fourth International
Conference on Mine Closure

9-11 September 2009, Perth, Australia

EDITORS

Andy Fourie

School of Civil and Resource Engineering
The University of Western Australia, Australia

Mark Tibbett

Centre for Land Rehabilitation
The University of Western Australia, Australia

i
CENTRE FOR LAND REHABILITATION .l ACG AUSTRALIAN CENTRE
‘ - W FOR GEOMECHANICS
——

e " CSIRO | Curtin,University | University of WA
The University of Western Australia i ]:,::7,;"",‘" vy &




AUSTRALIAN ORGANISING AND ADVISORY COMMITTEE

A.B. Fourie, School of Civil and Resource Engineering, UWA, WA (Co-chair)

M. Tibbett, Centre for Land Rehabilitation, UWA, WA (Co-chair)
G.M. Bentel, BHP Billiton
B. Biggs, VaAlback EMS, WA
S. Finucane, Bioscope Environmental Consulting Pty Ltd, WA
A. Garvie, SRK Consulting (Australasia) Pty Ltd, NSW
S.J. George, Centre for Land Rehabilitation, UWA, WA
0. Jones, Minerals and Energy Research Institute of Western Australia, WA
H.W.B. Lacy, Outvt_)ack Ecology, WA
D. Laurence, School of Mining Engineering, The University of New South Wales, NSW
G.M. Mudd, Environmental Engineéring, Monash Unjversity, Vic
D. Mulligan, Centre for Mined Land Rehabilitation, The University of Queené’land, Qld
C. Oldham, School of Environmental Systems Engineering, UWA, WA
A.V. Spain, Schoo! of Earth and Environmental Science, James Cook University, QId
W. Stock, Centre for Ecosystem Management, Edith Cowan University, WA
D. Tongway, CSIRO Sustainable Ecosystems, ACT

R. Watkins, EIGG, Department of Applied Geology, Curtin University, WA

Closure 2009, Perth, Australia



INTERNATIONAL ORGANISING AND ADVISORY COMMITTEE

A.B. Fourie, School of Civil and Resource Enginéering, UWA, Australia (Co-chair)
M. Tibbett, Centre for Land Rehabilitation, UWA, Australia (Co-chair)

A.J.M. Baker, School of Botany, The University of Melbourne; and
Environmental Earth Sciences International Pty Ltd, Australia

S. Barrera, Arcadis Geotecnica, Chile
N. Coppin, Wardell Armstrong International Ltd, UK
I. Davies, Nexus Sustainability, UK
A. Diaz, School of Conservation Sciences, Bournemduth'University, UK
B. Ulrich, Knight Piésold and Co., USA

D. Van Zyl, Norman B. Keevil Institute of Mining Engineering,
University of British Columbia, Canada

LM. Weiersbye, School of Animal, Plant and Environmental Sciences,
University of the Witwatersra nd, South Africa

P.H. Whitbread-Abrutat, Eden Project, UK

J.V. Wiertz, University of Chile, Chile

Mine Closure 2009, Perth, Australia




TABLE OF CONTENTS

‘0 _=-r= for Geomechanics
' _=°Z Rehabilitation
“rz=nising and Advisory Committee
= Crzanising and Advisory Committee

>
LiX
....... Xi
Plenary addresses
"~ = Toreign land — developing cultural closure criteria for mines in Australia’s Northern Territory ......... )
- = 2r mind closure — are mining companies meeting their whole of life cycle, triple bottom line
e RO R e R e O e e e e 13
BEREE [ (0 TIRE ClOSUTE AN FESTOMAHION . cvrvvesrensiresmssessonioss e etboimassissiessasssvsssossrs sotissasesesesttoshacsscdsarons 211
© S277 ct—a new paradigm for industry, regional communities, environmental organisations
= owners to look after the Great Western Woodlands, WeStern AUSTralia c......eeeeeeeveerevescseverereeesrennns 25
! 3. Judd, J.E.M. Watson
= =nvelopes — identifying limits affecting ecosystem management after Mining ........ooveeeeveververeennens 33
A MEls

= 2 =7ning considerations

Planning for closure

=nd the global financial crisis

==~ oclosure ofa tailings storage facility in the Kimberley, Western AUStralia ......oeeeeeeveeeeeeeeeevevevonn 65
2. Chapman, D. Swain, M. O’Kane

& 2nzllenges pertaining to mine closure — developrﬁent and implementation of regional
I 10 tCIES o iinsiissonnrsiinssmssaarn v

=. Coetzee, S. Esterhuyse, L. Strachan, P. Wade, S. Mudau

~ =.r= planning at the Magellan Mine — providing some certainty in uncertain times:

R e L e 93
. Burne, I.C. Mitchell, H.W.B. Lacy, S. Mackenzie

2 companies development with respect to their reclamation dutiesiias. e s 101
Sowsedikovd, J. Stérba, R. Zapletalova

Mine site rehabilitation in a changing climate
= "=nabilitation success of the old tailings storage facility of Navachab Gold Mi

e

ne,

~ © =°--20year old gold mine tailings rehabilitation project on the Witwatersrand,

................................................................................................................................................... 123
Furniss, H.J. Annegarn, .M. Weiersbye, U. Ndolo, M. Cooper

WS F=n Australia Xiii



= soil carbon being sequestered along a reconstructed biodiverse Australian jarrah forest
zhronosequence fOllowing DAUXItE MININE? ..c.ivccueciriiciieiitsieescr s emseseae s esseesessssssssesessssses s e sesess e e eeseee 137
5. George, R. Kelly, P. Greenwood, M. Tibbett

Soil carbon dynamics in a rehabilitated chronosequence determined by accelerated solvent extraction ........... 145
L.S. Lin, P. Greenwood, M. Tibbett

Financing closure

ZUIdING the DUSINESS CASE fOI CIOSUIE...uuuruuirerriesiseerssssensssisneseesesesesesseeseeseesseeseesssasesassasssessssessesseesseseseeseeeseseessesns 157
S Finucane, D. Pershke

=n economic analysis of environmental bonds in the Western Australian mineral sands 1310 V) { oV 167
Z. White, G. Doole, D. Byrd, D. Pannell

“=w regulatory approaches in rehabilitation cost estimation — how successful have they DEeNn? v veverveenn... 175
M Woolley, A. Hutton

=n evolution of the methods for and purposes of mine closure cost (<131 {17 ] 7 m————— S 187
ALW. Parshley, W. Bauman, D. Blaxland

Post-closure monitoring and final relinquishment

“=s=ssing the impact of extreme rainfalll events on the geomorphic stability of a conceptual rehabilitated
Z0C70rm in the NOrthern TErritory Of AUSTIIAIIA ...cwwreseriuerseseeesesseeoseceesseseeesssesesesmsessessesssees e e e eee e eseeeeeseseeseon. 203
LE.C. Lowry, K.G. Evans, T.J. Coulthard, G.R. Hancock, D.R. Moliere

#=mediation of small scale uranium mining activities in the South Alligator Valley, Kakadu National Park ......... 213
TN Reszat, G. Balding, M. Fawcett

“=nsition of a major tailings facility in a sensitive environment — from operation to decommissioning at
EIBIMAG) IVHITE: ...y mmooccvvoscnsssceessiss sS04SR V454658 onon s mmmse e sem s s w5 S SSRGS, 229
#.2 Lo, J. Stroiazzo, G. Guilleminot

TESZEMENT O MINE SILES BFIEN CIOSUIE .uv.ceevcvereeeeeressnstese sttt seses e ense st seeesesess s s ssseess e eeee e eeeeeesenes 245

Smiving closure criteria throUZNOUL the 1ifE OF MINE ..vvvvvvv.eveeeeseseeeeeeeeeeseeessseee e e essessseeesesseseseeseeeeseeeeeeemeeeeeeeeee 253
Lk Koontz

Reducing long-term water management costs

Wtz guality within mine waste impoundments at an incompletely remediated Cu-Pb-Zn mine site

IIIIRED .....coovisiosdesns 30 eiuaiimratonnnnnnanansansnanesssnansvsvanss - = TR — 263
& 4Ba, Y-W. Cheong, G-J. Yim

“irmaches to acid and metalliferous drainage management — implications of short-term trials for
TR reMEdIAtION .. e e
W Smmpfl, M.L. Carrigan, M.B. McLeary, J.R. Taylor

Wez=nas treatment of mine drainage from the Tucush Valley waste dump at the high altitude
FTETING MINE, POIU oottt cssesss s s ssss s sse et es e eeese e s e s ee s s oo e oo eeeeeseeeesens 285

Ecosystem reconstruction and pedogenesis

2inding particles enhance germination and radicle tolerance index of the metallophyte
"= Astrebla lappacea Lindl. under phytotoxic lead and zinC CONAIIONS vve..veeeermeervveeseesooessooooooooooeoooooo 301

- - Mine Closure 2009, Perth, Australia



“=vzlopment of a metallophyte spatial database COVering AUSHIANIA ......o.uevevversceeeeeeesssseesses oo '..311
% Pudmenzky, L. Rossato, D. Doley, C. Ramirez, A.J.M. Baker

~u=tzl distribution of fine roots on a rehabilitated bauxite residue disposal area in Western Australia

................ 317
. Swenzi, E.J. Veneklaas, |, Phillips, T.M. Bleby, C. Hinz
“esoiving challenges in tailings closure in semi-arid deserts — a case study into the decommissioning
Wi renabilitation of the Tanami Mine Three Cell tailings Storage facility ..........cuuwuoneeeeveveemeseesssoooosesooooooooooo 329
W~ Fang, H.W.B. Lacy, R. Haymont, R. Potts
Dealing with stakeholder concerns
“s=zssing risks of returning mined land to grazing in the Bowen Basin of central Queensland, Australia ............ 345
¥ Maczkowiack, C.S. Smith, G.J. Slaughter, D.R. Mulligan, D.C. Cameron
~ing for ‘walk-away’ — focusing an expert group on the ‘holy grail’ of mine CloSUre .....uouueeeeeeeeesoeoo 359
WLE MicLeary
“mzs dust — evolution over fifty years of gold mine tailings sources and sensitive receptors on the
JRIEE WHWEILEISTENU orvcrs e aresssoss180416380838508 0585848888t 375
W.Z Tielede, H. Liebenberg-Enslin, H.J. Annegarn
g 2 mined-out pit into an aesthetically acceptable community asset — a novel approach to mine
QMRS i) GNANG, WESTATTICE wvvoiersvecemerrmusssmssessssscsesessessssssssesssssesneeseeesesessessesessssssosessseeessoessscsese s 389
WA, Dzrpaah, N.H. Theunissen, A. Ohene-Adu, P. Owusu-Yeboah
== and corporate governance for effeCtive MiNE CIOSUIE......o..o..oveeeerrseesooesoes oo 403
i Dm=loping-March ‘
e tlosure — participatory stakeholder engagement and socio-economic closure planning for
~munity sustainability in the context of an uncertain (6L ¢ O 417
MR Fadett
Appropriate cover systems — designing for perpetuity
1ation feedbacks as a driver for early ecosystems development in the context of mine site
....................................................................................................................................... RO ke ¥ |
‘ez W. Gwenzi, G, McGrath, E. Veneklaas, C. Scanlan
. =7=cis of two Australian native grasses on the stability of soil cover on sulphidic gold mine ta: ngs
| EONldS Of SOUtNEASIENMN AUSHIANA oo eeseeorsrsessssoesssessesee oo 439
- “mrznila, L. Yan, G.A. Narsilio, S.T.S. Yuen
< techniques for surface stabilisation of platinum tailings dams in South Affica ......ocoeveeeveervooseoonns 449
W Wyk, P.W. van Deventer, P.J.L. Smit
“Wies Blaney-Criddle method — an empirical approach to estimate potential evaporation using air
TR ettt eesee oo ss e o 461
&1 Lin Shelp '
“Zs for simulating measured field responses for long-term perfor (ane wa . cover systems ....... 473
~ Stwrmiak, M. O'Kane
" “overs for tailings and waste rock — designing for perpetuity oo 485
iy of using taboratory-determined soil water characteristic ta 't 11e waste cover design ... 493
« Wlizms, T.K. Rohde
* = w=riability of hydraulic properties on a bauxite residue sposal area in Western Australia ..................... 505
w2, C. Hinz, I. Phillips, I.J. Mullins ’

- = 2009, Perth, Australia xv



Legacy issues from abandonment to asset

“ining for medicine — cultivation of medicinal plants as a component of a mine’s social responsibility
TOZrEMME N SOULN ATTICE 1uruiieieeeicitccc ettt ere e e e s e e s e s e e aaan s ansen 517
A Botha

Zzsential oil profiles of Lippia scaberrima Sond. from Highveld gold and uranium mines ..........coeeeeeeveeeiesinienenns 529
%.5. Mokgalaka, S. Combrinck, S.P. Lepule, T.C. Regnier, .M. Weiershye

“remical analysis and potential use of the tree Combretum erythrophyllum grown on gold and
w=znium mine tailings seepage
TC. Regnier, C.R. Kouekam, C.M. Leonard, S. Combrinck, N.S. Mokgalaka, I.M. Weiersbhye

== field cultivation on tin-mined land in Bangka ISIand, INAONESIA ....oucvevevieieeeieieecciiieee e eesevesesees et eeeresenanas 549
£ Martjahya, M.M. Nur, E. Mulyono

“=« assessment for urban development of land subject to ground movements from abandoned old

IIIIIINIESS . occooisiiinsonisnsssnsssinionsniinstorsassbnranssoss smamsnesnnssensssssasnesssson snsssssansentsersns anss o sensnssasmsnnat s ensssssesaasessrssamstanssns emeas ssss 561
.I.StGeorge

~7=ct of mineralogical and geochemical properties on reflectance properties of waste from Sokolov open
- R i By cTalg B Sl ToTE o [TcJ—————————————— OSSR 569
. zpackova, A. Bourguignon, S. Chevrel, M. Koubova, P. Rojik

“wmm 2n open uranium mining pit to a new landscape architecture — a rehabilitation story of SUCCESS ............... 581
# Schwarz, D. Grief3l, S. Morgenstern

“uth Africa’s challenges pertaining to mine closure — the problem of abandoned and derelict mines in
IREMIDUMAIANEA COBIMBIAS: wivwsimimsimmimimininiiiisimmmarsismsenmsiienmmmnrssassssasssassorssiosssssessassyasasasseressnsssassasesssessssesnsasss 593
LW wan Tonder, H. Coetzee

NI BNVCIEX. <occnivusionsinsinsussssnssinssnesiassssssssssisessesisssmssinnatrnrassenssnsnnsrasnssensvassennsssarsssassasnsssnsntecs seons enssnsssensassessesssssevassrosess 605

) . Mine Closure 2009, Perth, Australia



TECHNICAL REVIEWERS

The dedicated efforts of the peer reviewers have resulted in the high quality of the technical programme
and the papers compiled for this publication. The editors thank the following people who contributed their
time and expertise as reviewers of manuscripts for the Fourth International Conference on Mine Closure
held in Perth, Australia. A technical and critical review of each paper was undertaken by a minimum of two
reviewers for the production of this volume.

A.J.M. Baker A.B. Fourie
School of Botany, The University of Melbourne; School of Civil and Resource Engineering,
and Environmental Earth Sciences International The University of Western Australia, WA
Pty Ltd, Vic
A. Garvie
S. Barrera SRK Consulting (Australasia) Pty Ltd, NSW
Arcadis Geotecnica, Ghile
S.). George
T. Baumgartl Centre for Land Rehabilitation,
Centre for Mined Land Rehabilitation, The University of Western Australia, WA
The University of Queensland, QId
C. Grant
G.M. Bentel Alcoa of Australia, WA
BHP Billiton
l. Green
B. Biggs The Centre for Ecology and Conservation Biology,
Valback EMS, WA Bournemouth University, UK
R. Butcher C. Hinz
Barrick Gold of Australia Ltd, WA Centre for Land Rehabilitation,
The University of Western Australia, WA
I. Chivers
Native Seeds Pty Ltd, Vic D. Jasper
Outback Ecology, WA
A. Cook
School of Population Health, H. Jones
The University of Western Australia, WA Golder Associates Pty Ltd, Vic
N. Coppin 0. Jones
Wardell Armstrong International Ltd, UK Minerals and Energy Research Institute of WA, WA
I. Davies J.M. Koch
Nexus Sustainability, UK Alcoa of Australia, WA
A. Diaz S.W. Lewis
School of Conservation Sciences, Department of Applied Chemistry,
Bournemouth University, UK Curtin University of Technology, WA
P. Dye J.Li
School of Animal, Plant and Environmental CSIRO Minerals, WA
Sciences, University of the Witwatersrand,
South Africa C. Linklater
SRK Consulting (Australasia) Pty Ltd, NSW
S. Finucane

Bioscope Environmental Consulting Pty Ltd, WA

Beth. Australia Mine Closure 2009, Perth, Australia vii




J. Ludwig
Tropical Savannas Cooperative Research Centre,
and CSIRO Sustainable Ecosystems, QId

G. McPhail
Metago Environmental Engineers, WA

T. Morald
Centre for Land Rehabilitation,
The University of Western Australia, WA

G.M. Mudd
Environmental Engineering,
Monash University, Vic

D. Mulligan
Centre for Mined Land Rehabilitation,
The University of Queensland, QId

M. O'Kane
0'Kane Consultants Pty Ltd, QId

C. Oldham
School of Environmental Systems Engineering,
The University of Western Australia, WA

I. Phillips
Alcoa of Australia, WA

Y. Sawada
School of Earth and Environment,
The University of Western Australia, WA

M. Simeoni
School of Earth and Environment,
The University of Western Australia, WA

H.D. Smith
Northern Land Council, NT

A.V. Spain
School of Earth and Environmental Science,
James Cook University, Qld

W. Stock
Centre for Ecosystem Management,
Edith Cowan University, WA

M.W. Sutton
Anglogold Ashanti Ltd, South Africa

M. Tibbett

Centre for Land Rehabilitation,
The University of Western Australia, WA

viii

D. Tongway
CSIRO Sustainable Ecosystems, ACT

B. Ulrich
Knight Piésold and Co., USA

D. Van Zyl
Norman B. Keevil Institute of Mining Engineering,
University of British Columbia, Canada

R. Watkins
EIGG, Department of Applied Geology,
Curtin University of Technology, WA

I.M. Weiersbye

School of Animal, Plant and Environmental
Sciences, University of the Witwatersrand,
South Africa

P.H. Whitbread-Abrutat
Eden Project, UK

B. White
School of Agricultural and Resource Economics,
The University of Western Australia, WA

D.J. Williams
School of Civil Engineering,
The University of Queensland, QId

R. Worrall
CSIRO Exploration and Mining, Qld

A. Wright
Metago Environmental Engineers, WA

G. Zhan
Barrick Gold Corp., USA

Mine Closure 2009, Perth, Australia




Sy, N,
.[ ACG AUSTRALIAN CENTRE
q FOR GEOMECHANICS

CSIRO | Curtin University | University of WA
Joint Venture

FOR GEOMECHANICS

‘ E AUSTRALIAN CENTRE

CSIRD | Curtin University | University of WA
Joint Venture

Mine Closure 2009

Proceedings of the Fourth International Conference on Mine Closure
9-11 September 2009 Perth Australia

The following paper appeared in the Mine Closure 2009 proceedings published by the Australian Centre for Geomechanics.

© Copyright 2009. Australian Centre for Geomechanics (ACG), The University of Western Australia. All rights reserved. No part of any ACG
publication may be reproduced, stored or transmitted in any form without the prior permission of the ACG.

Note to authors: This version of your work is owned by the ACG.

Authors of the papers and third parties must obtain written permission from the ACG to publish all or part of these papers in future works.
Suitable acknowledgement to the original source of publication must be included.

This material may be used only on the following conditions:
. Copies of the material may be saved or printed for personal use only and must not be forwarded or sold to any third party.
. Commercial exploitation of the material is prohibited.

For further information:

Ms Rebecca Hitchings Australian Centre For Geomechanics
Communications Manager PO Box 3296 - BROADWAY

NEDLANDS WA 6008
bec@acg.uwa.edu.au AUSTRALIA

Ph: +61 8 6488 3300 www.acg.uwa.edu.au



Mine Closure 2009 — A.B. Fourie, M. Tibbett (eds)
© 2009 Australian Centre for Geomechanics, Perth, ISBN 978-0-9804185-9-0

Rice field cultivation on tin-mined land in Bangka Island, nesia

E. Nurtjahya Universitas Bangka Belitung, Indonesia
M.M. Nur Bangka Goes Green, Indonesia
E. Mulyono Bangka Goes Green, Indonesia

Abstract

Changing from previously tin-mined land into rice fields is good practic
province of Bangka Belitung Islands, as most major staples curren other islands. This
pioneering project of Bangka Goes Green is a corporate a private tin smelter
consortium in Pangkalpinang. Rice fields with an average ? were planted for the first time in
October 2008. Rice field cultivation on previously tin-mifed land has been practiced before in this
province. About of 16 m® mineral soil and 26 t of compost newly constructed plot. Each
hectare of 105—110 day rice field produced about 4-5 t dr nhulled ricepyielding 2.4-3 t rice grain, 25 t
straw, 1.2—1.5 t husk, and 0.4-0.5 kg bran. The yields of IR6: rice and rice grain was close to
those from unmined soil, i.e. 4-5 t and 3 t/ha consecutively. Fr avy metal content perspective, the
rice grain is considered safe with no significant difference in contents for mined and unmined husks. If
construction costs, mineral soil supply and compost costs are excluded, the pilot project benefits are about
9—-12.8 million Rp/ha, if these costs are inclusive it s losses of 10—13.7 million Rp/ha. The economic
benefit of rice field cultivation cannot, therefore, the environmental recovery of previously
mined land. Apart from this agricultural success, ¢ rts now have to be made to modify the soil
amendment procedures in order to increas en ] 1y cover environmental [oss.

1 Introduction

Tin mining in Bangka Island has been expl or about a hundred years and gained in intensity during the
Dutch colonial period. Bangka is the largest ti ucing island in Indonesia, contributing 40% of world
demand of tin (ASTIRA, 2005). Bang e t tin producing island in Indonesia (Figure 1). Tin

ds, damages natural drainage and habitats, and causes
pollution. Sand tin tailings may have
1.0, and its soil temperature may reacl ahya et al., 2008a).

It has been become a s1gn1ﬁca issue 1n Indonesia on how to utilise previously tin-mined lands in the
province of Bangka Beli ¢ 2), as tin is a finite supply. Tin-mined lands are considered
useless lands and take a ! Together with other marginal lands, the total of mine-impacted

lands in the province, totals a (Metro Bangka Belitung, 2008), or even more than 5,000 ha if those
which have been al i revegetated are included (Nurtjahya, 2008). Newly left created
previously tin-mined la difference in the two soil surfaces. The global crisis which affects
tin industries in the prevince people pay more attention to agricultural production. Agriculture has

been neglected in th en years since the reformation era started, and was followed by a series of
autonomy and mining reg s which have given the local government more authority to manage its
resources. Land has chan rom pepper and rubber plantation to mining (Nurtjahya et al., 2007a), and
in the coastal area profession from fishermen to miners has been reported (Nurtjahya et al.,
2008D).
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Legacy issues from abandonment to asset

Figure 2  Previously tin-mined land in a rice field ares

Studies show that some efforts to restore previously tin-mir ficant challenges. Reliance on
natural succession to restore sand tin tailings without any hu gion will take a long time before an
effective cover is established (Mitchell, 1959; Ang, 1994; ¢t al., 2007b). Studies of natural
regeneration showed that the dominant species, up to 11 years after mining, belong to the families
Cyperaceae and Poaceae, while shrub species are common after 40 years (Nurtjahya et al., 2007b). The slow
process of natural colonisation results from the degr; physical and chemical soil properties. The texture
of mined land is usually sandy and is low in org tent, cation-exchange capacity (CEC) and
hence exchangeable cations (Nurtjahya et al., 200 soil amendments has been performed by
using various sources of organic and 1n~cu ian and Harahap, 1981; Puryanto, 1983;
Sastrodihardjo, 1990; Naning et al., 1999 rtjahya ), including the application of arbuscular
mycorrhizal fungi.

Planting Vegetables is practiced by a v all group of people in Bangka Island, and is generally

chicken, or pig). Research on plantiy pecies to enhance forest restoration was initiated a few
years ago. One species, Syzygium ) Wight ex Walp. (Myrtaceae), has been reported as a
potential candidate for revegetating p

field on previously tin-mined land integrated with animal

Estabhshlng a rlce (Oryza sati ac
ht possible by the local inhabitants. The common perception is

that previously tin-mine ductive and take many decades to recover or to be reused. As a
result of the initial success esting rice, Bangka Goes Green (BGG) invited a number of local and
national officials to v a in November 2008, and the activity has now become a benchmark

s of Indonesia. BGG is the name of the programme of PT Bangka
Belitung Timah Seja ocial responsibility of a consortium of nine tin smelter companies in
Pangkalpinang, the ¢ vince. BGG was established in 2008. The aim of this organisation is to
recover the tinned mining nd to build environmental awareness of local people.

for other mining indust,

The BGG progr in ri d cultivation on tin-mined areas also inspired other local governments in the
provmce and some s are eager to do the same. Whilst some people raised concerns about the
g-term consumption aspects of rice cultivated on previously mined land, due to
igaccumulation, others are interested in studying the agronomy in marginal and

and compost, may*also be major component of the total cost of land preparation. What quality and quantity
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of ameliorant to amend a certain physical and chemical quality of a tin-mined land? Is it still feasible,
especially for local people?

This paper reviews current rice field operations on previously tin-mined land and discusseshwhether this
practice is feasible, attention is also paid to the heavy metals issue. The discussion
agricultural practice integrated with husbandry on previously tin-mined land to

feasible, and guide provincial government policy on food stability.

2 Methodology

2.1 Study sites

A 3.5 ha previously-mined rice field is located at Jeruk village, Bangka
long. 106°09°16.6”E; 10 m above sea level). Mean annual rainfa

2°11°38.2”S;
08 mm, and
. Meteorology Station,
2006). Twenty-nine of a total of 49 plots with the average of 3 have been planted 14
i an area of rice fields located at
earby secondary forest. A rice
ka Island, about 70 km from

Tanah Bawabh village, Bangka Island, about 50 km from J
husk control was collected from a rice field at Pangkalan
Jeruk village.

2.2 Soil and plant tissue sampling

Soil was sampled at 0-20 cm using an 8 cm diameter auger. Diagonal composite (Setyorini et al., 2003)
samples of 9-18 subsamples per plot were taken, an e to two replicates were analysed. Single samples
were used for previously tin-mined land, new sand lus clay, sandy clay rice field, the reference
rice field, and the reference forest soil, while two r hosen for sandy rice field and the clay rice
field. Straw samples from two harvests of diff e analysed for major nutrients N, P, K and
the heavy metals Fe, Pb, Cd, Cu and Sn, V&control fr unmined rice field. Rice grains from three
harvests of three different plots and a contrgh from the unmined rice field were analysed for water, ash,
protein, lipid, fibre, and energy contents, as as for Pb, Cd, Cu and Sn concentrations.

23 Land preparation

Mined land with 3—15 m holes was ley Idozer. The rice field was constructed by a large excavator
with the average five hr operation tifme \pproximately 16 m’ black mineral soil brought in from
another area was added to each plot wvator was used to level the mineral soil so that the rice
\bout 2 t (26.8 t/ha) of sawed dust-cow dung compost was
added to each plot and a sma as‘used to mix the soil amendment and plough to the soil. The
by fermenting dung of about 108 Simmental and 158 Friesian
Holstein, and 20 Black st or rice husk, and water plants (1:1:2) with the addition of
25 ml/t EM—4 microbial solu d 500 ml/t molasses. The compost was a good quality one with pH 7.3,

water content 42.059 i %, organic N 0.74%, NH, 0.12%, NO; 0.03%, N—total 0.89%, C/N
ratio 45, P,0s5 0.87%, ,540, Mn 135, Cu 6, Zn 712, B9, Pb 3, Cd 0.3, Co 1, As 4, Mo
undetected and Hg 0.

Soil amendment is nee soil physical and chemical properties of tin-mined lands are poorer than
undisturbed land and abando rmland (Nurtjahya et al., 2007b). Soil amendment reduces the proportion
of the sand frac ile ingreasing the silt and clay fractions. The organic matter addition to rice field

entrations, P,Os, K,O and total exchangeable cations (Ca, Mg, K, Na), and
EC) (Table 1). Some heavy metals, however, show differences between
ly clay-added rice fields, rice fields, and the reference rice field and reference

The ploughed plotwas left for two weeks before planting.
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2.4  Planting and crop management

Seeds of IR64 rice were germinated in a nursery and then seedlings were planted into the
distance of 30 cm (Figure 3). The plants were watered through 12.5 cm PVC pipes using
from a previous mining pond (‘kolong’) mixed with cow urine collected from the

, spaced at a
extracted

Pb, Cd and Sn concentrations and about 0.010-0.085 mg/L Cu. Fertiliser appli
use of fertiliser per plot per season of about 105-110 days was 7 kg urea a
insecticide applications were made to each plot over the growing season.

Figure3  Planting rice seedlings

3 Results

3.1 Riceyields

After 105-110 days, rice grain was ma
dried unhulled rice, about 2-3 t/ha
0.4-0.5 kg/ha bran (Table 2). Using
8-9 t/ha of new variety in unmined {
national standard 2,000 rupiahs (Rp
bran’s price were estimated.

(Figure 4). Every rice field produced about 4-5 t/ha
about 2.5 t/ha straw, about 1.2-1.5 t/ha husk, and about
variety IR64, the average production is 5.5-6.5 t /ha, or
ompas, 2009a). Dried unhulled rice price was based on
price was based on local market, and the straw, husk, and

Figure 4 Harvesting rice from the clay sandy soil
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Table2  Rice yields

Yields Unit Quantity Value (million Rp)
Dried unhulled rice  t 4-5 80-100

Rice grain t 2.4-3.0 14.4-18

Straw t 25 2.5

Husk t 1.2-1.5 0.24-0.3

Bran kg 0.4-0.5 0.4-0.5

The main pest of the rice crop is Lonchura striata (Estrildidae) [Indong
young to mature rice grains. Its flock may be up to 150 birds which att:
species (Sitta frontalis (Sittidae) [gelatik] and Palceus manyar [manyar |
but only in small numbers. To minimise bird disturbance, some
and the edges. Insects, especially hemipteran bugs (Lepfoc
[kepik] may be controlled by using appropriate insecticide
responsible for 15-20% harvest loss (Asikin and Thamrin,

ecome regular visitors
fish net along the top
dae) [walang sangit] and
Indonesia, L. oratorius may be

3.2  Heavy metal concentrations

3.2.1 Rice grain

The water content of all rice from previously tin-mined rice land (11.15-12.56%) was lower than that of the
control rice (13.08%), while the ash content of the ol rice (0.2%) was the lowest. Previous tin-mined
rice (10.09-11.36%) had higher protein content th but is relatively lower in lipids (0.2-0.3%)
and fibre (0.7-1.7%) contents (Table 3). The energ 1, was similar among three previously tin-
metal (Pb, Cu and Sn) concentrations,
mined rice, and among mined land rice. The
mg/kg) was in the range of that from mined land
sly mined land rice was generally higher (0.13-0.18 mg/kg)
ally higher in the rice control (0.82 mg/kg) than grain

etected of any samples (Table 3). The concentration
m corresponding level of 10 mg/kg for cereal grains and
ples are also below the maximum permitted levels of

Pb concentration of the rice control (0
(0.06-0.12 mg/kg). Cu concentration in pr
than the rice control (0.15 mg/kg), and Sn
from three mined areas (0.34-0.47 mg/kg
values of Cu in rice grain were belo
other food crops, while Pb content
0.2 mg/kg (Rogan et al., 2009).

Table3  Rice analysis fro -mined and unmined land control

Rice 2 (A13) Rice 3 (A15) Rice Control

Water (% 11.15 12.56 13.08
Ash (%) 1.00 0.28 0.22
Protein (% 10.25 10.09 9.16
Lipid (%) 0.35 0.33 0.20 0.57
1.67 0.74 1.00 1.28
353 353 350 350
0.06 0.12 0.07 0.08
ud ud ud ud
0.17 0.13 0.18 0.15
0.34 0.50 0.47 0.82
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3.2.2 Husk

were 2.0 and 3.0 mg/kg respectively and the Cd of husk control (0.04 mg/kg) was
previously-mined land husk (0.10 and 0.10 mg/kg). The relatively higher Feg

rice husk control (0.04 mg/kg) (Table 4) might be the reason the leaves’ colo
up to nearly half the husk.

Table4  Husk analysis of previously tin-mined and unmined conty

N P Cd Sn

% % mg/kg mg/kg
Rice husk yellow leaves (control) 1.56 0.16 0.04 3.0
Rice husk yellow leaves 0.59 0.10 0.10 0.0
Rice husk red-brown leaves 1.48 0.08 0.10 2.0

33 Economic values

The total expenditure per hectare for operating pr
preparation, nursery, planting, maintenance and ha
field construction with wages included; (27.5%),
(0.3%), and wages for ploughing (0.8% he
(82.1-84.5%), husk (11.7-14.2%), straw (1.
make compost.

sly tin-mined land as rice fields covered land
in components of land preparation were rice
%), compost (42.8%), diesel for ploughing
enerated from the selling of rice grain

The total expenditure to convert 1 ha eviously tin-mined land into rice field was estimated at
31.3 million Rp where the land preparation c nt was the major portion (about 62%) while wages were
less than 30%. Almost 50% of the costsgee
(Table 5). This high operational cost d al the economic benefit of tin mining (people’s tin mining
or ‘tambang inkonvensional’).

Income from rice grain, straw, husk, a
minus land construction was pogiti
income when the cost of land

.75 million Rp. The cost of cultivation is greater than the
is included. The loss per hectare is between 10—13.75 million Rp.

556 Mine Closure 2009, Perth, Australia



Legacy issues from abandonment to asset

Table 5  Expenditure per hectare for operating previously tin-mined land as rice fi

Activities Qty

Land preparation
Rice field construction (wages included) 1
Mineral soil (m®) 16
Compost (t) 26.8
Ploughing (diesel)
Wages

Nursery .
Construction . .
Seeds 0.2 0.7
Wages 0.5 1.5

Planting 0.0

Wages 1.6 5.1

Maintenance 0.0
Fertiliser (urea, KCl, TSP) 1.7 5.4
Pesticides \ 1.4 4.4
Wage (weeding, fertilising, pests controllin 1.2 3.8

Harvest

Wages 1.4 43

Sub-total minus land co

Total 31.3 100.0

4 Discussion

41  Adaptability

Only species with hi
of growth in sand ta
seem more adaptive o
shrubs are slightly hi

, 2000). Compared to other life forms, herbs (especially grasses)
. It may due to lowest leaf cell suction pressure (5.4 atm), while
, lianas 12.4 atm, small trees 13 atm, and big trees the highest

daptability than other life forms. A few exotic tree species such as Acacia
ever, show high adaptability on tin-mined lands (Latifah, 2000; Setiawan,
ed successfully as a nurse tree on degraded sandy soil (Norisada et al., 2005).
iscus tiliaceus L. (Malvaceae), Ficus superba Miq. (Moraceae), Calophyllum
ae) and Syzygium grande (Wight) Wight Walp. (Myrtaceae) were reported adaptive
S (Nurtjahya et al., 2008c). Some morphological and physiological characteristics of some
local tree sp planted in preV10usly tin-mined lands, such as stomata density, leaf tissue ratio, and root
conductivity shoWed their adaptability on tin-mined lands (Nurtjahya and Juairiah, 2006).
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Plantlng annual plants on previously tin-mined lands by some farmers is another example of paylng attention
to species adaptability on land which is exposed to water stress; low water holding capaci
of Poaceae, has a lifespan of 90—120 d in the field, and may show good adaptability to t
mined rice field environment.

4.2  Feasibility

From the heavy metal content perspective, rice grain can be considered safe a rice
control samples. The heavy metals contents were not significantly different fro unmined husk
This finding also in line with two reports that earlier indicated that there were cities to plants
(Kusumastuti, 2005; PPTA, 1996). Some above normal heavy metal concentration: demersal fish in
kolong’ were reported (PT Timah Tbk. — Lembaga Penelitian Universitas

The production of IR64 dried unhulled rice and rice grains in Jeruk considerable harvest
compared with the same short day rice variety group planted in unmme varts of Indonesia. The
yield of 4-5 t/ha drled unhulled IR64 rice from previously ill below the reported

may produce 7.1 t/ha dried
unhulled rice With four crops a year harvest (Kompas, 200 local variety produced by local

farmers in Central Java 8-9 t/ha (Kompas, 2009a).

If the land preparation for rice field construction, mineralsoi costs are excluded, the pilot
i million Rp/ha; when included,
losses of 10—13.8 million Rp/ha are incurred. The benefits come ¢ harvest which cannot support soil
amendment following land degradation caused by tin mining. Other studies valuing land use which is
changed such as pepper and rubber plantation into mined areas (Nurtjahya et al., 2007a), and the land use of
coastal area to mined area (Nurtjahya et al., 2008b that, in general, the benefits generated from
tin mining cannot cover the reclamation and revggetati reviously tin-mined lands. The economic
benefit is not balanced with the The net income of fishermen is
2.9 million Rp/person/month over a long ti ncome of miners in Rebo Beach and Bubus
Beachwere 5.4—6 million Rp/person/month for about 6 ths. Coral reef rehabilitation takes at least
70 million Rp/ha and requires 20-30 years toftecover (Nurtjahya et al., 2008b).

Considerable effort may be made to mo
which may cover environmental loss. The res
compost and seeking the most econo
attack.

il amendment procedures in order to increase the benefit
ould study the different levels of mineral soil and
e use of fish net is a good alternative to prevent bird

5 Conclusions

Changing previously tin- mlne rice field is a good practice to support food supply in the province
of Bangka Belitung Isl jor staples come from other islands. This is a pioneer project of
Bangka Goes Green, a co social responsibility programme from a private tin smelter consortium in

Pangkalpinang, Ban
demonstrated to some
in order to solve proble
should now be made
fields. As they are m osts, soil amendment or land preparation procedures need to have some
modifications.

incial government officers the importance of integrated agriculture
mined areas. Apart from the agricultural success, considerable effort

access the rice field area for research purposes and collection of secondary data. The
authors wo e to thank the dean of Faculty of Agriculture, Fishery and Biology and the joint research
team of UnivegSitas Bangka Belitung and Bangka Goes Green for their support. Special thanks to the
reviewers for theifyaluable comments on the manuscript.
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