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FOREWORD
Function of the Supplement to the Development Proposal and Environmental
Management Plan
This document provides supplementary information to the Development Proposal
and Environmental Management Plan (DPEMP) prepared to support a Development
Application by King Island Scheelite Ltd (KIS) (‘the Client’) to the King Island Council
(‘the Council]) and the Department of Primary Industries, Water and Environment
(DPIWE). The proposal involves the redevelopment of the previously closed and
rehabilitated scheelite mine to make it a fully operational open pit mine, which has
the potential to develop into an underground mining operation out of the pit bottom.
The proposed redevelopment is a Level 2 Activity as defined by Schedule 2 of the
Environmental Management and Pollution Control Act 1994 (EMPCA).
Level 2 Activities must be referred by the Planning Authority (King Island Council) to
the Board of Environmental Management and Pollution Control (the Board), for
assessment under EMPCA.
The DPEMP aims to provide information about the proposal to the Department of
Primary Industries, Water and Environment (DPIWE), other decision-making
authorities (including Council), and the general public.
The DPEMP document was on public exhibition in Currie from 10th February 2006
until 10th March 2006. The King Island Council (KIC) received 8 representations from
the public and comments from the State and the Commonwealth (Department of
Environment and Heritage) were also received by KIC.
KIS has commissioned SEMF to prepare a Supplement to the DPEMP to respond to
the public submissions and comments received from government agencies. This
document responds to this request.
The Board will use this supplementary information to complete an assessment of the
project in accordance with EMPCA. Following completion of the assessment the
Board will:
•

Notify Council of any conditions or restrictions it requires to be included in the
permit granted by Council; or

•

Direct Council to refuse to grant a permit.

Council will then make a decision on the permit application and if granted, advise the
proponent and the representors, both of whom will have 14 days to appeal the
decision to the Resource Management and Planning Appeals Tribunal.
Structure of this Docume nt
The Supplement is presented in three sections as follows:
Section 1
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•

Public representations;

•

Tasmanian agencies comments; and

•

Department
Commonwealth

of

Environment

and

Heritage,

Section 2

Detailed responses to key issues and additional information where
required.

Section 3

Additional commitments made in this Supplement.
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EXECUTIVE SUMMARY
In the process of compiling this supplement, further information has been gathered to
respond to the submissions as comprehensively as possible. For the most part, the
additional information supports what was described and committed to in the DPEMP.
Where information indicated that further commitments by KIS are required to ensure
a safe and environmentally responsible mine redevelopment, additional commitments
have been made. These 19 commitments are described in detail in this document
and summarised below in Table 1.
During the 28-day public advertising period, 8 representations were received from the
community including a letter with 28 signatures. In addition, comments were
received from the referral agencies: Mineral Resources Tasmania, Department of
Primary Industries, Water and Environment (DPIWE), Department of Environment
and Heritage (Commonwealth) and King Island Council (KIC).
Some of the significant issues raised by the community and referral agencies include,
but are not limited to:
•

Increase understanding of the flora and fauna impacts;

•

Management measures for seabird protection;

•

Safe access to the foreshore and traffic management around Grassy;

•

Mine personnel accommodation;

•

Demand for services;

•

Air quality management;

•

Marine in fauna baseline data and ongoing monitoring;

•

Seawater infiltration into the open pit; and

•

Details about the sea wall construction.

These concerns have been addressed by undertaking further investigations and
consultation with relevant professionals.
The results of the additional flora and fauna surveys conducted in April 2006
generally support information provided in the DPEMP and indicate:
• The impact of building the tailings dam at the old tailings dam site will
result in clearing up to 8 Ha of Melaleuca ericifolia forest and Eucalyptus
globulus King Island forest and up to 3 Ha of the scrub complex. The three
threatened species found in the area of impact also occur upslope from the
area. Therefore by clearing 11 Ha, the development will not result in the
loss of these species from the general area. The 25 Ha of Melaleuca
ericifolia and Eucalyptus globulus King Island forest upslope of the tailings
dam is in excellent condition and supports 5 threatened species. By putting
a covenant on this area, KIS will ensure its long-term protection and offset
the impacts of the proposed tailings dam.
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• Surveys for King Island brown thornbill, King Island scrubtit, green and
gold frog, Perons striped marsh frog and the Southern red snail concluded
that these species are absent from the tailings dam area.
• Penguin and short-tailed shearwater colonies were inventoried and
management measures will be required to ensure their protection. KIS are
committed to ensuring a seabird management plan is produced and
complied with.
A proposed route for access from Grassy to the foreshore, which will provide safe
access for the general community including students of Ballarat Clarendon College,
is provided in this Supplement. It is noted that safe access to shopping etc in Grassy
township will remain the responsibility of KIC, however KIS will ensure that
employees and contractors are fully aware of the need to maintain Grassy as a safe
and pedestrian friendly environment through its Code of Conduct.
A registration of interest indicates that there is a significant amount of
accommodation available on King Island and that King Island community members
are able to provide a good complement of services and to the mine development.
A further investigation of public services on the island including fire protection,
education and health indicates that King Island has supported a larger population in
the past and has the capacity to meet the needs of a larger population as a result of
the mine in the future.
Atmospheric dispersion modelling was conducted by an air specialist from the
DPIWE. In the light of some uncertainties described in the DPEMP, a meteorology
modelling exercise and a separate dispersion simulation modelling exercise for the
representative power sources were undertaken.
Using very conservative
assumptions and data the modelling suggests that elevated emissions can occur,
and are likely to be situated in the near vicinity of the generators. Therefore taller
stacks on the power generators may be justified on occupational health and safety
grounds for workers within the mine boundaries. However, in terms of the
environment and community of Grassy, concentrations are well within limits in the
Grassy region.
The feasibility of constructing the sea wall has been confirmed and the design
engineered by GHD Pty Ltd (GHD) to suit the conditions and requirements of the
development. The construction of the sea wall involves some key elements
including:
•

Geometry of placement;

•

Rate of supply of suitable rock;

•

Shape;

•

Duration of construction; and

•

Seepage control.

The geometry of placement is driven by sediment control. The best method to
achieve this is by rapidly developing the breakwater at the outer edge of the final
landform to provide protected area for development of seepage control measures
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inland of the breakwater. The rate of supply of suitable rock for the breakwater has
been determined to be an average of 35,000 tonnes per month. The initial shape of
the breakwater may change from that depicted in the DPEMP to one which reflects
the natural crescent shape of Grassy Bay. It is proposed to construct the sea wall
from the southern end to provide sheltered conditions north of the wall for other
operations. As the sea wall turns to the north, all core rock placement is in the
direction of the waves rather than against the waves, creating safer construction, and
reducing sediment yield potential. Duration of construction will be limited to 2 years.
Various geometries were modelled to determine the optimum width and height of the
sea wall core and armour and the best geometry was selected on the basis of its
ability to balance the requirements of production rate, ratios of materials, safe
construction height, sufficient width for construction traffic and sufficient armour width
for safe development of the S-shaped beach.
The following table provides a summary of the additional commitments resulting from
this Supplement to the DPEMP for King Island Scheelite Mine Redevelopment.
These additional commitment are the result of the additional investigations and
findings, which aim to respond to the public submissions and referral agency
comments
Table 1: Supplementary Commitments
No.

Commitment Description

1

Coastal geomorphologist to map raised beach.

2

Blasting will be designed and undertaken in accordance with the appropriate
standard(s).

3

Baseline monitoring of rainwater tanks will be undertaken.

4

Transmissivity testing will be ongoing during pit construction.

5

A second marine biological baseline-sampling event will be undertaken in June 2006.

6

Undertake ongoing marine biological monitoring 6-monthly for 3 years.

7

Undertake exotic species survey 6-monthly for 3 years.

8

Weekly inspections of the sea wall will identify areas requiring repair and an incident
report will be completed to ensure repair is undertaken. Note this replaces
commitment 40 in Table 48 of DPEMP.

9

Long-term protection of a suitable offset area will be organised with agreement from
the Forest Protection Authority.

10

Propagation and replanting of Pimelea axiflora will be undertaken in the area under
covenant.

11

A permit to remove threatened species will be attained for Elaeocarpus reticulatus.

12

Develop a Seabird Management Plan prior to commencement of mine activities.

13

No fixed lighting will be directed skyward.

14

Incorporate orange-bellied parrot foraging habitat management in the
Decommissioning and Rehabilitation Plan for the site.

15

KIS will provide information about the final process and flotation reagents when it is
available and prior to commissioning.

16

If tailings contain unsuitable quantities of sulphides and metals as a result of flotation,
these tailings will be managed separately from the gravity tailings and an EMP for acid
sulphate soils will be developed.
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No.

Commitment Description

17

KIS will provide MSDS for all flotation reagents once confirmed and prior to
commissioning.

18

Provide safe access to the foreshore.

19

Sea wall stabilisation and erosion control are objectives of the DRP.
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ABBREVIATIONS
3

mg/m
AADT
ACDC
AGS
AMD
ANZECC
ARMCANZ
AS
ASX
ATPL
BCM
CAP
CAR
CARSAG
CEE
cm
CO2-e
CSM
DA
dBA
DED
DEH
DIER
DPEMP
DPIW
DPIWE
DRP
DTAE
EMP
EMPCA
FPA
FPP
GTN
GTSPOT
ha
Hcl
Hz
KIC
KIS
kL
km
2
km
L
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micrograms per cubic metre
Average Annual Daily Traffic
Assessment Committee for Dam Construction
Above Ground Storage
Acid Mine Drainage
Australian and New Zealand Environment Conservation
Council
Agriculture and Resource Management Council of Australia
and New Zealand
Australian Standard
Australian Stock Exchange
Australian Tungsten Pty Ltd
Bulk Cubic Metre
Corrective Action Procedure
Corrective Action Register
Scientific Advisory Group for the Comprehensive, Adequate
and Representative Private Forest Reserve Program
Consulting Environmental Engineers
centimetre
carbon dioxide emissions
Construction Site Manager
Development Application
decibels, an “A” weighted noise measure.
Department of Economic Development
Department of Environment and Heritage
Department of Infrastructure, Energy and Resources
Development Proposal and Environmental Management Plan
Department of Primary Industries and Water
Department of Primary Industries, Water and Environment
Decommission and Rehabilitation Plan
Department of Tourism, Arts and the Environment
Environmental Management Plan
Environmental Management and Pollution Control Act 1994
Forest Practices Authority
Forest Practices Plan
Great Northern Resources Pty Ltd
DPIWE, Parks and Wildlife database for flora and fauna
management in Tasmania.
hectares
Hydrochloric acid
Hertz, a measure of noise
King Island Council
King Island Scheelite Ltd.
kilo litre
kilometre
square kilometres
litre
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LA90 15 min
LAeq 15 min
LGD
LUPAA
m
3
m
2
m
mm
m/s
M
Mo
MSDS
MR
MRT
NEPM
OH&S
RFA
RMPS
RNE
ROM
SA
SEMF
T
TALC
TAFI
TASI
TasPorts
TDS
THPI
THR
TIA
tpy
TSPA
TSS
TSU
U/G
UGD
vpd
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The “A” weighted noise level that is exceeded 90% of the time
over a 15-minute interval.
The equivalent “A” weighted noise measurement in 15 minute
interval.
Lower Grassy Dam
Land Use and Planning Approvals Act 1993
metre
cubic meters
square metres
millimetre
metres per second
Mega
molybdenum
Material Safety Data Sheet
Mineral Resourc e
Mineral Resources Tasmania
National Environment Protection Measure
Occupational Health and Safety
Regional Forests Agreement
Resource Management and Planning System
Register of National Estate database maintained by the
Australian Heritage Commission
Run of Mill
Special Area
Scientists, Engineers, Managers, and Facilitators Pty Ltd
Tonnes
Tasmanian Aboriginal Lands Council
Tasmanian Aquaculture and Fisheries Institute
Tasmanian Aboriginal Site Index. Maintained by the
Tasmanian Aboriginal Land Council and DPIWE
Tasmanian Ports Corporation
Total dissolved solids, a measure of solid material dissolved
in a water column (mg/L).
Tasmanian Historic Places Index, maintained by the Cultural
Heritage Branch of DPIWE
Tasmanian Heritage Register, maintained by the Tasmanian
Heritage Council, DPIWE
Traffic Impact Assessment
tonnes per year
Threatened Species Protection Act
Total suspended solids, a measure of solid material
suspended in a water column (mg/L).
Threatened Species Unit, DPIWE
Underground eg. underground mine
Upper Grassy Dam
Vehicles Per Day
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1

SUMMARY OF REPRESENTORS & COMMENTS

1.1

Public Representations

During the 28-day public advertising period, 8 representations were received from the
community. A summary of the issues presented in each representation is provided in
the following sections and tables, with cross-references to the sections of this report,
which address the issue in detail.
1.1.1

Tasmanian Conservation Trust

The Tasmanian Conservation Trust (TCT) supports the advice of A. Welling (2006)
that reducing the full supply level of the tailings dam to the 30m contour would avoid
impacting upon all three threatened vegetation communities including King Island
Eucalyptus globulus forest, Melaleuca ericifolia swamp forest and King Island scrub
complex. Refer to Section 2.6 for additional information regarding this issue.
In addition, the TCT requests more information regarding the quality of the water that
will discharge to the ocean and the significance of any impacts of this activity. Refer
to Section 2.3 for more information about this issue.
1.1.2

Birds Australia

Birds Tasmania indicates that the bird lists provided in the KIS DPEMP may be
under-representative and inaccurate. Birds Tasmania has provided a map indicating
four short-tailed shearwater colonies. Specifically, the implications of the presence of
short-tailed shearwater and little penguin colonies require investigation. In order to
address this issue a survey of the colonies was undertaken in April 2006. A
summary of the survey results is provided in Section 2.7 and the detailed report is
provided in Appendix A.
Birds Tasmania recommended several management measures including:
• Confine blasting to the non-breeding season for little penguins and
shearwaters due to the potential impact on the breeding colonies;
• Provide cat and dog proof fencing on the existing breakwater, nearby
colonies and other locations should colonies become established;
• Provide method to minimise impact of potential oil spill associated with
the mine operations; and
• Investigate existing (unpublished data) and establish a long term
monitoring program to assess the penguin population in the area using
standard monitoring techniques.
Refer to Section 2.4 for further discussion of these issues.
1.1.3

Ballarat Clarendon College

Ballarat Clarendon College (BCC) has concerns regarding amenity and has outlined
some specific conditions that should apply to the mine redevelopment.
May 2006
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With respect to mine traffic, which may adversely affect student safety, the following
measures were recommended:
•

Safe town water quality and supply (refer to Section 2.3);

• Safe access by foot and bicycle to the littoral environment and Grassy
Harbour (refer to Section 2.14);
• Safe access by foot and bicycle to shopping Grassy township, this
may include establishment of pedestrian crossings and other road
infrastructure and monitoring to ensure adequacy (refer to Section 2.14);
• Safe bicycle access to Currie via the Currie – Grassy Road (refer to
Section 2.14);
• Dust composition from the mine operations should be analysed and if
safe, dust management should be established (refer to Section 2.8);
• Strict controls on solid waste management from the mine (refer to
Section 2.10);
• Baseline environmental data collection and ongoing monitoring on
which mine satisfactory or unsatisfactory mine operation can be based
(refer to Sections 2.3, 2.4, 2.6, 2.7, 2.9 and 2.13);
•

Establish police presence in Grassy (refer to Section 2.15);

• Community Code of Conduct for KIS and KIS employees agreed with
the Grassy community (refer to Section 2.15);
• Formal complaints process which involves an independent body to
rule on breaches of permit conditions and agreed Code of Conduct (refer to
Section 2.15).
The BCC acknowledges the benefits related to commercial/industrial investment on
King Island. In the case of the college benefits would relate to students gaining an:
• Understanding of the environmental and industrial complexities of the
mining enterprise; and
• Introduction to the industrial processes from an engineering
perspective.
1.1.4

Members of the Public

The following table provides a summary of letters received from the public. The
letters are referenced by the date they were sent. Where additional information is
provided to respond to the comments and questions, a reference to the location in
this supplement is provided.
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Table 2: Public Submissions relating to Environmental & Social Issues

Letter Reference

Nature of the Submission

Letter dated 6th Feb 2006

There should not be any impacts on the residents of Grassy as a result of the mine and
associated operations with respect to: noise, dust and air quality, lighting and reflections,
motor vehicles and transport, machinery and equipment, odour, sewage and other toxins,
reduction of property values.

All sections

A relocation compensation package should be considered if impacts from mine operations
cannot be minimised to the satisfaction of Grassy residents.

2.15

Letter dated 19th Feb 2006

Provisional support for the mine proposal if the application is conditional upon agreement
between the proponent and various stakeholders for phasing in Grassy Port expansion by
utilising the overburden to provide a suitable breakwater.

2.15

Letter dated 27th Feb 2006

Economic Impacts

May 2006

Refer to Section for
more Information

1-3. DPEMP does not address adequately the impacts and compensations to the majority
of established Grassy residents.

2.15

4A. Royalties from KIS should be directed to road improvement as a result of the extra
traffic and deterioration of roads.

2.15

4B. KIS needs to demonstrate that adequate housing for employees will be provided.

2.15

5. Demonstrate that the workforce will not negatively impact on services and local industry.
Demonstrate where the workforce will come from on King Island and from off island.

2.15

6. Cost/benefit study

2.15

7. Assess the mine’s impact on the “clean and green” appeal and marketing image of King
Island

2.15
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Letter Reference

Nature of the Submission

Refer to Section for
more Information

Island
Social Impacts
1. Increased demand on existing services (education, health etc) should be dealt with by
KIS.

2.15

2-3. Increased demand on shipping, air services, postal etc should be dealt with by KIS.

2.15

4. Noise impacts on local residents from nighttime shift workers.

2.15

5. Responsible agent for the Code of Conduct and enforcement

2.15

6. Impact of mining culture on Ballarat Clarendon College students.

2.15

Cultural & Aesthetics Impacts
1. Provision of methods to integrate off island workers into island life.

2.15

2-3. Concern regarding impact on visual amenity from sites around the mine.

2.13

Environmental Impacts
1. Solid waste disposal management
2. Rehabilitated tailings dam visual impact from Grassy and the potential for noise and
dust pollution from this location. Risk of dam failure would impact Grassy Bay.

May 2006

2.10
2.13 and 2.12

3. Water quality management.

2.3

4. Air quality management and the use of alternative fuels to diesel.

2.8
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Letter Reference

Letter dated 7th Mar 2006

Letter dated 8th Mar 2006

1.2

Nature of the Submission

Refer to Section for
more Information

5. Air quality management with respect to: dust management; impacts on rainwater;
respiratory ailments; and mercury content in dust and water.

2.8

6. Noise from fully operating mine and blasting noise.

2.9

7. Reason for not going underground.

2.2

1-2. Potential impact of dust on rainwater quality in Grassy and the UGD catchment.

2.3

3. Support for the potential to expand Grassy Port by utilising the overburden to provide a
suitable breakwater.

2.15

Water Quality – Request for more existing water quality information in UGD, LGD, tailings
dam and Grassy Bay to be determined and ongoing monitoring performed.

2.3

Water quantity – Demonstrate that Grassy community water demands will not be impacted.

2.3

Referral Agencies-Comments

A summary of comments from the referral agencies, which reviewed the DPEMP, was provided by the DPIWE and is provided in Appendix B.
Comments are summarised by agency below.
1.2.1

Department of Infrastructure, Energy and Resources – Mineral Resources Tasmania

The Mineral Resources Tasmania (MRT) was provided with a copy of the DPEMP and has provided comments on relevant sections of the
DPEMP as a part of the State review process. Supplementary information is provided in this document to respond to the comments. The
following table identifies the issues, comments and sections in this report where further information is supplied.
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Table 3: MRT Comments Relating to Environmental Issues

DPEMP
Chapter

Issue

Additional information required

5.4.1

Hydrology

Further investigations of the transmissivity of the Grassy Fault should be
undertaken once mining commences to determine potential effects of mining on
groundwater.

2.3

5.11

Vibration

Blast modelling should be undertaken to determine potential impacts on
surrounding area.

2.2 and 2.9

1.2.2

Refer to Section for
more Information

Department of Primary Industries, Water and Environment – Environment Division

The DPIWE Environment Division was provided with a copy of the DPEMP and has provided comments on relevant sections of the DPEMP as
a part of the State review process. Supplementary information is provided in this document to respond to the comments. The following table
identifies the issues, comments and sections in this report where further information is supplied.
Table 4: Environment Division Comments Relating to Environmental Issues

DPEMP
Chapter

Issue

Additional information required

5.4

Noise

More background environmental noise monitoring and an estimate of how much of
the time that the noise from the operation would dominate the acoustic
environment at Grassy is needed. It may be possible to monitor both noise levels
and meteorology for about four weeks and then, by correlating the noise levels
with various wind conditions, extend the results over one year.

5.5

Marine
Fauna

May 2006
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DPEMP
Chapter

Issue

Additional information required

Refer to Section for
more Information

5.10

Pollution
Dispersion

Dispersion modelling of exhaust emissions should be undertaken.

2.8

5.11

Water

Tailings dam must be referred to Assessment Committee for Dam Construction for
consideration in relation to engineering and dam safety.

2.1

Exec.
Summary

Social
and The executive summary includes the statement “$5 to $8 million in salaries, much
Economic Benefits of which will be spent on King Island”.

Noted

This statement refers to annual salaries as described in DPEMP, Section 8.4.1.
2.6.1

Dewatering

Is there a risk of reducing water flows into the Upper Grassy Dam (UGD) as a
result of dewatering the open pit and if so what contingency measures will be put
in place? Similarly, is there a risk that such impacts would impact environmental
flows of the river?

2.3

5.4.3

Seawater
infiltration

Given the proximity of the resource to the sea, is there a risk that seawater will
infiltrate the pit and if so what impacts on the tails dam and the overall water
management might need to be addressed?

2.3

2.6.1

Dewatering

The rate of initial dewatering and subsequent removal of water inflows are given
the same estimate of 200 l/s. It is stated that water resulting from dewatering the
pit will be stored in LGD for later use in the beneficiation processes. Won’t the
LGD overflow and what flow rate will pass on to the beach? (The volume of water
in the existing pit is given as 200,000 m3 whereas the volume of the LGD is given
as 124,335KL.)

2.3

2.2

Pit Water quality

Reference is made to Mo levels, should provide a table giving full water analysis
results, (or refer to a table elsewhere in the document).

2.3
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DPEMP
Chapter

Issue

Additional information required

Refer to Section for
more Information

2.3.1 and Lower
Grassy How will the reclamation impact on the passage of water overflowing from LGD to
beach via existing wetland? How will erosion at the “toe” of the reclamation sea
Figure 5
Dam outflow
wall be controlled where the wetland overflows the beach? What would the
maximum flow rate be of this overflow during storm events and/or during pit
dewatering?

2.3

2.3.5

Domestic
wastewater

If KIS do assist the local community by further treating local domestic sewage,
how will this arrangement be continued after mine closure?

2.3

2.3.5

Water Supply

If actual water usage exceeds predictions and so UGD is drawn upon more than
predicted, what contingency is there to ensure water supply to the town? During
drought would the mine reduce usage?

2.3

2.6.1

Pit Water Quality

Reference is made to Cu and Mo levels, should provide a table giving full water
analysis results, (or refer to a table elsewhere in the document).

2.3

2.6.1 and Process
Figure 9
Description

If flotation is used to remove sulphides, what proportion of the total tails will this
portion represent, what acid generating potential will this material have and what
metals would this contain? These questions would then lead to considering
whether or not disposal of the flotation product should be managed separately
from the gravity tails.

2.11

2.8.2

The DPEMP indicates that choice of flotation reagents is not yet certain. Not all
flotation reagents used in metalliferous minerals processing are as
environmentally benign as the examples given.

2.11

May 2006
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1.2.3

Department of Primary Industries, Water and Environment – Resource Management & Conservation Division

The DPIWE Conservation Branch was provided with a copy of the DPEMP and has provided comments on relevant sections of the DPEMP as
a part of the State review process. Supplementary information is provided in this document to respond to the comments. The following table
identifies the issues, comments and sections in this report where further information is supplied.
It is noted that the Conservation Branch generally supports the development proposal. Three issues were raised, the need for a
geoconservation assessment of a portion of the area, the development of management plans for seabirds and provision of a Eucalyptus
globulus vegetation community offset area to accommodate for the clearing of a portion of this community.
Table 5: Conservation Branch Comments Relating to Environmental Issues

DPEMP
Chapter

Issue

Additional information required

5.7

Flora

Information regarding the impact of the proposal on Hedycarya angustifolia and
Pimelia axiflora.

2.6

5.7

Flora

More detailed consideration of mitigating impacts on Eucalyptus globulus KI forest,
Melaleuca ericifolia swamp forest and KI scrub complex.

2.6

5.7

Flora

Consideration of revegetation of offsite area of salt marsh to replace potential food
source for Orange Bellied Parrot.

2.6

5.8

Fauna

Survey to determine presence/absence of Little Penguins in area of foreshore that
will be reclaimed.

2.7

5.8

Fauna

Information, including targeted surveys, to determine presence/absence of KI
brown thornbill, KI scrub tit, green and gold frog, Perons striped marsh frog,
Southern red snail and KI potoroo.

2.7

5.3.1

Land

Geoconservation survey of raised beach and associated relict dune complex in
southern exposure of mine.

2.2
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DPEMP
Chapter

Issue

Additional information required

Refer to Section for
more Information

southern exposure of mine.
5.3.1

Land

Information on outlook for the site post-mining, including potential affects of sea
level rise.

2.2 and 2.5

5.6

Wave modelling

Modelling of wave and vector currents should be undertaken to determine most
stable configuration for sea wall.

2.5

1.2.4

Department of Primary Industries, Water and Environment – Marine Resources Division

The DPIWE Marine Resource Division was provided with a copy of the DPEMP and has provided comments on the DPEMP as a part of the
State review process. Supplementary information is provided in this document to respond to the comments. The following table identifies the
issues, comments and sections in this report where further information is supplied.
Table 6: Marine Resource Division Comments Relating to Environmental Issues

DPEMP
Chapter

Issue

Additional information required

2.7.1

Decommissioning

Include “control erosion of sea wall” to list of decommissioning objectives.

2.16

5.2.1

Construction

Insufficient information on construction of sea wall and reclamation.

2.11

5.4.4

Hydrology

In terms of methodology, the ‘visual monitoring’ mentioned in this section needs to
be elaborated on. It is requested that the DPEMP specify a program that involves
obtaining turbidity meter measurements taken at several points within the bay on a
weekly basis.

2.3

5.15.1

Hazardous
Materials

It is noted that the detail regarding construction of the diesel pipeline and
mitigation strategies regarding pipeline breach will be provided if this alternative

Noted
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DPEMP
Chapter

Issue

Additional information required

Materials

(fixed diesel pipeline) is selected.

Refer to Section for
more Information

KIS are committed to providing details regarding the construction of a diesel
pipeline and mitigation strategies regarding pipeline breach if this alternative is
selected.
6.7

Decommissioning

It is recommended that maintaining the structural integrity of the sea wall be added
to the list of 5 broad rehabilitation tasks.

2.16

7.1

Monitoring

It is noted that the DPEMP commits to consultation with DPIWE regarding the
monitoring program for marine flora and fauna and coastal processes. Information
on the specifics of what will be monitored, agreed methodologies for sampling and
reporting, and the agreed frequency of monitoring should ideally be included in the
DPEMP.

2.4

App I

CEE Report

Comparative analysis of monitoring data should be undertaken and presented
graphically (using cluster analysis, MDS plots, etc) to clearly show differences
between sites. The report should also contain an appendix of raw data collected
from the surveys i.e. species lists showing abundance and diversity.

2.4
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1.2.5

Department of Environment and Heritage – Commonwealth

The Department of Environment and Heritage (DEH) was provided with a copy of the DPEMP to support the Application to reclaim land under
the Sea Dumping Act 1981. DEH have provided comments on the DPEMP as a part of their application review process. Supplementary
information is provided in this document to respond to the comments provided. The following table identifies the issues, comments and
sections in this report where further information is supplied.
Table 7: DEH Comments Relating to Environmental & Economic Issues

DPEMP
Chapter

Issue

Additional information required

1.3

Map Presentation

Additional detail is required (such as an over-lay/map of the resource and physical
landscape) to provide context within the landscape (referring to Figures 2 and 8 for
this information is not satisfactory).

2.2, Figure 1

1.3

Map Presentation

The proposed mining lease boundaries should be shown.

2.2, Figure 2

1.8

Consultation

Table 6 should indicate how issues raised through the public consultation process
have been or will be addressed.

2.16

2.3.7

Sea Wall

Further technical detail is required (additional to the brief explanation provided in
sections 2.3.7 and 2.3.8) on the construction method and the predicted stability of
the sea wall.

2.11

2.3.7

Sea Wall

Further technical detail/ opinion is required (additional to the information provided
in sections 2.3.7 and 2.3.8) to explain why seawater is likely to breach the pit
following pit extension seaward.

2.11

2.3.7

Resource

Noting that SEMF anticipate the pit extension to be within 20 m of the shoreline
between 5 and 7 years from commencement of operations, additional information
is required on what percentage of the resource would remain at that point.

2.2

May 2006
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DPEMP
Chapter

Issue

Additional information required

2.3.8

Visual impact

The DPEMP should include a visual impression of the landscape of the sea
disposal site, similar to that provided for the on-shore disposal options.

Refer to Section for
more Information
2.13

It is noted that the visual impression was provided in Figure 21 of the DPEMP.
2.6.1

Figure 9

Figure 9 is mislabelled as Figure 8.

2.8.3

Acid potential

Further discussion and quantification is required for the statements: “does not
contain any significant amount of rock mass containing metal sulphides” and “very
small proportion of acid producing rock” in the DPEMP. While Appendix G
contains technical details regarding metal sulphides and acid-producing rock, it
does not adequately address these issues.

2.11

3.4.3

Land – geological
tectonics

Additional information is required concerning the physical and environmental
impacts from a seismic event, considering the sea wall crosses the fault line, as
there appears to be potential for significant environmental impacts that need
consideration as part of the assessment.

2.11

3.4.3

Acid potential

Discussion on the impacts of acid producing rock on the marine environment
should be expanded to include details of any chemical analyses. Appendix G does
not address this issue.

2.11

3.4.5

Dust

This section should be expanded to include the impact of dust on the marine
environment (in addition to the human environment), which is not addressed in
Appendix I.

2.8

5.2

Blasting

Further discussion is required on the environmental impacts of blasting (used to
remove coarse rock overburden), including the use of potential contaminants (eg
heavy metals) in blasting materials.

2.2
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DPEMP
Chapter

Issue

Additional information required

5.5.4

Sea Wall

Further discussion is required on mitigation measures to address erosion/
instability of the sea wall and its potential impact on marina biota.

2.11 and 2.4

5.6

Coastal processes

Additional information is required to clarify the likely impacts of the changed
shoreline configuration (as a result of the sea wall construction and reclamation)
on coastal processes (including off-site impacts).

2.5 and 2.11

6.8.6

Overburden

Appendix G (Waste Rock Assessment) has been mislabelled as Appendix H
(Hydro-geological Assessment).

Noted

6.8.6

Overburden

Maps and coordinates depicting the locations and depths of drill cores should be
provided.

2.11

6.8.6

Overburden

Additional information is required regarding what ‘suitable time’ is proposed for
stability monitoring for the sea wall considering the erosive force of wave action is
continuous.

2.16

8

Economic issues

While noting the information at section 8 of the DPEMP and at Appendix T,
additional information is required on employment, capital investment and flow-on
effects for each of the over-burden disposal options. The economic benefits of the
alternatives will need to be considered.

2.15

9

Marine water

Under Commitment 34 in table 48 clarification is needed on what turbidity
monitoring should be undertaken and why, what trigger levels would be set and
the management responses for high readings. Additional information should be
collected and presented on baseline turbidity levels.

2.3

9

Sea Wall

Under Commitment 35 in table 48, additional information is needed on the
management responses for the establishment of exotic species on the sea wall.

2.4
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DPEMP
Chapter

Issue

Additional information required

9

Sea Wall

Under Commitment 38 in table 48 clarification is needed on trigger levels and what
actions would be taken in the event of significant sea wall erosion.

2.5

9

Sea Wall

Under Commitment 39 in table 48 clarification is needed on how ‘regular’ will be
the intended inspections of the sea wall for signs of erosion, and the method
proposed to undertake these inspections.

2.5 and 2.16

9

Coastal Processes

Under Commitment 40 in table 48 terms such as ‘as soon as practical’ and
‘managed appropriately’ should be replaced by quantifiable commitments.

2.5

Appendix I Marine
Environment

Details of the articles cited in Appendix I should be provided in full. Furthermore,
there should be a list of references provided at the end of Appendix I.

2.5

Appendix I Figure

It is suggested that Appendix I provide a visual representation of the direct
footprint of the proposed reclamation (i.e. a map), as well as reference to coastal
process studies to identify a zone of possible off-site impacts.

2.5

Appendix I Marine
Environment

Additional information is required to clarify how far out to sea the sand, derived
from material previously deposited, extends. This information should inform an
assessment of likely erosion, sedimentation and other impacts from the sea wall.

2.5

Appendix I Marine
Environment

Section 5.3.2 in Appendix I refers to, but does not provide ‘results of infauna
sampling’. Further information is required to assess the potential impacts of the
activity on the in faunal community in the seabed.

2.4

Appendix I Marine
Environment

Additional information/citation is required to substantiate the conclusion that
habitats in Grassy Bay are represented by similar habitats at many locations
around southeastern King Island.

2.4
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1.2.6

King Island Council

The Council was provided with a copy of the DPEMP and has provided comments on the DPEMP as a part of the local government review
process. Supplementary information is provided in this document to respond to the comments. The following table identifies the issues,
comments and sections in this report where further information is supplied.
Table 8: Council Comments Relating to Social and Economic Issues

DPEMP
Chapter

Issue

4.3.2

Resource
A full assessment against the State Coastal Policy.
Management and
Planning System

2.2

5.17

Visual
considerations

2.13

8.1

Existing social and An analysis of additional transport requirements to the island resulting from the
economic
construction and ongoing operation of the mine including additional flights and the
environment
capacity of the airport and existing service providers to meet these requirements.

2.14 and 2.15

8.1

Existing social and An outline of the approach to providing local services and facilities within the
economic
township of Grassy including local shops, petrol stations, etc.
environment

2.15

8.3

Employment

Details on impacts of proposal on other employment sectors on King Island.

2.15

8.3

Employment

Analysis of capacity of existing infrastructure to deal with increase in population,
particularly with respect to hospital, educational, law enforcement and fire
services.

2.15

May 2006
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DPEMP
Chapter

Issue

8.5.1

Housing
and Accommodation strategy which provides details on construction and on-going
operational phase of redevelopment; examines current take up of existing rental
accommodation
properties; identifies location of any new housing stock or subdivisions required;
what existing housing stock will be upgraded/redeveloped; whether there are likely
to be upgrades in existing infrastructure required to facilitate the accommodation
strategy; and whether there is sufficient existing short term accommodation to
provide for both mine and existing tourist demand.

May 2006
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2

DETAILED RESPONSES AND SUPPLEMENTARY INFORMATION

2.1

Construction

2.1.1
•

Submission Issues

Tailings dam must be referred to Assessment Committee for Dam
Construction (ACDC) for consideration in relation to engineering and dam
safety.

2.1.2

Response

An application will be submitted to the ACDC for approval following completion of the
tailings dam design. The conceptual design details as shown in the DPEMP have
been provided to the ACDC.
2.2

Land (Geology, Topography, Coastal Landform & Soils)

2.2.1

Submission Issues

The DPIWE “accepts that the metamorphic geology involved means that waste rock
from the mine can be used for the reclamation without great concern” regarding acid
mine drainage (AMD) potential. In addition, the DPIWE “accepts that the geology is
such that AMD should not be a problem”.
•

Additional figures illustrating the resource in relation to local topography and
mining and property boundaries.

•

A geoconservation survey of the raised beach and associated relict dune
complex in southern exposure of mine will be undertaken to provide a
permanent record of the formation and its conservation value.

•

Information on the outlook for the site post-mining, including potential affects
of sea level rise.

•

Reason for not going underground.

•

Down hole blasting will occur as a part of the open pit mining and pit
expansion. Blast modelling should be undertaken to determine potential
impacts on surrounding area. In addition, further discussion about the
environmental impacts of blasting (used to remove coarse rock overburden),
including the use of potential contaminants (eg heavy metals) in blasting
materials.

•

Additional information about what percentage of the resource will remain
when the pit extension is within 20 m of the shoreline, between 5 and 7 years
from commencement of operations.

•

Full assessment against the State Coastal Policy.
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Page 18

DPEMP SUPPLEMENT
King Island Scheelite Mine Redevelopment

2.2.2

Response

Resource, Mining Lease and Property Boundaries
The following figures are provided in response to comments received by agencies
including the Department of Environment and Heritage (DEH) and the Department of
Primary Industries, Water and Environment (DPIWE).
Figure 1: Resource and Topographical Landscape

Figure 2: Mining Lease Boundaries & Proposed Access Track

Figure on next page.
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Figure 3: Cadastral Property Boundaries
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Geoconservation
It was noted by the conservation branch of DPIWE that records in unpublished
DPIWE documents exist of a raised beach in the southern exposure of the existing
open pit. Raised beaches commonly occur along the coast of King Island but the
significance of the formation in the mine pit will be determined and documented.
Therefore, KIS will ensure that the raised beach and associated relict dune complex
in the southern exposure of the mine is surveyed by a qualified coastal
geomorphologist prior to disturbance1. The survey will provide a permanent map and
text record of the formation, establish the geoheritage significance of the raised
beach deposits, and make recommendations for any management measures to be
applied to the area.
Dixon (1994) adopted the following definition of significance.
“The assignment of significance to a feature is determined by two groups of criteria:
(a) The importance of the feature in displaying past and present geological,
geomorphic and pedalogical processes and allowing analysis of the evolution
of a region; and
(b) The contribution the feature makes to defining the physical characteristics of
a region.”
Since raised beaches are very common throughout King Island it is noted that this
beach is unlikely to have special significance.
Sea Level Rise
Predictions regarding the impact of climate change in Tasmania have been
conducted based on the Intergovernmental Panel on Climate Change (IPCC). The
“Business as Usual” scenario predicts that a sea level rise of between 3 and 15 cm
could be expected in the next 10 to 15 years (i.e. the life span of the mineral
extraction operation). This is an increase of approximately 6cm per decade (i.e.
between 3 to 10cm for best and worst case scenarios).
It is anticipated that storm surge along this coastline may result in the worst case
scenario for sea level rise, since the principle force acting on the coastline is wind
generated storm waves. The predicted 15cm rise is relatively small and should have
little noticeable encroachment of the sea on the shoreline. No significant inundation
is therefore predicted to occur.
Despite the fact that sea level rise is not considered to be a significant issue, the
precautionary principle will be adopted with respect to the provision of protection
measures. No access to, or mining of the beach zone will occur prior to construction
of the sea wall and significant completion of reclamation to minimise the impact of the
mining operation on the marine environment, as well as to limit the impact of any
potential sea level rise on the mining operation. Hence, the creation of the sea wall

1

Commitment: Coastal geomorphologist to map raised beach.
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and the 20 to 30m high reclamation will minimise the vulnerability of the area to sea
level rise.
Underground
The mine was mined as an open pit until 1974, when it proceeded underground and
continued until 1990. Due to the flooding of the underground workings when the
mine was decommissioned in the early 1990s, the stability of the workings is likely to
be in doubt and the time and cost of immediate recovery prohibitive. Therefore it is
not in the interest of KIS to proceed with underground mining in the short term. In the
longer term, in parallel with the open cut mining, the underground mine can be
progressively dewatered and entry and recovery of the mine carried out. This is
discussed in Section 1.3.2, of the DPEMP.
Blasting
As indicated in the Development Proposal and Environmental Management Plan
(DPEMP) (SEMF 2006) Section 5.11, blasting will be undertaken to the Australian
Standard by a reputable contractor that has the appropriate licenses to undertake the
work and ensure proper transport and storage of all explosives and associated
equipment.
As part of the preparation for operations the United States Bureau of Mines (USBM)
"conservative" prediction formulae approach, i.e. calculate expected vibration levels
from typical blast designs proposed for the mine will first be applied. If this
preliminary work indicates that there are potential vibration issues then further site
specific work (i.e. trial blasting) would be necessary to collect data on which site
specific prediction formulae to minimise noise and vibration from pit blasting activities
can be based (pers. comm. Tucker 2006).
Full compliance with Australian Standard 2187.2-1993: Explosives – Storage,
Transport and Use – Use of Explosives will be achieved and controls recommended
by the Best Practice Environmental Management in Mining (EA 1998) will be utilised.
Blasting will meet the requirements of the ‘Sensitive’ category in the Draft Australian
Standard DR 04062 (or equivalent) 2.
This standard outlines environmental
guidelines for human comfort and structural damage.
Explosive specialist from Orica were consulted regarding the potential for
environmental impacts of blasting. Most detonators used in Australia contain lead in
the delay elements and the primary initiating charge, Lead Azide. This relatively
small heavy metal content (a few grams of lead in each detonator) has never been
an issue for Orica in Australia. Orica can provide an alternative detonator, the "ikon", which is an electronic initiation system that does not utilise lead delay elements.
It is noted however, this alternative was driven by its technical merits rather than a
requirement to develop a lead free detonator (pers. comm. Tucker 2006).

2

Commitment: Blasting will be designed and undertaken in accordance with the appropriate
standard(s).
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Resource
As described in the DPEMP, it is proposed to deepen and extend the existing open
pit mine approximately 100m deeper and 250m seaward (to the east). The open pit
will be excavated in stages. The first stage (Starter Pit) may be up to 100m deep and
take approximately four years to complete. The pit will extend approximately 250m
seaward (to the east). The second stage will begin in year 2 or 3 and will be
completed in year 8 to 10 of the operation. It is expected that open cut mining will
proceed deeper after year 8 or 10, and for up to 10 more years. The final and
detailed mine plan will be developed in the period up to the commencement of mining
operations.
The percentage of the resource that will remain after the first 5 years of operation will
be approximately 75% and, after 10 years, approximately 50% of the resource will
remain.
State Coastal Policy
In the assessment of the KIS mining proposal, the State Coastal Policy (SCP)
clauses were reviewed and the relevant clauses given further consideration. The
summary of the assessment is provided in Table 9.

Table 9: State Coastal Policy Assessment
Clause

Sustainable Development and Resources

Assessment

2.1.1

“The coastal zone shall be used and
developed in a sustainable manner subject
to objectives, principles and outcomes of
this Policy. It is acknowledged that there
are conservation reserves and other areas
within the coastal zone which will not be
available for development.”

The
DPEMP
provides
for
sustainable development of the
mineral resource within the coastal
zone.

2.1.2

“Development proposals will be subject to
environmental assessment as and where
required by State legislation including the
Environmental Management and Pollution
Control Act (EMPCA) 1994.”

The proposal has undergone
environmental
assessment
reported on in the DPEMP and this
Supplement.

2.1.3

“Siting,
design,
construction
and
maintenance of buildings, engineering works
and other infrastructure, including access
routes within the coastal zone will be
sensitive to the natural and aesthetic
qualities of the coastal environment.”

The siting, design and construction
of buildings etc. is and will continue
to be very considerate of the
environmental issues and coastal
environment. Refer to the DPEMP
for details.

2.1.4

“Competing
demands
for
use
and
development in the coastal zone will be
resolved by relevant statutory bodies and
processes…”

KIS is aware of the potential for
port expansion and fisheries issues
in the area and will cooperate with
all relevant stakeholders.

2.1.5

“The precautionary principle will be applied
to development which may pose serious or
irreversible environmental damage to

The DPEMP and this Supplement
provide strategies to avoid and
mitigate potential adverse effects.
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Clause

Sustainable Development and Resources

Assessment

irreversible environmental damage to
ensure that environmental degradation can
be avoided, remedied or mitigated.
Development proposals shall include
strategies to avoid or mitigate potential
adverse environmental effects.”

mitigate potential adverse effects.

2.1.6

“In determining decisions on use and
development in the coastal zone, priority will
be given to those which are dependent on a
coastal location for spatial, social, economic,
cultural or environmental reasons.”

The resource is located in the
coastal zone and determines the
location of the mine and associated
infrastructure.

2.1.7

“New industrial developments will be
encouraged to locate in specified industrial
zones.”

The area previously operated as a
mine and is adjacent to the port,
which is a light industrial zone.

2.1.8

“Extraction
of
construction
materials,
minerals, oil and natural gas deposits in the
coastal zone will be allowed provided
access is allowed under the provisions of
the Mining Act 1929.”

Access to the mine site must be
limited for safety reasons however
public access from the township to
the foreshore will be provided.
Refer to Figure 2.

2.1.10

“Extraction will be subject to the Quarry
Code of Practice and environmental
assessment as required by State legislation
including the Environmental Management
and Pollution Control Act 1994. Adequate
rehabilitation shall be carried out.”

The DPEMP discusses compliance
with the Quarry Code of Practice,
EMPCA 1994 and provides a
preliminary rehabilitation plan.

2.1.16

“Water quality in the coastal zone and in
ground water aquifers will accord with the
requirements and guidelines established by
the
Environmental
Management
and
Pollution Control Act 1994 or the
Environment Protection (Sea Dumping) EP
(SD) Act 1987 (as appropriate) and any
other relevant State and Commonwealth
Polices and statutes.”

Water quality will be monitored
prior to entering the sea to ensure
requirements and guidelines are
met.
In addition, groundwater
monitoring will be established as
required.

2.1.17

“Waste discharge in to the coastal zone,
including offshore waters, or likely to affect
groundwater aquifers, must comply with
provisions of the EMPCA 1994 or the EP
(SD) Act 1987 (as appropriate) and any
other relevant State and Commonwealth
Polices and statutes.”

The proposed reclamation will
comply with the provisions of
EMPCA 1994 and the EP (SD) Act
1987. In addition, any discharge
from the tailings dam, in the case of
a flood event, will comply with
these provisions.

2.1.18

“Where oil pollution occurs in the coastal
zone, and, or, offshore areas, the National
Plan to combat Pollution of the Sea by Oil,
Tasmanian Supplement, will apply. Efforts
to prevent or mitigate maritime accidents
and pollution shall be based upon relevant
ANZECC and other guidelines.”

KIS will endeavour to prevent or
mitigate maritime accidents and
pollution when it pertains to KIS
activities.

Provided suitable strategies to avoid, remedy or mitigate potential adverse
environmental effects are fully implemented, the KIS development will remain
May 2006
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consistent with the SCP. The strategies to prevent adverse environmental effects
are described in the DPEMP (SEMF 2006) and this Supplement. KIS are cognisant
of the potential to leave the local environment with a net improved condition relative
to the present condition and will strive to achieve this.
Based on this assessment it is determined that the proposed open pit mine is
consistent with the intent of the SCP.
2.3

Hydrology (Stormwater, Watercourses, Groundwater & Marine)

2.3.1

Submission Issues

•

The TCT requests more information regarding the quality of the water that will
discharge to the ocean and the significance of any impacts of this activity.

•

The community of Grassy and the BCC (college) depend on rainwater
storage for drinking water, (particularly when algal blooms occur between
January and May). Therefore concern was raised about the potential for the
rainwater quality in Grassy and the UGD catchment being diminished due to
dust from the mine. A member of the public has requested more data regarding
existing water quality in UGD, LGD, tailings dam and Grassy Bay and ongoing
monitoring to be performed. In addition, it needs to be demonstrated that
Grassy community water demands will not be impacted by the development.

•

In the DPEMP, it was proposed that water from the tailings dam would drain
into the Lower Grassy Dam (LGD) from which water would be drawn to use in
the mineral processing plant thus reducing water consumption by recycling
water. However, the State Policy on Water Quality Management (1997)
determines that it is not appropriate to utilise an in-stream dam on a natural
watercourse as part of a process water treatment cycle. The State Policy
objective is to “focus water quality management on the achievement of water
quality objectives which will maintain or enhance water quality and further the
objectives of Tasmania's Resource Management and Planning System”. In
order to achieve this objective, DPIWE considered it was not appropriate to
discharge water from the polishing pond to the LGD. Therefore the water
management proposal has been revised to remove the LGD from the process
water treatment cycle. The proposal is described below in Section 2.3.2.
Several other queries were raised by the Environment Division relating to the
hydrology of the mine area. They are identified in Section 1.2.2 of this report
and are addressed below in Section 2.3.2.

•

Specify a program that involves obtaining turbidity meter measurements
taken at several points within the bay on a weekly basis.

•

MRT has indicated further investigations of the transmissivity of the Grassy
Fault should be undertaken once mining commences to determine potential
effects of mining on groundwater. This will address P. Dyson’s notes:
o
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“It is possible that de-watering may have some impact on base-flows
in some streams immediately north of the mine particularly if mining
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operations extend to include potential high transmissivity shear zones
associated with the Grassy Fault;” and

2.3.2

o

“Dewatering operations can be expected to produce the same
hydraulic relationships between the mine and the surrounding
landscape as existed when the mine operated previously. No
apparent detrimental effects on groundwater have been noted in areas
adjacent to the mine as a result of previous mining…”

o

Refer to Appendix H of DPEMP, SEMF 2006 for the full report by P.
Dyson.

Response

Environmental Water Quantity
Since the DPEMP, a new proposal to use the previously used polishing pond, which
is located to the west of the proposed tailings dam (Figure 7), as the main processing
water dam has been developed. The dam capacity will be developed to meet the
water balance required by the processing plant for continuous operation. The
polishing pond will receive water from the tailings dam and may receive top up water
from the open pit. Alternatively, pit water may be pumped to holding tanks close to
the processing plant. As a result of this new proposal, the water balance has been
revised. Refer to Appendix C.
Process water will be drawn from the polishing pond at a rate, which prevents any
external water discharge to the environment. Any additional water required for the
process will be drawn from the LGD under a water extraction permit.
This management method will ensure that water from the UGD will flow to the LGD
and on to Grassy Bay unaffected by the KIS operations. The present condition of the
LGD is poor therefore the dam wall will be reconstructed to ensure adequate capacity
in the LGD to ensure no water is drawn from the UGD, even in dry years.
A revised water balance has been undertaken to allow for the following changes:
•

No pumping from the UGD to the LGD;

•

No discharge of settling pond water to the LGD;

•

Reuse of mine groundwater to process water.

The assumptions used to establish the water balance were as follows:
• Surface areas of the LGD and Settling Pond (SP) are 49,734m 2 and
33,000m 2, respectively;
• Average depth of storage of the LGD and SP are 2.0m and 2.5m,
respectively;
• Source of inflow of the LGD and SP are UGD and LGD catchment,
and 5L/s form open pit and tailings dam decant (50%); and
•
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Rainfall data used is based on the 10th percentile year.
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The water balance flowchart provided in Figure 4 illustrates these basic assumptions
for the project water supply and discharge. A brief description of the flowchart and
accompanying graphs is provided below.
The UGD storage will only be used for supply of potable and non-potable supplies to
the Grassy township. Council has advised that monitoring of blue-green algae
extends from December to May. Water not suitable for potable purposes may be
used for ablution, laundry and landscaping purposes.
Potable and non-potable water for the mine site (excluding process/mining/fire water)
will be drawn from the Grassy township supply via underground reticulation or using
tanker trucks to fill onsite storage tanks. During blue green algae blooms, potable
water for the mine site will be sourced from rainwater tanks on the mine site. The
water balance is based on the estimate of on site rainwater tanks with a combined
volume of up to 200KL to cater for 80 people per day requiring up to 40L per day on
the site.
Process water for the mill is pumped from the LGD and also the tailings settling pond
(SP). During initial dewatering of the open pit, water will be pumped to the SP.
Ongoing pit dewatering, during mining, will provide water to the SP at a rate of
approximately 5L/s and, or, to a header tank at the mill.
The flowchart allows for decant water from the tailings dam to be reused for process
water and will not be discharged to the LGD. In extreme flood conditions the SP
would overflow to Grassy Bay.
Figure 4: Water Balance Flowchart

Figure on next page
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The revised water balance demonstrates that 75% of the total annual process water
demand will be pumped from the SP. The draw down from the SP is reduced to
25,000KL (half the monthly requirement) to maintain a water level depth of greater
than 1m. During this time, make-up water is drawn from the LGD. The depth of
water in the LGD will not fall below 1.35m.
The revised water balance demonstrates that there is sufficient capacity in the LGD
and SP to meet the process water requirements of the mill, even in a dry year.

Figure 5: Water Balance – LGD vs. SP (Polishing Pond) storage depth

Figure on next page
Figure 6: Water Balance – LGD vs. SP (Polising Pond) Process Water Draw down

Figure on next page
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In the process of redefining the water circulation to exclude the LGD the outlet of the
LGD was reconsidered. At present the water from LGD has no defined channel to
the sea. The water is often backed up behind the rocky beach with insufficient flow
to reach the sea. When there is sufficient flow the water flows along the back of the
beach and drains through the rocky beach to the sea at no defined outlet. It is
proposed that as part of the processing site development, the water be piped from
the LGD outlet to the sea. This would provide connectivity between the sea and the
river system. The outlet would be through the sea wall, which will be constructed of
non-erodible rock. It is noted that the flow rate from the LGD to the sea during a 100year flood event would be 11.4 cum. To provide for excessive flows the discharge
channel between the LGD and the sea may have to be designed to ensure controlled
water passage. During decommissioning and rehabilitation of the site, any
infrastructure will be removed and a natural channel will be established. This would
comply with the objective of the State Water Quality and management Policy to
“maintain or enhance water quality” and ecosystems.
Drinking Water Quality
Baseline monitoring of rainwater tanks will be undertaken prior to commencement of
mining activities 3. The methodology for the monitoring would be developed and
approved by the DPIWE prior to collecting samples. A possible approach would be
to randomly select 6 rainwater tanks around the township and test samples
parameters determined to be possible contaminants contributed from mine dust.
Table 10 outlines the water quality results for the UGD drinking water supply sampled
on the 3rd April 2006. It is noted that none of the metals, including mercury, are
elevated relative to health drinking water guidelines in the drinking water supply. Iron
does exceed the aesthetic guideline but is not a health issue according to the
guidelines.
Table 10: Water Quality Analysis Results for 03/04/2006 (King Island Council and
NHMRC & ARMCANZ 1996)

3

Analyte (Totals)

Units

UGD Drinking
Water

Drinking Water
(DW) Guidelines

Aesthetic or Health
DW Guidelines

Phosphorus

mg/L

0.082

N/A

Mercury

mg/L

<0.00005

0.001

Aluminium

mg/L

0.038

0.20

Aesthetic

Arsenic

mg/L

0.0014

0.007

Health

Cadmium

mg/L

<0.0001

0.002

Cobalt

mg/L

<0.0001

N/A

Chromium

mg/L

<0.001

0.05

Copper

mg/L

0.0013

2.0

Health

Iron

mg/L

1.07

0.3

Aesthetic

Manganese

mg/L

0.0039

0.5

Health

Commitment: Baseline monitoring of rainwater tanks will be undertaken.
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Analyte (Totals)

Units

UGD Drinking
Water

Drinking Water
(DW) Guidelines

Aesthetic or Health
DW Guidelines

Nickel

mg/L

0.001

0.02

Health

Lead

mg/L

<0.0005

0.01

Health

Zinc

mg/L

0.0036

3.0

Aesthetic

Turbidity
The suggestion was made that turbidity monitoring should be undertaken. However,
the ANZECC Guidelines indicate that a range of turbidity may be found in estuarine
and marine environments. Low turbidity values are normally found in offshore waters
and higher values are found in estuaries or inshore coastal waters due to windinduced resuspension or to the input of turbid water from the catchment. Therefore
turbidity is not a useful indicator in estuarine and marine waters.
In order to mitigate contributing to turbidity in Grassy Bay, KIS will take a preventative
approach during the sea wall construction. By constructing the sea wall (referred to
as the breakwater by GHD 2006) in accordance with the engineered design
parameters the potential for causing increased turbidity will be minimised because
the design will achieve stability in the energetic environment. The design parameters
and quality of sea wall construction materials that will contribute to the stability
include the:
• S-shaped profile of the sea wall (discussed further in Section 2.5.2);
and
•

Rock size to be utilised.

It is in the interest of KIS to ensure the engineered design is achieved in order to
prevent significant costs, related to significant erosion, being incurred.
The engineering report (GHD 2006) defines rock size to be utilised in the sea
wall/breakwater as greater than 4 tonne rocks and methods to ensure this size are
described. This equates to the recommendation by CEE 2005 to mitigate adverse
impacts by constructing the rock sea wall using large solid rocks with minimal loose,
weathered or fine material.
Control of offshore turbidity will be achieved by having the outer sea wall built as
quickly as possible to create an area of still water isolated from the ocean. Only the
leading edge of the outer sea wall will be exposed to waves and this will be faced
with heavier and clean rock as it advances. The remainder of waste rock will be
dumped in the protected conditions with negligible movement of water into the ocean.
Sea water intrusion into the pit will be severely restricted by the thickness of the
rockfill, by seepage control devices and by interception before reaching the pit floor.
The slow movement of water and the filtering effect of the sand will mean that there
is neligible sediment reaching the pit. Any such sediment will be removed in
sediment ponds before the water is pumped to the ocean.
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In addition, CEE recommended inspection of rock armouring and repair when
necessary throughout mine operation and turbidity monitoring during construction to
confirm that any turbidity plumes are temporary or to detect persistent turbidity and
develop measures to mitigate nuisance turbidity plumes. Regular inspection of the
rock armouring will be undertaken daily during construction of the sea wall and
weekly throughout the life of the mine once the sea wall is complete. However, the
GHD design provides for the establishment of a natural S curve profile of the sea
wall/breakwater that will minimise erosion and will be self-sustaining once
established. As discussed above, turbidity monitoring is not deemed an effective
monitoring method.
Transmissivity of the Grassy Fault
During mining operations and development of the pit, further investigations of the
transmissivity of the Grassy Fault will be undertaken to determine potential effects of
mining on groundwater 4.
Transmissivity of the Sea Wall
In the process of designing the sea wall preliminary transmissivity investigations have
been undertaken. Water bores have been drilled as indicated by the WB sites on
Figure 9.
Concern was voiced about the potential for seawater to ingress into the open pit.
Recent investigations on site have identified the presence of a sand layer underlying
the old sea dump (GHD 2006). The estimated inflow through this sand layer is a
maximum of about 100L/sec in practical conditions. Unusual conditions that might be
encountered which would increase this seepage will be managed by seepage
interception schemes. Seepage through the sand will be collected by open drains or
dewatering spears and returned to the ocean after passing throug settlement ponds
as necessary. In this way sea water will not enter the open pit.
The cut-off technique involves excavating a narrow, vertically sided trench through
the porous materials and then filling the trench with a waterproof material, usually
concrete. Specialised machines cut the trench and can reach depths of 60m or
more. The trench is stabilised during construction by filling it with bentonite slurry,
the pressure from this slurry being greater than the pressure of water in the
surrounding ground. Flow from the trench into the ground leaves a cake of bentonite
on the side of the trench, which adds to the stability (GHD 2006).
The trench is excavated in interlocking panels several metres long by 600mm or
800mm wide. When excavation reaches full depth, concrete is tremied into the
bottom, displacing the slurry from the top (GHD 2006).
The benefits of the cut-off wall include:
• A geometry, which provides the smallest necessary wall, built from just
above sea level.

4

Commitment: Transmissivity testing will be ongoing during pit construction.
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• It is a long established technique and has given reliable results in
many ground and bedrock conditions.
• It will prevent flow through porous rock fill and cut seepage out of the
exposed sand face in the pit to a minimum.
Open Pit Water Quality
Molybdenum concentrations in the pit water were discussed in Section 2.2 of the
DPEMP however the levels were not provided. To rectify this omission, the
concentrations of Cadmium, Copper, Cobalt, Molybdenum and Tungsten from
sampling done between 1991 and 2004 are summarised in Table 11 and Table 12
and compared to guideline levels for drinking water, livestock, irrigation and aquatic
ecosystems (fresh and marine). For complete water quality results, refer to
Appendix D. In conclusion, it is noted that dewatering approval has been received.
In Table 11 and Table 12, the bold text indicates parameters are elevated above the
marine water quality guidelines.
Domestic Sewage
DPEMP notes that KIS will make provisions for future Grassy sewage treatment
requirements in its design for the mine on-site wastewater treatment plant.
If, in the future, KIS do assist the local community by further treating local domestic
sewage, KIS will transfer ownership to the Council and ensure the Council and or
community is capable of managing the facility after mine closure.
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Table 11: Open Pit Surface Water Quality Results from 1991 to 2004
Parameter

pH
Cond µS/cm
Chloride mg/L
Metals µg/L
Cd Total
Cd Dissolved
Co Total
Co Dissolved
Cu Total
Cu Dissolved
Mo Total
Mo Dissolved
W Total
W Dissolved

Surface
Nov-04

Sep-96

Jan-95

Jul-93

Nov-91

Jun-91

8.2
2810
560

7.99
1437

7.71
1542

8.1

8.5

8.2

<1
<1
<1
<1
1
<1
281
276
13
10

<1

ANZECC Drinking
Toxicant
Non Toxic
6.5-8.5

Livestock
ANZECC
6-8.5

250
<1
<1

<5
<5

<5

<2
<5
270

11
1
546
370
<50
<50

60

Irrigation
STV
acceptable
6-8.5
2900 med
700*

Aquatic Ecosystems
Fresh
Marine
8
2200

8.4

2

10

50

0.2

0.7

N/A

1000

100

0.9

1

400

5000

1.4

1.3

150

50

ID

ID

5000

8

15

<50
<50
390

<50

2000

390

50

<100
<100

<100

N/A

1000

Table 12: Open Pit Water Quality at Depth Nov 2004
Parameter
pH
Cond µS/cm
Chloride mg/L
Metals µg/L
Cd Total
Cd Dissolved
Co Total
Co Dissolved
Cu Total
Cu Dissolved
Mo Total
Mo Dissolved
Pb Total
Pb Dissolved
W Total
W Dissolved

May 2006

Sea Water

<1
<1
<1
<1
<1
<1
11
9
<5
<5
1
<1

Depth in Meters
0
10
8.2
8.2
2810
2830
560

20
8.2
2850

<1
<1
<1
<1
1
<1
281
276
<5
<5
13
10

<1
<1
<1
<1
3
1
287
280
<5
<5
13
10

<1
<1
<1
<1
2
<1
280
283
<5
<5
14
10

30
8.2
2790

38
8.2
2860

ANZECC Drinking
Toxicant
Non Toxic
6.5-8.5

Livestock
ANZECC
6-8.5

Irrigation
STV accept
6-8.5
2900 med
700*

Aquatic Ecosystems
Fresh
Marine
8
8.4
2200

2

10

50

0.2

0.7

N/A

1000

100

0.9

1

400

5000

1.4

1.3

50

150

50

ID

ID

10

100

5000

3.4

4.4

5000

8

15

250
<1
<1
<1
<1
3
2
278
280
<5
<5
13
10

<1
<1
<1
<1
2
<1
280
280
<5
<5
13
10

2000

N/A

1000

Page 33

DPEMP SUPPLEMENT
King Island Scheelite Mine Redevelopment

2.4

Marine Flora & Fauna

2.4.1

Submission Issues

•

Provide details regarding the monitoring parameters, methodologies for
sampling and reporting and frequency of monitoring.

•

Comparative analysis of monitoring data should be undertaken and presented
graphically (using cluster analysis, MDS plots, etc) to clearly show differences
between sites. The Marine Biota of King Island Sandy Seabed: Infauna report
should include an appendix of raw data collected from the surveys i.e. species
lists showing abundance and diversity.

•

Additional information is needed on the management responses for the
establishment of exotic species on the sea wall.

•

Further discussion is required on mitigation measures to address erosion/
instability of the sea wall and its potential impact on marina biota.

•

The ‘results of infauna sampling’ and further information to assess the
potential impacts of the activity on the in faunal community in the seabed should
be provided.

•

Additional information/citation is required to substantiate the conclusion that
habitats in Grassy Bay are represented by similar habitats at many locations
around south-eastern King Island.

2.4.2

Response

Marine Monitoring in Grassy Bay
This section addresses the requirement to undertake marine biological monitoring
within Grassy Bay in order to assess changes to habitat type and biological
assemblages that may occur as a consequence of the proposed reclamation and
mine operations.
The National Ocean Disposal Guidelines (NODG 2000) have been referenced to
determine a suitable monitoring program. As indicated in the NODG, the baseline
studies are required to describe existing communities in Grassy Bay and for
comparison to the post reclamation monitoring to assess impacts and recovery rates
in the communities after reclamation, respectively. The NODG recommend that the
sampling regime include replicate samples and sampling at two or more reference
locations to provide a geographical context for the marine communities of the
reclamation site. The results of the infauna analyses (CEE 2006) indicate great
variability between Grassy Bay and the two reference sites therefore ongoing
monitoring at the reference sites will not be undertaken.
Baseline Monitoring
Seabed habitat mapping and marine biological monitoring to characterise the Grassy
bay seabed was undertaken in 2005 (CEE 2005 and CEE 2006).
May 2006
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In 2005, the investigations revealed that:
• The Grassy Bay seabed was flat, fine to medium grain sand, with no
substantial reef from the shoreline to 30m depth contour and over the 2km
width from the harbour to Bold Head;
• No living epibiota (seagrasses, benthic fish, large invertebrates) were
observed;
•

Sediments in the bay were readily mobilised by low swell; and

• Grassy Bay sediments are different in character from the reference
sites likely due to a combination of both natural oceanographic
characteristics of the bay and the effects of previous infilling and
subsequent erosion of the infill.
Due to the potential for the threatened Gazameda gunni screw shell to exist in the
soft seabed of Grassy Bay an infauna survey was undertaken. The infauna survey
also provides baseline data for the ongoing monitoring regime. The procedure
included:
• Sampling sites within Grassy Bay and at sites in reference locations
northeast and southeast of the bay.
•

Stratifying sediment samples at common water depth;

•

Collecting samples for physical characterisation;

•

Assessing samples for presence of rare Gazameda gunnii; and

•

Assessing infauna assemblages for spatial distribution characteristics.

On collection, the sediment grain size, colour and presence of organic material was
recorded and redox was measured and the sediments were photographed.
Taxonomic and abundance analysis was conducted resulting in 783 infauna being
collected from the 24 samples across 12 sites, and a total of 49 taxa were identified.
The most common infauna taxa are crustaceans (74%) and then polychaetes (11%).
The abundance and species richness varies between Grassy Bay and the reference
sites, however within Grassy Bay there is strong similarity between the infauna
assemblages compared to dissimilarity at the reference sites. Based on the similarity
in abundance and species richness between Grassy Bay, NE1 and SW1 and the
dissimilarities between Grassy Bay and NE2, NE3, SW2 and SW3, it is
recommended that the reference sites be limited to NE1 and SW1 in future
monitoring events.
In order to provide interannual and seasonal assessment, a second baselinesampling event will be undertaken in June 2006 5. The results of this sampling event
will establish a range of ambient conditions and comparison with the reference
locations and may contribute to modifications in the ongoing monitoring program.

5

Commitment: A second marine biological baseline-sampling event will be undertaken in
June 2006.
May 2006
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The data gathered from 6-monthly sampling at 6 sites within Grassy Bay will enable
an impact assessment over a potential effect gradient in the bay and compare also
with temporal changes at reference sites.
Proposed Ongoing Marine Biological Monitoring
Marine biological monitoring will be undertaken in Grassy Bay to characterise habitat
type and biological assemblages in order to determine whether, and to what extent,
reclamation impacts on these features.
It is proposed the monitoring occur 6-monthly for 3 years after sea wall construction
in order to provide interannual and seasonal results for statistical analyses and
determine the significance of any impacts 6. After the each year of monitoring (2
sampling events) the monitoring program would be assessed and may be modified in
consultation with the DPIWE, if necessary.
The monitoring program proposed will, as far as practicable, replicate the
investigations undertaken to characterise habitat type and biological assemblages at
the site prior to commencement of reclamation.
The proposed sampling design involves sampling at 6 sites evenly distributed within
the Grassy Bay and at 3 control sites clustered at NE1 and 3 control sites clustered
at SW1. At each site 2 replicate benthic infauna cores will be collected within 5m of
the site. The depth of sampling will be kept consistent between sites. This will
assess spatial variability at the scale required for disposal sites of less than 1 km
square. Re-sampling the control sites over time will provide some measure of
temporal variability.
Assessment of benthic infauna will continue to involve collecting 5 L of sediment with
a stainless steel Van Veen grab at each site. Samples will be sieved over a 1 mm
mesh sieve and identifying and counting organisms to family level.
Reef biota, including introduced species, monitoring of the sea wall would coincide
with the infauna survey and management responses developed as appropriate 7. The
methodology will involve video transects at baseline sites as well as three new sites
in the new seawall.
Reporting
On completion of each sampling event a report will be prepared that will:
• Report changes in the appearance of the seabed at and in the vicinity
of the reclamation;
• Assess whether there have been any changes to environmental
conditions, habitat type and biological assemblages at the reclamation site
and in the vicinity of the site based on benthic infauna;
•

Identify the nature of any changes and their likely cause(s); and

6

Commitment: Undertake ongoing marine biological monitoring 6-monthly for 3 years.

7

Commitment: Undertake exotic species survey 6-monthly for 3 years.
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•

Identify whether any identified changes are likely to be permanent.

The completed report will be provided to all relevant authorities including the DPIWE
and DEH within 3 months of completion of the monitoring program and receipt of all
analyses.
This proposed monitoring program may be modified by the DPIWE and/or as a result
of future monitoring results.
Comparative analysis of monitoring data
CEE undertook in fauna sampling and analyses in December 2005. The results were
not available at the date of the DPEMP submission. The results are summarised
here and reported in full in Appendix E. The infauna and sediment investigations of
Grassy Bay and six nearby reference locations show that:
• The sediments of Grassy Bay are generally finer than the reference
locations;
• Infauna are more abundant in Grassy Harbour than the reference
locations;
• The number of species in Grassy Harbour is higher than the individual
reference locations but similar to the number of species at both reference
locations;
• The infauna assemblages at the sites sampled within Grassy Bay are
generally similar; and
• The infauna assemblages within Grassy Bay are different from those
at reference locations beyond Grassy Bay.
As a result of the in fauna and sediment investigation results the conclusion that
habitats in Grassy Bay are represented by similar habitats at nearby locations
(reference locations) cannot be substantiated. However, an investigation of each bay
around south-eastern King Island was not possible to determine if similar habitats
exist.
2.5

Coastal Processes

2.5.1
•

Submission Issues

Modelling of wave and vector currents should be undertaken to determine
most stable configuration for sea wall.

•

Include “control erosion of sea wall” to list of decommissioning objectives.

•

Action to be taken in event of significant sea wall erosion.

•

Scheduling of sea wall inspections for erosion and standard approach.

•

Quantify commitments to inspect, repair and manage the sea wall armouring
appropriately throughout the operation of the mine.
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•

Details of the articles cited in Appendix I should be provided in full and a list of
references provided at the end of Appendix I.

•

It is suggested that Appendix I provide a visual representation of the direct
footprint of the proposed reclamation (i.e. a map), as well as reference to
coastal process studies to identify a zone of possible off-site impacts.

•

Additional information is required to clarify how far out to sea the sand,
derived from material previously deposited, extends. This information should
inform an assessment of likely erosion, sedimentation and other impacts from
the sea wall.

2.5.2

Response

Wave and Current Modelling
In the process of designing the sea wall, GHD assessed the impacts of wave and
vector currents to ensure the most stable configuration. The sea wall report indicates
that the profile of the sea wall is the key to providing a stable configuration in a highenergy environment. A S-shaped profile would imitate nature by providing a low
energy area above sea level and a berm below sea level. The berm initiates the
breaking of waves so that some of the energy is dissipated before the wave reaches
the exposed shore. In this case, there is a good supply of rock to provide for the
wider breakwater with an S-shaped profile. The GHD report is provided in full in
Appendix F.
Sea Wall Erosion Control
Refer to Section 2.16 for sea wall erosion control after decommissioning of the site.
Sea Wall Monitoring
The sea wall will be inspected daily during construction and weekly above sea level
during mine operation. Any areas identified during inspections will be treated as an
incident. Therefore an incident report will be prepared including the method of repair,
responsibility and timing of repair the sea wall armouring appropriately throughout the
operation of the mine 8. As noted above, an S profile will be established and will
sustain itself by imitating natural processes therefore maintenance requirements are
expected to be minimal.
Appendix I
It is noted that article citations and references should have been provided in the
reports by CEE Consultants Pty Ltd. In addition, it is noted that a map showing the
reclamation footprint and coastal process studies would be useful in Appendix I.
However, it is considered that with the information in the DPEMP and Appendix I it is

8

Commitment: Weekly inspections of the sea wall will identify areas requiring repair and an
incident report will be completed to ensure repair is undertaken.
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possible to infer where the reclamation footprint would be in relation to the coastal
process information provided in Appendix I.
Additional information to clarify how far out to sea the sand, derived from previously
deposited material is not available. However, as Table 3 of the CEE marine
biological conditions report indicates, the sediment sampled at the Bold Head site
was grouped with the samples from within Grassy Bay based on sediment
description.
2.6

Flora

2.6.1

Submission Issues

•

The Tasmanian Conservation Trust (TCT) supports the advice of A. Welling
(2006) that reducing the full supply level of the tailings dam to the 30m contour
would avoid impacting upon all three threatened vegetation communities
including King Island Eucalyptus globulus forest, Melaleuca ericifolia swamp
forest and King Island scrub complex.

•

More detailed consideration of mitigating impacts on Eucalyptus globulus KI
forest, Melaleuca ericifolia swamp forest and KI scrub complex.

•

Information regarding the impact of the proposal on Hedycarya angustifolia
and Pimelia axiflora.

•

Consideration of revegetation of offsite area of salt marsh to replace potential
food source for Orange Bellied Parrot.

2.6.2

Response

Area of Tailings Dam Impact & Mitigation
With some refinement, the tailings dam maximum level will not exceed 41.25m
(Figure 7). This will reduce the area of the three threatened vegetation communities
that need to be cleared to accommodate the tailings dam. Welling revisited the site
to determine the area of impact if the proposed tailings dam were to extend to an
elevation of 42m, an elevation that slightly overestimated the areas of the three
communities to be removed. The following provides a brief summary of the findings
and recommendations of Welling (2006) as they relate to public and departmental
comments on the DPEMP. Refer to Appendix A for full the full report.
Approximately 7 to 8 Ha of Melaleuca ericifolia forest and Eucalyptus globulus King
Island forest and 2 to 3 Ha of scrub complex will be removed as a result of the
proposed tailings dam. The three threatened species found in the area of impact
also occur above the area of impact therefore by clearing up to 11 Ha, the
development will not result in the loss of these species from the general area.
The approximately 25 Ha of Melaleuca ericifolia forest and Eucalyptus globulus King
Island forest upslope of the tailings dam is in excellent condition and supports five
threatened species. This area is suitable as an offset for the area to be cleared and
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for endorsement by the Forest Practice Authority as meeting its requirements under
the NHT Bilateral Agreement. KIS will ensure the long-term protection of this area
through a covenant or similar reservation device to offset the impacts of the proposed
tailings dam 9. Management guidelines for the offset area will include such issues as
weed management, fire management, stock control etc. The guidelines will be
defined as part of the covenanting process. As demonstrated by Figure 3 and Figure
7, this 25Ha area is within the property rights of mine lease; therefore negotiation
with the relevant agencies and Forest Practices Authority will occur to arrange the
offset.
Threatened species
During the visit, between the 10th and 13th April 2006, further surveys were conducted
by A. Welling and M. Holdsworth to:
• Confirm the location of the Pimelia axiflora identified by Duncan and
determine extent of other plants; and
• Determine the impact of the tailings dam on threatened plants
including Hedycarya angustifolia, Pimelea axiflora and Elaeocarpus
reticulatus.
The Pimelea axiflora plant recorded by Duncan (2005) was located in the western
most gully at approximately the 50m contour and a second plant was recorded in a
small gully at the eastern end of the proposed tailings dam. The plant, which occurs
at the 50m contour, is outside the area of the impact while the proposed tailings dam
would impact the second plant. In order to promote this threatened species, KIS will
ensure propagation and replanting of this species in the gully above the tailings
dam 10.
The proposed tailings dam will not impact Hedycarya angustifolia plants as they were
only recorded above the 42m contour.
For the threatened species, Pimelia axiflora and Elaeocarpus reticulatus (Blueberry
ash) are located both within and outside the proposed tailings dam impact zone. KIS
will ensure that a permit from the Threatened Species Unit (DPIWE) is sought and
received prior to removal of any threatened flora species 11.
Sarcocornia
The Sarcocornia (beaded glasswort) to the east of the Grassy River outflow behind
the rocky beach does not provide a significant food source for the Orange Bellied
Parrot due to its relatively poor condition. The glasswort would require active
management to ensure frequent inundation by seawater to improve the quality.
Refer to Section 2.7.2.

9

Commitment: Long-term protection of a suitable offset area will be arranged.

10

Commitment: Propagation and replanting of Pimelea axiflora will be undertaken in the area
under covenant.
11

Commitment: A permit to remove threatened species will be attained for Elaeocarpus
reticulatus and Cyathea sp.
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Figure 7: Detailed Vegetation Communities and Threatened Flora Species at
Tailings Dam
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2.7

Fauna

2.7.1

Submission Issues

•

Since complete decommissioning there has not been any fixed or mobile
lighting associated with the site apart from lighting associated with the drilling
operations in late 2005.

•

Fixed lighting will be required at the processing plant site and in the pit while
mobile lighting will be associated with vehicles moving along internal roadways.
Poorly managed lighting has the potential to affect migratory birds including
Little Penguins, Short-tailed Shearwaters and Orange-Bellied Parrots (OBP).

•

Determine the presence or absence of the King Island brown thornbill, King
Island scrub tit, green and gold frog, Peron’s marsh frog and Southern hairy red
snail using targeted survey methods.

•

Determine presence or absence of fairy penguins in the area of foreshore that
will be reclaimed.

•

Consideration of impacts of mine on fairy penguin and short-tailed shearwater
rookeries, especially during breeding season.

•

Long term monitoring of the fairy penguin rookeries to monitor impacts.

•

Consideration of potential food source for Orange bellied parrot.

2.7.2

Response

Proposed Tailings Dam Area
Further surveys were conducted between the 8th and 11th April 2006 by A. Welling
and M. Holdsworth (DPIWE, Threatened Species Unit) to determine presence or
absence of the:
•

King Island brown thornbill and King Island scrubtit;

•

Green and gold frog and the Perons striped marsh frog;

•

Southern red snail, Austrochloritis victoriae;

In addition, a survey of the little penguin colonies and short tailed shearwater
colonies and potential for orange-bellied parrot habitat were conducted.
The findings of these surveys are detailed in Appendix A and summarised here. A
total of 37 bird species were recorded during four bird surveys in the vicinity of the
proposed tailings dam. The King Island thornbill and scrubtit were not recorded.
Due to the nature of the surveys and the site it is concluded that these two species
are not present however it is noted that the protection of the E. globulus and
Melaleuca ericifolia forests will ensure that both species (if they occur there) will not
be adversely affected (Holdsworth 2006).
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The absence of suitable habitat and tadpoles indicates that the green and gold frog
and Peron’s marsh frog will not be negatively affected by the proposed tailings dam.
The following frog species are known to occur at the site:
•

Banjo frog – Limnodynastes dumerilii;

•

Common froglet – Crinea signifera;

•

Smooth froglet – Geocrinea laevis; and

•

Brown tree frog – Litoria ewingii.

These species are considered common.
The Southern hairy red snail was not recorded during the survey of the impact zone
while two common species were recorded.
In conclusion, no threatened fauna species were found during the additional surveys
of the proposed tailings dam impact zone. It is therefore highly unlikely that any
threatened fauna species will be affected by the proposed tailings dam.
Little Penguins & Short-tailed Shearwaters
The extent of the little penguin and short-tailed shearwater rookeries were reviewed
and are indicated in Figure 8. Accurate counts to determine short-tailed shearwater
colony sizes were not possible due to the season therefore the location and the
extent of the active rookeries were recorded.
Seven fairy penguin colonies were recorded along the coast between the mine site
and the Grassy Port breakwater. A number of these colonies may be directly
impacted upon by reclamation works associated with the mine and others indirectly
by vehicle movements. The short-tailed shearwater colonies also in close proximity
to the mine may be affected by mine activities. In order to address these issues, KIS
will ensure a Sea Bird Management Plan is developed prior to commencement of
construction activities on site 12.

12

Commitment:
activities.
May 2006
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Figure 8: Location of known seabird rookeries adjacent to the mine site

the KIS controlled area

The SMP will provide mitigative measures to ensure these sea birds are not
impacted by the mine activities including, but not limited to, blasting, lighting,
reclamation and traffic. Some elements of the SMP are briefly described below.
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All fixed lighting will be directional lighting that will be directed towards the ground 13.
Employees will not be permitted beyond the active mining area, situated north of the
little penguin and short-tailed shearwater nesting sites during the period when
nesting commences until chicks are fully developed. In addition, vehicle movements
to the area will be minimised by not permitting personal vehicles into the area.
All lighting in the mine area will be shaded to ensure that no direct light is directed
onto OBP habitat (salt marsh) during the March to June migratory period.
Nesting colonies of little penguins and short-tailed shearwaters occur south of the
mine area in the fore dunes near the Port of Grassy. The proposed mine activities
will not directly impact the colony and the stability of the sand dunes.
Bright lights can be disorienting for little penguins and short-tailed shearwaters and
have the potential to disrupt the normal behaviour of the birds returning to the colony
after sunset. No permanent mine lighting will occur within 300 meters of the colony
and the mine lighting will be shaded to ensure that no direct lighting shines in the
direction of the nesting colonies between October and late April.
Access by mine vehicles and mine personnel to the colony and buffer zones will be
prohibited.
Orange Bellied Parrot Habitat
A small area of degraded foraging habitat (Sarcocornia sp.) for the orange-bellied
parrot exists downstream of the Lower Grassy Dam. It is degraded due to the
absence of regular inundation by salt water. KIS will ensure improvements to
inundation frequency are incorporated into the decommissioning and rehabilitation
plan for the site 14.
2.8

Meteorology and Air Quality

2.8.1

Submission Issues

•

Air quality management and the use of alternative fuels to diesel

•

Dispersion modelling of exhaust emissions should be undertaken. Michael
Power (Air Specialist with DPIWE) has undertaken dispersion modelling.

•

Dust composition from the mine operations should be analysed and if safe,
dust management should be established dust management; impacts on
rainwater; respiratory ailments; and mercury content in dust and water.

•

13

How will dust impact on the marine environment?

Commitment: No fixed lighting will be directed skyward.

14

Commitment: Incorporate orange-bellied parrot foraging habitat management in the
Decommissioning and Rehabilitation plan for the site.
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2.8.2

Response

Alternative Fuels
The DP&EMP relied on published wind maps, as there is little available wind
measurement data on the island. In addition, there was no information regarding
emissions from the proposed 5 MW power plant. This is largely because precise
details are not known at present. It is considered likely that initially a diesel-powered
generator will be used, however in the long term a gas-fired plant may be
commissioned.
Dispersion Modelling
In light of these uncertainties DPIWE used TAPM to model the meteorology of King
Island, and in a separate modelling run, to simulate dispersion from representative
power sources. The two stage modelling approach was adopted to store and re-use
modelled meteorology, which will also provide meteorological data to support future
modelling investigations should air emissions become an issue.
The modelling is very conservative in nature, being based on continuous emissions
using emission factors derived for 15-minute maximum demand periods calculated
on the basis of 3 engines running at close to full load. As it is unlikely that maximum
demand figures will apply for an entire year, the actual peak ground level
concentrations are expected to be lower than those presented in the Atmospheric
Dispersion Modelling Report (DPIWE 2006).
Despite the conservative nature of the model, the modelling suggests that elevated
emissions are likely to be situated in the near vicinity of the generators but
concentrations are well within limits in the Grassy region. The elevated emissions in
the near vicinity are most likely because the plumes from the stacks, which are
1.68m higher than the enclosures, are entrained within the wakes of the enclosures
themselves. Refer to Appendix G for the full report.
Dust Composition
Living organisms require trace amounts of some heavy metals, including cobalt,
copper, manganese, molybdenum, vanadium, strontium and zinc, but excessive
levels can be detrimental to the organism. Other heavy metals such as mercury,
lead and cadmium have no known vital or beneficial effect on organisms, and their
accumulation over time in the bodies of mammals can cause serious illness. Other
heavy metals which are toxic considered here include thorium and uranium due to
their radioactive nature and iron, manganese, aluminium and beryllium are included
since, in excessive amounts they lead to heavy metal poisoning in medical terms.
The analysis of the rock groups from the mine indicates that the metal content is
generally similar to background levels found in Tasmanian soils. Table 13 outlines
the significant metals relative to human health and compares the levels found in the
King Island overburden to Hobart surface soils from non-industrial sites tested in
1991. The results indicate that molybdenum and nickel are elevated relative to the
background ranges; therefore these metals will be closely monitored in tank water
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Table 13: Metal Levels in Overburden Relative to Background Tasmanian Soils
1

1

Elements

Units

King Island
Assay Results

Arsenic (As)

mg/kg

4-51 (9 )

Aluminium (Al)

mg/kg

28.5-30.2 (9)

N/A

Beryllium (Be)

mg/kg

8.0-10.6 (9)

N/A

Bismuth (Bi)

mg/kg

8.6-40.3 (9)

N/A

Cobalt (Co)

mg/kg

34-42 (9)

100

400

1-58 (14)

Copper (Cu)

mg/kg

165-252 (9)

1,000

4,000

1-571 (219)

Cadmium (Cd)

mg/kg

<0.5-1 (9)

20

80

0.5-164 (219)

Hafnium (Hf)

mg/kg

<2 (9)

N/A

Iron (Fe)

mg/kg

63.4-68.0 (9)

N/A

Lead (Pb)

mg/kg

18-191 (9)

300

1,200

<1-2220 (219)

Manganese (Mn)

mg/kg

3920-4070 (9)

1,500

6,000

25-7200 (219)

Mercury (Hg)

mg/kg

0.1 (8)

0.02-3.9 (219)

Molybdenum (Mo)

mg/kg

64-117 (9)

0.6-1.7 (219)

Nickel (Ni)

mg/kg

190-322 (9)

Vanadium (V)

mg/kg

100-106 (9)

N/A

Strontium (Sr)

mg/kg

55.5-65.0(9)

N/A

Thorium (Th)

mg/kg

1.4-2.3 (9)

N/A

Uranium (U)

mg/kg

1.9-2.9 (9)

N/A

Zinc (Zn)

mg/kg

167-253 (9)

3

NEPM HIL
Residential A

NEPM HIL
Residential D

Background ranges in Hobart Surface
2
Soils from non-industrial sites 1991

100

400

2-45 (14)

600

7,000

2,400

28,000

2-130 (219)

18-22100 (219)

1. NEPM. National Environment Protection Measure (Assessment of Site Contamination): Schedule B (1) Guideline on the Investigation Levels for Soil and Groundwater.
National Environment Protection Council, 1999.
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HIL – Health Investigation Level
‘A’ Residential – ‘Standard’ residential with garden/accessible soil.
‘D’ Residential – Residential with minimal opportunities for soil access: includes dwellings with fully and permanently paved yard space.
2. Tiller, K.G. 1992. Urban Soil Contamination in Australia. Australian Journal of Soil Research. Volume 30. pp 937-57.
3. Indicates the number of samples (n) on which the range is based.
N/A – Not available
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Dust and Marine Environment
The existing species present in Grassy Bay marine environment are not prone to
impact by dust or sedimentation as they are predominantly motile and not susceptible
to suspended particulate matter. However, noting that there is potential for dust to
enter the marine environment directly from deposition out of the atmosphere or from
sediment laden run-off from the Grassy River watercourse, KIS have committed to
mitigation measures, which aim to prevent dust and sediment entering the bay.
These measures are identified in Table 48 of the DPEMP and are summarised here.
• Develop a Construction Environmental Management Plan to address
all environmental issues related to the construction phase of the project
including dust prevention and suppression.
• Prevent sediment-laden stormwater leaving the active mining area by
directing the stormwater to the stormwater retention pond.
• Ensure that sea wall is sufficiently armoured and is inspected and
repaired regularly.
•

No dumping of waste rock or other materials beyond the sea wall.

• Undertake ongoing turbidity monitoring during sea wall construction
and reclamation and modify techniques as required.
• Ensure visible dust from the mine pit operations and reclamation does
not cross the mining lease boundary.
•

Maintain water cart on site for dust suppression.

• Fit and maintain conveyors with water spraying devices for dust
suppression.
• Integrate bag house in processing plant to control dust from crushing
and milling.
• Establish and run a site management system that integrates dust
control provisions.
•

Train staff in the site management system.

It is noted that the crushing and screening circuit will comprise a large jaw crusher,
followed by a secondary cone crusher. A scalping screen will be included on the
feed to the secondary crusher. Two tertiary cone crushers will be used in a closed
circuit with a final vibratory screen. The final vibratory screen will be equipped with
dust covers and a bag house (dust collection system). The dust will be recycled back
into the process. There is the potential for the tertiary crushers to be replaced with
high pressure grinding rolls, which will create no more dust than a cone crusher.
Transfer of material between crushers and screens will be via covered conveyors.
Material from the ore bins will be fed into the milling circuit, which will use a
combination of flotation and gravity separation with modern equipment. This wet
process will not produce dust.
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2.9

Noise and Vibration

2.9.1

Submission Issues

•

Noise from fully operating mine and blasting noise.

•

More background environmental noise monitoring and an estimate of how
much of the time that the noise from the operation would dominate the acoustic
environment at Grassy is needed.

•

If additional background environmental noise monitoring is not provided, it is
highly likely that the operations dominance in the noise environment is being
over estimated and is not realistic.

•

Blast modelling should be undertaken to determine potential impacts on
surrounding area (MRT).

2.9.2

Response

Operating Mine Noise
As indicated in the DPEMP, KIS are committed to mitigating noise from the operating
mine including blasting. Further noise monitoring and modelling will assist in
ensuring appropriate noise mitigation measures are applied as necessary.
Modern drilling equipment will be used to minimise noise during the blast hole drilling
process. This will include electronic detonation techniques to minimise noise and
vibration impacts and ensure world best practice is achieved in blasting efficiency
and safe environmentally acceptable blasting operations. Refer to Section 2.2.2.
Background Environmental Noise
The existing background noise data was collected under very calm conditions, which
are not generally common. Therefore it has been determined that more monitoring of
background environmental noise to estimate how much of the time the noise from the
operation would dominate the acoustic environment at Grassy should be undertaken.
This will be achieved by monitoring noise levels and meteorology at the same time
for about 4 weeks. The various noise levels will then be correlated with the various
wind conditions and the results will be extended over one year. This methodology
has been approved by the DPIWE.
In addition and as discussed in Section 5.11.4 of the DPEMP (SEMF 2006), noise
modelling will be undertaken when the final mine and mill design is available and
mobile equipment selections finalised. This noise modelling will integrate the
extended background noise data to ensure realistic outcomes.
Blast modelling
A specialist mining operator will undertake drilling and blasting. Refer to Section
2.2.2 for details about blasting modelling and methodology.
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2.10 Solid Waste
2.10.1 Submission Issues
•

Solid waste disposal management

2.10.2 Response
General refuse generated by the operation will be limited to packaging materials
(wood, strapping, cardboard boxes) and scrap metal, worn out gear, drums, conveyor
belting, pipe, electrical debris etc). This will be recycled in consultation with the King
Island Council. All putrescible wastes will be disposed of at the licensed refuse
disposal site operated by the Council and in agreement with Council.
Any non-bio-degradable mine waste presently existing on the site will be managed
on site by disposal to the disposal site for historic waste indicated on Figure 5 in the
DPEMP.
2.11 Overburden and Tailings
2.11.1 Submission Issues
•

An old tailings dam was used in previous years of mine operations and has
subsequently been successfully rehabilitated and revegetated. The construction
of new tailings dam wall lifts may impact on the stability of the existing tailings
bed and wall structure.

•

The DPEMP indicates that choice of flotation reagents is not yet certain. Not
all flotation reagents used in metalliferous minerals processing are as
environmentally benign as the examples given.

•
•

•

Include “control erosion of sea wall” to list of decommissioning objectives.
Further technical detail is required on the construction method and the
predicted stability of the sea wall and to explain why seawater is likely to breach
the pit following pit extension seaward.
DEH requested further information regarding the:
• Proportion of overburden that is likely to be have acid producing
potential;
• Physical and environmental impacts from a seismic event, considering
the sea wall crosses the fault line;
• Impacts of acid producing rock on the marine environment including
details of any chemical analyses;
• Mitigation measures to address erosion/ instability of the sea wall and
its potential impact on marina biota;
•
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• Map and coordinates depicting the locations and depths of drill cores
should be provided.
2.11.2 Response
Dam Cons truction
In order to ensure that the dam is safely constructed and will not cause
environmental harm the tailings dam construction will be referred to the Assessment
Committee for Dam Construction (ACDC) for assessment in relation to engineering
and dam safety. Information provided to the ACDC for assessment will include a
geotechnical report by Coffey Geosciences Ltd.
Tailings Quality
At present, the flotation process and additives have not been finalised so it is difficult
to define the exact sulphide content of the tailings. However, there are no significant
sulphides in the ore and the process does not produce acid generating material. The
tailings will be very similar to the tailings produced by the old KIS operation and
presently in the rehabilitated dam (pers. comm. T. Weston).
When the design process is completed, information about the process and the
selected flotation reagents will be provided to the DPIWE for review 15 including what
acid generating potential the tails will have or what metals the tails will contain. If,
following the finalisation of the process flow sheet, it is determined that the tails will
contain unsatisfactory levels of sulphides and metals, an Environmental Management
Plan (EMP) for the management of acid sulphate waste will be developed 16.
When the flotation reagents have been confirmed, MSDS for each will be provided to
the DPIWE for assessment prior to commissioning17.
Sea Wall & Grassy Fault
The design of the sea wall has been undertaken. The design involves construction of
the sea wall/breakwater at the full extent indicated in the DPEMP to protect the open
pit during the 10 to 20 year mine life and constructing an interim concrete cut-off wall
that would not intersect the Grassy Fault.
To ensure stability, the sea wall (breakwater) will be constructed using greater than 4
tonne rocks and a S-shaped profile. Once complete, overburden will be placed
inside the sea wall. Coarser material will be placed against the inside of the
breakwater to buttress it and add to the long-term sustainability of the S curve profile.

15

Commitment: KIS will provide information about the final process and flotation reagents
when it is available and prior to commissioning.
16

Commitment: If tailings contain unsuitable quantities of sulphides and metals as a result of
flotation, these tailings will be managed separately from the gravity tailings and an EMP for
acid sulphate soils will be developed.
17

Commitment: KIS will provide MSDS for all flotation reagents once confirmed and prior to
commissioning.
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In the process of designing the sea wall and to ensure the most stable configuration,
GHD assessed the potential physical and environmental impacts of the Grassy Fault
with the available information. It was conservatively assumed that there will be
fracture zones and shears capable of transmitting water. If left unmanaged the water
transmitted through these zones would enter the extended pit. To manage these
zones, the cut-off wall constructed of cement… (GHD 2006).
Where the sea wall crosses the Grassy fault zone, grouting through the cutoff wall
may also be required by injection of cement grout under pressure from drill holes to
infill all the cracks and fissures if they exist. Grouting is considered the most positive
method of preventing flow through porous rockfill and cuts the seepage out of the
exposed sand face in the pit to a minimum (GHD 2006).
The construction of an interim concrete cut-off wall inside the Grassy Fault would
avoid intersecting the Grassy Fault and would provide protection of the pit from
seepage before the final sea wall is completed.
Impacts of changed shoreline configuration on coastal processes are expected to be
minimal. This evaluation is based on the known erosion of the previously dumped
material. Presently, material from the dump area is transported along the shore to
the north and in the process it is eroded into smaller aggregate. GHD have
determined that use of 4T rock to construct the sea wall will prevent this transport
and erosion process therefore minimising further degradation of Grassy Bay.
For a detailed description of this design option, refer to Section 4.0 for the
construction of the sea wall/breakwater, and Section 7.2.5 for the cut-off wall, of the
sea wall engineering report by GHD Pty Ltd (Appendix F).
Acid Producing Potential
The proportion of overburden that is likely to have acid producing potential is related
to the proportion of upper volcanic rock as this is the only waste rock that indicated
any uncertainty as to whether it is potentially acid forming. At the Grassy Mine, the
upper volcanic rock represent the least volume relative to the other waste rock types
including biotite hornfels, carbonate and quartzite.
Approximately 4Mm 3 of volcanic rock will be mined for expansion of the open pit.
The degree of sampling (5 samples from the upper volcanics) and type of analyses
(Peroxide Oxidation – Combined Acidity and Sulphur [POCAS] Method) was
sufficient to adequately characterise its physical and chemical quality as not acid
producing (pers. comm. Newnham 2006). It is noted that the results of the analyses
indicated one of the samples was uncertain (potentailly acid forming) and 4 were not
acid forming. Refer to Figure 9 for the location of the boreholes.
In addition to the analyses results, it is noted that the rock used in the existing port
breakwater is the same sort of rock that will be used in the sea wall including, upper
volcanics, biotite hornfels, quartzite and carbonate rocks. There is anecdotal
evidence that the existing port breakwater wall, which has been in place for 30 years,
has shown no acid forming characteristics. Also, the water quality (pH) in the
existing open pit (Table 11 and Table 12) is indicative that the underground mine and
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pit walls (this same rock will compromise the future overburden) are not acid
producing.
Based on this laboratory and anecdotal evidence, it is reasonable to conclude that
there is unlikely to be any Net Acid Generating (NAG) rock and therefore there will be
no impacts on the environment.
If NAG rock were present, there would be potential for acid producing rock exposed
to air to impact on the marine environment through surface water runoff if it is not
managed appropriately. Acid generation is, for the most part, the result of the
sulphide mineral oxidation. Dissolution and alteration of various minerals can
contribute to the neutralisation of acid. Factors that determine the neutralisation rate
by carbonate and silicate minerals include: pH, equilibrium conditions, temperature,
mineral composition and structure, redox conditions, and the presence of foreign
ions. In addition, a large proportion of the waste rock will be deposited below the low
sea water level where it will not be exposed to oxygen and thus acid generation can
not occur.
Location of Drill Holes
Figure 9 and Table 14 provide the drill hole locations and coordinates, respectively.
Figure 9: Location of Drill Holes

Figure on next page.
Table 14: Drill Hole Coordinates and Dip
Location

East

North

Elevation

Orientation

Dip

G002

249620.950

5562104.940

7.690

4° 34' 26"

-64° 19' 12"

G003

249685.710

5562108.110

5.890

vertical

vertical

G004

249702.250

5562207.310

5.020

vertical

vertical

G005

249721.950

5562184.170

5.140

1° 26' 21"

-64° 16' 24"

G006

249742.270

5562134.890

5.370

vertical

vertical

G007

249784.190

5562102.400

4.490

vertical

vertical

G008

249784.170

5562104.000

4.380

354° 30' 42"

-57° 38' 58"

G009

249822.990

5562089.910

4.360

355° 00' 49"

-63° 12' 14"

G010

249859.600

5562068.040

4.200

5° 38' 54"

-70° 00' 28"

G011

249661.830

5562102.820

6.650

2° 41' 32"

-59° 14' 28"

G012

249642.230

5562066.840

8.630

4° 58' 01"

-49° 33' 25"

G013

249602.310

5562019.630

13.420

1° 14' 11"

-70° 34' 03"

G014

249580.630

5562003.450

14.040

3° 10' 47"

-63° 10' 02"

G015

249587.890

5562097.270

15.760

357° 02' 21"

-63° 10' 09"

WATER
LEVEL O/CUT

249426.700

5561953.200

0.070

G016

249586.490

5562095.700

15.640

300° 30' 55"

-58° 46' 38"

G017

249695.290

5562200.920

4.810

vertical

vertical
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Location

East

North

Elevation

Orientation

Dip

G018

249708.580

5562201.830

5.140

vertical

vertical

G019

249707.930

5562201.890

5.030

vertical

vertical

G020

249677.920

5561989.540

13.240

vertical

vertical

G021

249721.450

5561958.190

13.510

1° 03' 34"

-72° 33' 51"

G022

249565.610

5562021.400

14.170

358° 23' 46"

-53° 43' 58"

G023

249584.540

5562068.670

14.800

298° 16' 03"

-53° 37' 18"

G024

249104.310

5562087.070

4.820

5° 34' 07"

-68° 33' 44"

G025

249149.080

5562062.270

9.790

351° 07' 41"

-71° 07' 13"

G026

249183.270

5562046.770

9.670

1° 54' 08"

-57° 27' 41"

G027

249225.070

5562019.060

9.440

6° 17' 59"

-58° 14' 26"

G028

249366.100

5561927.855

10.670

2° 09' 06"

-59° 06' 58"

G029

249427.451

5561914.110

12.100

359° 50' 46"

-64° 18' 26"

G030

249292.024

5561953.250

8.592

1° 09' 50"

51° 40'

G031

249467.167

5561947.276

3.998

348° 04' 13"

49° 25'

G032

249501.982

5561962.472

7.834

359° 06' 30"

65° 35' 30"

G033

249545.172

5561986.111

12.990

354° 57' 00"

59° 23'

G034 EAST

249091.831

5562049.599

19.649

vertical

vertical

G034 WEST

249091.279

5562049.696

19.931

vertical

vertical

G035

249142.476

5562030.764

19.464

vertical

vertical

G036

249184.313

5562015.301

18.948

vertical

vertical

G037

249693.693

5562063.404

5.498

vertical

vertical

G038

249738.296

5562018.640

3.669

286° 35' 15"

84° 07'

G039

249699.619

5562182.869

5.186

vertical

vertical

G040

249749.693

5562223.421

4.726

vertical

vertical

G041

249750.403

5562285.146

5.605

vertical

vertical

G042

249750.754

5562354.292

7.038

vertical

vertical

G043

249813.686

5562026.969

4.761

vertical

vertical

G044

249845.000

5562170.000

5.000

73

60

WB1

249933.307

5562295.685

4.13

vertical

vertical

WB2

249923.392

5562118.465

3.41

vertical

vertical

WB3

249887.930

5561994.233

4.86

vertical

vertical

BH4

249762.037

5561817.066

12.60

vertical

vertical

BH5

249519.569

5561837.563

13.27

vertical

vertical

BH6

249620.725

5562074.715

8.53

vertical

vertical

WB7

249814.502

5561848.541

10.92

vertical

vertical

WB8

249660.173

5561848.151

13.10

vertical

vertical

WB9

249760.067

5562113.218

5.06

vertical

vertical

Notes: WB and BH – water bore hole; G – rock core sample bore hole
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2.12 Hazards and Risks
2.12.1 Submission Issues
•

Identify contingencies to deal with oil spills that may impact on marine habitat.

•

There is potential for an oil spill entering the marine environment to impact on
the water quality and marine species, including the local penguin population.

•

Risk of dam failure would impact Grassy Bay.

•

Consider hazardous materials resulting from blasting materials.

2.12.2 Response
Spills
As discussed in the DPEMP measures designed to prevent and contain spills such
as, but not limited to:
•

Bunded fuel tanks;

•

Designated hardstand areas for fueling trucks and equipment;

•

Use of oil traps to intercept oil contamination of run-off from refuelling
areas and workshops; and

•

Establishment of designated oil storage areas.

In the event that a significant fuel spill from the site were to spread in the immediate
marine environment, KIS would work with King Island Port Corporation Pty Ltd
(subsidiary of TasPorts) and the DPIWE Environment Division, which both provide
advice and materials for containing and recovery of marine-based spills under the
King Island Port Corporation Oil Spill Response Contingency Plan.
The DPEMP (SEMF 2006) addresses the critical components of responding to
fuel/oil spills of any size or environment, including:
• A risk assessment (DPEMP Appendix Q) that identifies the hazard of
oil spills as low risk.
• The potential impacts are identified in Section 5.15 and 5.16 of the
DPEMP and broadly identify KIS's key strategies relating to:
•

Standards and resourcing requirements;

• Management policies, plans and procedures relating to incident
reporting and spill response;
•

Training in incident reporting and oil spill containment; and

•

Maintenance practices through documented procedures.

• Proposed diesel supply, transfer and storage operations compliance
with Australian Standard 1940.
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• Major refuelling operations will be conducted at the Port and fuel is
transferred by private road to the mine site.
• Limited quantities of fuel are stored on site in areas to be bunded
according to AS 1940.
The role of the DPIWE in a marine spill is described in the National Plan to combat
pollution of the sea by oil and other noxious and hazardous substances (the National
Plan – Appendix 1), which is found on the Australian Marine Safety Authority (AMSA)
website (http://www.amsa.gov.au/Marine_Environment_Protection/National_Plan/).
Subsequent to the DPEMP (SEMF 2006) a survey of marine birds has been
undertaken (refer to Section 2.4). The results of the survey indicate little penguins
and Shearwaters do use the area to the south of the site (adjacent to the port) for
nesting. It is therefore reasonable to include specific details of responses to spill
scenarios in the marine environment in spill response procedures that KIS have
committed to developing in the DPEMP.
Dam Failure
Refer to Section 2.1 for discussion about the safe guards regarding the tailings dam
construction.
Blasting Materials
Blasting will be undertaken by qualified specialist operator who will manage all
blasting related issues. Refer to Section 2.2.2 for details relating to heavy metals.
2.13 Visual Considerations
2.13.1 Submission Issues
As noted in Section 2.7, there has been no fixed or mobile lighting associated with
the proposed mine site since decommissioning.
•

Excessive lighting can disturb the night sky and impact on local nighttime
visual amenity.

•

Concern regarding impact on visual amenity from sites around the mine
requires further assessment.

•

Rehabilitated tailings dam visual impact from Grassy and the potential for
noise and dust pollution from this location.

2.13.2 Response
As discussed in Section 2.7, the mine lighting will be directed towards the ground and
shaded. This management will also prevent excessive lighting towards the Grassy
Township and public areas around the port.
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Additional visual impressions of the landscape associated with the reclamation are
provided in Figure 10 and Figure 11.
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Supplement to Development Proposal and Environmental Management Plan

Figure 10: Visual impression of reclamation from the breakwater prior to reclamation and development

Figure 11: Visual impression of reclamation from the breakwater with reclamation and contractor facilities in the foreground, and processing plant
in the background
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Figure 12: View from Grassy township lookout prior to reclamation and pit expansion

Figure 13: View from Grassy township lookout with reclamation and expanded pit
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Figure 14: View of Tailings Dam from Myrtle Street, Grassy township Stage I

Figure 15: View of Tailings Dam from Myrtle Street, Grassy township Stage II
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2.14 Traffic
2.14.1 Submission Issues
•
•

Royalties from KIS should be directed to road improvement as a result of the
extra traffic and deterioration of roads.
Safe access by foot and bicycle to:
•

The littoral environment and Grassy Harbour;

• Shopping in Grassy township including establishment of pedestrian
crossings and monitoring to ensure adequacy; and
•

Bicycle access to Currie via the Currie – Grassy Road.

2.14.2 Response
State & Local Government Fees (eg. mine royalties and rates)
It will be at the discretion of the State Government and KIC to determine funding
priorities for the various State and Local Government fees applicable to KIS.
Safe Access
KIS will ensure that foot and bicycle access to the littoral environment and Grassy
Harbour are provided 18. A suitable access path will be determined in consultation
with the Grassy community, taking into consideration mine safety requirements. A
possible access path option is shown in Figure 2.
Upgrades to provide for safe access to shopping etc in Grassy township will not be
the responsibility of KIS. However, KIS will ensure that its employees and
contractors, through its Code of Conduct, are fully aware of the need to maintain
Grassy as a safe and pedestrian friendly, environment.
2.15 Economic & Social Impacts
2.15.1 Submission Issues
•

The DPEMP does not address adequately the impacts and compensations to
the majority of established Grassy residents. A relocation compensation
package should be considered if impacts from mine operations couldn’t be
minimised to the satisfaction of Grassy residents.

•

It is noted that support was provided for the potential to expand Grassy Port
by utilising the overburden to provide a suitable breakwater. One submission
indicated provisional support for the mine proposal if the application is
conditional upon agreement between the proponent and various stakeholders

18

Commitment: Provide safe access to the foreshore.
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for phasing in Grassy Port expansion by utilising the overburden to provide a
suitable breakwater.
•

KIS needs to demonstrate that adequate housing for employees will be
provided.

•

Demonstrate that the workforce will not negatively impact on services and
local industry. Demonstrate where the workforce will come from on King Island
and from off island.

•

Was a cost benefit study undertaken?

•

Assess the mine’s impact on the “clean and green” appeal and marketing
image of King Island.

•

Increased demand on existing services (education, health, shops etc) should
be dealt with by KIS.

•

Increased demand on shipping, air services, postal etc including additional
freight requirements to and from King Island resulting from the construction and
ongoing mine operation should be dealt with by KIS.

•

Noise impacts on local residents from nighttime shift workers.

•

Responsible agent for the Code of Conduct and enforcement.

•

Impact of mining culture on Ballarat Clarendon College students.

•

Provision of methods to integrate off island workers into island life.

•

Establish police presence in Grassy.

•

Community Code of Conduct for KIS and KIS employees agreed with the
Grassy community.

•

Table 6 of the DPEMP should indicate how issues raised through the public
consultation process have been or will be addressed.

•

Additional information is required on employment, capital investment and
flow-on effects for each of the over-burden disposal options. The economic
benefits of the alternatives will need to be considered.

2.15.2 Response
Compensation
KIS are committed to operating the mine in accordance with Best Practice
Environmental Management principles. KIS is also committed to working closely with
the Grassy community, as a whole and individually, should specific issues
concerning the operation arise throughout the life of the project.
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Port Expansion
KIS will stay involved in discussions with KIC, the State Government and TasPorts
regarding the opportunity for port expansion. At the request of KIC, KIS has formally
written a letter of support for the port expansion feasibility study.
Accommodation
A preliminary qualitative audit of existing accommodation has been completed by KIS
(refer to Table 15 and Table 16), and a “Registration of Interest and Capabilities”
including accommodation has also been undertaken. An advertisement in the King
Island Courier received responses from King Island businesses interested in
providing services, including accommodation to KIS. The registration is not provided
here for privacy reasons. However, a total of 40 businesses and 9 individuals
registered interest in providing services including 17 (businesses or individuals)
relating to accommodation.
The take-up of existing accommodation is difficult to estimate, however both
construction and operational personnel will be encouraged to use existing
accommodation in Grassy and more generally on King Island where this is
appropriate and available.
During construction, the shortfall of accommodation requirements will be made up by
establishment of temporary portable accommodation on land owned or otherwise
secured by KIS. During ongoing operation, KIS will encourage personnel to take-up
existing accommodation.
KIS does not intend to develop new housing as part of the project, but will provide
support and encourage others who wish to develop suitable accommodation in
Grassy and other areas of King Island through appropriate arrangements such as
long-term (10-year) financial agreements.
Manning Levels
Personnel requirements during construction and on-going operation have been
estimated as part of project planning. Estimates of construction manning levels are
provided in Table 17 and Figure 16.
Table 15: Potential Accommodation Availability
Type of Accommodation

Available Beds

1

4 Star commercial accommodation (self contained)

5

2

Units (self contained)

3

3

Lodge (self contained)

20

4

Villa (self contained)

13

5

Lodge

6

Units (self contained)

26 beds
7

Potential accommodation, if developed
7

Cottages (self contained)
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Type of Accommodation

Available Beds

8

Unit (self contained)

1

9

Holiday village (self contained)

15

10

Units (self contained)

11

Houses for Sale or Rent
11

3 Houses for rent

11

12

1 House for sale

3

13

2 Houses for rent

6

Total

110 rooms + 26 beds = 136

Table 16: Available Land with Potential for Development
Land for Sale
1

3 subdivided titles on 32 acres

2

50+ residential blocks ready for subdivision approval

3

45 blocks require rezoning

5

2 serviced blocks

6

5 serviced blocks

Personnel Requirements
SGS Economic and Planning have provided additional background information
regarding how the personnel requirements of the mine will impact on the King Island
workforce. The impact on the employment market on King Island will depend
significantly on:
•

The recruitment practices of the mine;

• The employment and recruitment practices of other employers on the
island; and
•

The sophistication and past experiences of the workforce.

If the mine chooses substantially to recruit off-island it will have less impact on other
sectors on King Island than if it recruits on the island. At the same time, if it recruits
only off-island it could be regarded as denying King Island residents some of the
benefits of the mine – potentially higher paying or permanent rather than seasonal
work for some, or opportunities for others currently unemployed.
If the mining company recruits primarily on King Island, the impact is likely to be
substantial. As noted in section 4.1 of the Economic Impact Assessment (DPEMP
Appendix T), the total projected increase in employment will be equal to 20% of the
total current labour force on the island. It is for this reason that it was recommended
the majority of recruitment is done off-island.
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Of almost equal significance to the recruitment by the mine is the indirect
employment gain, estimated to be slightly larger than the direct employment gain.
For many of the positions generated, recruitment off-island may be required as the
skills may not be available locally – teachers, health care workers, some trades.
However, the majority of positions in retail, accommodation, cafes, meat and dairy
are likely to be recruited on the island in the first instance. This will create
substantially increased competition for local labour.
The impact on other employers will depend upon their specific circumstances:
• If employers have good employee relations and treat their employees
well, losses should be minimal. However, they may find they have to go offisland to recruit additional staff.
• If employers pay poorly, offer poor conditions and have poor
employee relationships, they may find that workers are lost to the mine or
other, new employment opportunities, even if the mine recruits primarily offisland.
Nonetheless, there is likely to be a period of adjustment as labour demand grows
strongly initially with the likelihood of shortages in some sectors. While some
additional population will be attracted to the island (and some young people remain
who otherwise would have left), this is most likely to be addressed by efforts to recruit
off-island contributing to the predicted population increase of 200-250 persons.
KIS have had initial discussions with the King Island employers group to review the
potential impacts of the KIS operation. There is recognition by the other employers
that competition for people will increase with the commencement of the mining
operation and that some staff will change employers. However, it is also recognised
that this can create opportunities for all employers with potential employment
synergies. For example, the spouse of a KIS employee may in turn have appropriate
skills for other employers on the island, thereby increasing the available labour pool.
Some sectors are experiencing shortages of skilled labour at a national level. These
are likely to find greater difficulty on King Island as well unless special efforts are
made to attract new residents. These sectors include:
•

Health care;

•

Engineering trades;

•

Electrical trades;

•

Motor vehicle service and repair trades;

•

Some construction trades; and

•

Some food trades.

The following table details personnel requirements during the first year of
construction. Note that the total number of people on site per month is as low as 16
and peaks at 90. This relates to equal average passenger outbound and inbound
movements per month, which range between 26 and 128 movements per month.

May 2006

Page 66

DPEMP SUPPLEMENT
King Island Scheelite Mine Redevelopment

Table 17: Manning Estimates for First Year of Operation
Sep-06

Oct-06

Nov-06

Dec-06

Electrical &
instrumentation

-

-

-

-

EDPM

9

9

9

9

Structural steel &
process buildings

-

-

-

Piping & mechanical

-

-

Construction

5

Buildings & offices

Jan-07

Feb-07

Mar-07

Apr-07

May-07

Jun-07

Jul-07

Aug-07

6

25

25

31

31

6

-

18

18

18

18

18

9

18

27

3

11

13

13

11

3

-

-

-

-

-

-

-

14

29

29

43

29

-

5

2

1

1

1

1

1

1

1

1

2

-

-

-

-

-

-

-

16

24

24

16

-

Earthworks, site
prep, roads &
landscaping

3

5

1

1

1

1

1

1

1

1

2

3

Concrete &
foundations

-

-

3

6

6

8

6

2

-

-

-

-

Total people on
site

17

18

16

20

37

48

79

102

106

109

72

32

Avg passenger
outbound

28

30

27

12

61

79

130

168

174

179

119

53

Avg passenger
inbound

28

30

27

12

61

79

130

168

174

29

119

53

Figure 16: Graph of Estimated Monthly Manning from July 2006 to June 2007

Figure on next page.
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Cost benefit study
In Section 1.5 of the DPEMP there is a discussion about the consequence of not
proceeding with the redevelopment. The description of the relevant economic
analysis is provided in Section 8 of the DPEMP and provided in full in Appendix T of
the DPEMP. In addition, the SGS Economic and Planning (Appendix T) report
provides some degree of assessment of the impact on the “clean and green” appeal
and marketing image of King Island.
Local services
SGS Economic and Planning contacted representatives of the four services listed for
comment on their capacity to cope with an increase of about 200 – 250 additional
residents. SGS notes that this would return the King Island population to levels of
about 1996-97, and still be only about two thirds of the previous peak population of
the island. Most of the infrastructure on the island was originally able to support this
much larger population.
• The fire service representatives thought the service would benefit as
they could be eligible to receive more resources from the State Government
and would likely attract more volunteers from the additional population.
They have previously served this larger population.
• The school buildings are big enough, having previously held up to 540
students but with enrolments now at 260. The school would require
additional resources (teachers, supplies), but these are provided by the
State Government education department based on enrolment, if the extra
enrolment figures were provided before the beginning of the school year
(1st March). There is sufficient additional school bus capacity.
• The police spokesman expected no additional resources and
considered that the additional population would further stretch resources
that are already tight at times.
• The hospital has additional bed capacity most of the year although at
times it reaches 80% capacity. The projected population increase is about
15%. Senior management believe that the current staff could serve an
increased population, but some of the service delivery staff already is
reported to be heavily loaded. The private doctor’s surgery is currently
booked a week in advance. It appears that some additional health care
staff may be required but detailed planning has not been undertaken to
establish this.
It is notable that most respondents from the different organisations felt that both the
reopening of the mine and the increase in population would be a good thing for the
island, in spite of some of the short term adjustments required. They cited as
examples:
•

The school would be able to offer an expanded curriculum;

• There are potentially more people to draw on for volunteer fire fighting;
and
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• The larger population will help retain services at the hospital that might
otherwise be at risk.
In each case the additional resources required are staff and some consumables but
not major infrastructure. Resources to fund these are provided centrally by the
agency according to assessed levels of demand and will normally flow to locations
with growing population and need.
KIS will endeavour to provide early notification to agencies of expected changes to
assist the required transitions. These longer lead times may also assist where
recruitment may be difficult.
KIS does not intend to establish or operate businesses other than the scheelite mine.
KIS does however intend to support local businesses where practical and effective.
This, combined with an increase in local population, would typically promote new
businesses and encourage existing businesses to expand their range of services and
facilities.
Shipping
Table 18 provides a summary of the freight shipping requirements by KIS through the
Port of Grassy during the 12-month construction period. All of these movements
should be considered additional to existing movements.
When construction begins in July 2006, construction will require 10 freight
movements. At the maximum, in October 2006, 259 freight movements will be
required to meet the demands during construction.
Discussions have commenced with several freight providers and passenger transport
providers (airlines) and are ongoing. These discussions indicate that existing service
providers have adequate capacity to manage the additional loads, in some cases by
scheduling special or additional services. KIS will ensure that sufficient additional
capacity is made available to meet construction and operational needs of the mine.
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Table 18: Summary of Monthly Freight Movements in 2006/07
Equipment
Large mobile equipment
(in and out bound)

Sep-06

Oct-06

Nov-06

Dec-06

Jan-07

Feb-07

Mar-07

Apr-07

May-07

Jun-07

Jul-07

Aug-07

Sep-07

9

6

-

-

-

14

2

-

-

-

3

2

2

Ball mill heavy large
loads (in bound only)

2

Containers (in bound
only)

2

Containers (out bound
only)
Portable buildings (in and
out bound)

18

9

Totals per month

18

17

April 2006

2

6

23

25

30

21

48

63

34

2

2

-

2

6

23

25

30

21

48

63

34

2

2

13

7

52

13

8

29

50

69

Draft Rev 0

53

71

111

97

Page 70

4

DPEMP SUPPLEMENT
King Island Scheelite Mine Redevelopment

Economic Assessment of Overburden Alternatives
The cost of construction of an overburden disposal site and transport of the
overburden material are the economic issues that significantly differentiate the
alternative sites of Nichol Creek, the Oakey property and the reclamation option. The
factors influencing the construction costs of the three alternatives are discussed in
Section 3.4.1 of the DPEMP. The reclamation option is the least costly in terms of
transport costs, as it involves transporting overburden the shortest distance.
Employment
Employment related to overburden management will not vary based on the three
alternatives considered.
Capital Investment
In terms of capital investment, the Nichol Creek and Oakey property would both incur
similar capital costs including a capital cost associated with purchasing or leasing the
land from the private landholders. The cost of the Oakey site may be slightly less
than the Nichol Creek property due to its cleared nature and pasture species for
cattle grazing.
The cost associated with the reclamation will be based on Crown Land permits and
licensing. It is critical to note that a sea wall has to be built in order to mine for the
proposed 10-year mine life to prevent inundation from the sea. Therefore the cost
associated with engineering the sea wall would exist whether an alternative land
based disposal option was selected over the reclamation.
Otherwise, capital investment in terms of equipment requirements would be the same
for each site.
Flow-on Effects
In terms of flow-on effects for each of the overburden disposal options, the
reclamation option will have the greatest potential for flow on effects. The Nichol
Creek and Oakey sites will be degraded in terms of rehabilitating to pasture. While
the reclamation option has the potential to be developed for port related uses and
there is potential for development of a new port breakwater. In addition, the
reclamation option provides the opportunity for an extended life of the mine 10-20
years.
There are no immediate benefits to the public anticipated from using any of the
alternative land based overburden sites. The reclamation option does provide the
opportunity for significant community benefits, if a new harbour were created and the
reclamation area will become useful land after mine operations cease. It is however
noted that there would be no increase in traffic on public roads associated with the
three alternatives considered.
Noise Impacts on local residents from nighttime shift workers

May 2006

Page 71

DPEMP SUPPLEMENT
King Island Scheelite Mine Redevelopment

As noted in Section 2.9, extended environmental noise monitoring and weather
monitoring at Grassy will be undertaken prior to commencement of development on
the mine site. The objective is to establish a correlation between wind speed and
direction and existing ambient noise levels in Grassy. This baseline data may be
used to compare pre and post mine operation for mine emissions and noise in town.
In addition to the existing noise monitoring information and the proposed extended
environmental noise monitoring, the Code of Conduct will be used to manage mine
employee activities off-site when off duty.
Code of Conduct and Enforcement
All incidents or complaints received by members of the public or employees will be
responded to by undertaking corrective action. The corrective action process will
include:
•

Investigation of the cause of the incident / complaint;

•

Description of incident / complaint;

•

Immediate corrective and preventative actions;

•

Proposed ongoing corrective and preventative actions;

•

All correspondence and documentation; and

•

Follow-up of success or failure of corrective and preventative actions.

KIS wish to become integral members of the King Island community. As such they
have committed to work closely with the local community throughout the life of the
mine.
This willingness to work with an open approach has been clearly
demonstrated by KIS by the extensive consultation process it has undertaken during
the planning and environmental approval phase of the project.
Impact of mining culture on BCC
As noted by BCC the mine will provide some valuable learning opportunities for
students of BCC such as:
• Understanding of the environmental and industrial complexities of the
mining enterprise; and
• Introduction to the industrial processes from an engineering
perspective.
KIS will be keen to work with BCC to identify and implement these opportunities into
the future. These opportunities may include bun not be limited to:
•

Assistance with preparation of course materials;

•

Provision of lectures, workshops;

•

Site visits; and

• Student involvement in design, implementation and monitoring of
environmental monitoring and rehabilitation programs.
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KIS has already participated in a workshop session with BCC students as part of the
community consultation process for the DPEMP.
In order to prevent negative experiences for the BCC, KIS will work closely with BCC
to ensure the mine Code of Conduct requires the mine employees to function in a
way that is consistent with the Grassy community.
Provision of Suitable Culture
KIS are aware of the issues relating to mine work and employee well-being which
may effect the greater community. Components of the KIS approach to assist the
integration of mine workers into the King Island community integration program
include:
•

Planning social activities;

• Providing good communication links with family (video conference,
email and phone calls);
•

Family service policy that is transparent, consultative and fair;

• Recognise the contribution of mining wives/husbands/partners to the
overall community;
• Provide an environment of mutual respect and open communication
about work practices; and
• Allowing time for these activities as well as time to reflect and attend
to individual affairs.
KIS will keep abreast of research into sustainable work practices for mine
employees.
Recent experience in the mining industry in remote locations (eg. Sons of Gwalia
mine at Greenbushes, refer to Appendix I) demonstrate that modern mines become
an integral and positive part of their local communities.
Response to Community Concerns
Table 6 of the DPEMP summarises the concerns raised by the community during the
preliminary consultation process and provides a brief response to the concerns.
More details are provided in relevant sections of the DPEMP. This supplement
provides response to the additional concerns raised by the public as a result of the
public advertising period of the DPEMP. Every effort has been made to address the
concerns in this document.
2.16 Decommissioning
2.16.1 Submission Issues
•

Include “control erosion of sea wall” to list of decommissioning objectives.
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•

Include maintaining the structural integrity of the sea wall to the list of 5 broad
rehabilitation tasks.

•

What ‘suitable time’ is proposed for stability monitoring for the sea wall
considering the erosive force of wave action is continuous.

2.16.2 Response
An additional objective of the decommisioning and rehabilitation plan (DRP) is to
ensure the sea wall is stable over the long-term19. Methods of controlling erosion of
the sea wall and a time line for stability monitoring will be included in the DRP.

19

Commitment: Sea wall stabilisation and erosion control are objectives of the DRP.
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3

ADDITIONAL COMMITMENTS

In response to the submissions and upon review of the additional information,
additional commitments have been made by KIS and are summarised in Table 19.
Table 19: Summary of Additional Environmental Commitments
No.

Description

Responsibility

Timing
(year)

1

Coastal geomorphologist to map raised beach.

KIS

1

2

Blasting will be designed and undertaken in accordance
with the appropriate standard(s).

KIS

1

3

Baseline monitoring of rainwater tanks will be
undertaken.

KIS

1

4

Transmissivity testing will be ongoing during pit
construction.

KIS

Ongoing

5

A second marine biological baseline-sampling event will
be undertaken in June 2006.

KIS

1

6

Undertake ongoing marine biological monitoring 6monthly for 3 years.

KIS

1 to 3

7

Undertak e exotic species survey 6-monthly for 3 years.

KIS

1 to 3

8

Weekly inspections of the sea wall will identify areas
requiring repair and an incident report will be completed
to ensure repair is undertaken. Note this replaces
commitment 40 in Table 48 of DPEMP.

KIS

Ongoing

9

Long-term protection of a suitable offset area will be
organised with agreement from the Forest Protection
Authority.

KIS

1

10

Propagation and replanting of Pimelea axiflora will be
undertaken in the area under covenant.

KIS

1

11

A permit to remove threatened species will be attained
for Elaeocarpus reticulatus.

KIS

1

12

Develop a Seabird Management Plan prior to
commencement of mine activities.

KIS

1

13

No fixed lighting will be directed skyward.

KIS

Ongoing

14

Incorporate orange-bellied parrot foraging habitat
management in the Decommissioning and Rehabilitation
Plan for the site.

KIS

1

15

KIS will provide information about the final process and
flotation reagents when it is available and prior to
commissioning.

KIS

1

16

If tailings contain unsuitable quantities of sulphides and
metals as a result of flotation, these tailings will be
managed separately from the gravity tailings and an
EMP for acid sulphate soils will be developed.

KIS

1

17

KIS will provide MSDS for all flotation reagents once
confirmed and prior to commissioning.

KIS

1
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No.

Description

Responsibility

Timing
(year)

18

Provide safe access to the foreshore.

KIS

1

19

Sea wall stabilisation and erosion control are objectives
of the DRP.

KIS

2
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APPENDIX A: Addendum to Flora and Fauna Report for proposed Scheelite
mine at Grassy, King Island (Welling 2006)
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Addendum to flora & fauna report for proposed Scheelite mine at Grassy – King Island.

1. Introduction
The following addendum report provides additional information regarding the flora
and fauna values of an area of native vegetation that will be impacted upon by a
proposed Scheelite Mine at Grassy, King Island. This report should be read in
conjunction with the initial report ‘Flora and Fauna report for Proposed Scheelite

Mine, Grassy, King Island’ (Welling, 2005).

The additional information was requested as part of a review of the Development
Proposal and Environmental Management Plan (DPEMP) for the Grassy scheelite
mine and followed a meeting with state agencies on the 17th March 2006.

Table one provides a summary of the flora and fauna issues that required further
investigation.

Table 1 – Flora and fauna issues to be investigated further as part of the proposed tailings dam.
Issue #

Issue

Action

Determine the exact location of a known
Pimelea axiflora plant in relation to the 42 m
contour line (height of tailings dam) and search
for additional plants.
Determine the impact of the proposal on
threatened plants including Hedycarya
angustifolia, Pimelea axiflora and Elaeocarpus

Conduct detailed search for Pimelea
axiflora in the impact zone.

FLORA
1

2

Conduct detailed survey of the
vegetation to be removed on and
below the 42m contour line.

reticularis
3

4

5

Determine other prospective habitat of Pimelea
axiflora, commencing with the creek line and
humid slopes to the north of the tailings dam
particularly above the 42m contour.
Assess options for areas suitable for offset
package to be endorsed by FPA, which meets
requirements under the NHT Bilateral
Agreement.
Depending on the findings of these surveys it
may be necessary to survey other prospective
habitats in the Grassy area.

Conduct detailed survey of the
bushland gullies above the 42m
contour line behind the tailings dam.
Conduct detailed assessment of
shark fin shape area of forest
vegetation above the 42m contour
line.
Assess once additional surveys
have been conducted.
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Issue #

Issue

Action

Determine presence/absence of KI brown
thornbill, KI scrubtit, green & gold frog,
Peron’s marsh frog & southern hairy red snail.
Determine impacts on fairy penguins in area of
foreshore that will be reclaimed.

Conduct specific surveys of habitat
within the area to be impacted by
the tailings dam.
Survey of foreshore area within
reclamation area to be carried out
to determine number of nest sites.
Determine the location and extent
of fairy penguin and mutton-bird
rookeries in the immediate area.
Sea Bird Management Plan to be
developed.
Sea Bird Management Plan to be
developed.

FAUNA
6

7

8

9
10

Consideration of impacts of mine on fairy
penguin and mutton-bird rookeries, especially
during breeding season. Impacts include
blasting, mine lighting, reclamation of
foreshore, vehicle movements etc.
Long term monitoring should be undertaken to
determine impacts of the mine on fairy
penguins.
Consideration of impacts on potential food
source for orange-bellied parrot.

Assess the extent of orange-bellied
parrot food source on the site.

The additional information required was collected during field surveys, carried out
from the 10th – 12th of April 2006.

The following outlines the findings of these surveys.

2.

Flora Issues

(i) Background
All additional flora issues in relation to the tailings dam are based around the
impact on threatened flora species and threatened vegetation communities.
The initial surveys located three (3) threatened species amongst the vegetation
and identified two (2) threatened forest communities.
A detailed assessment of the impact of the proposed tailings dam on these values
was unable to be determined during the first survey as the height of the tailings
dam (42m contour line) could not be determined with any degree of accuracy (due
to the dense nature of the vegetation).
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For the purposes of the current survey the 42m contour line was established at the
edge of the tailings dam site by surveyors. A hand held altimeter was then used to
plot the 42m contour line across the site so that the impacts of the dam could be
more accurately assessed.

Once the 42m contour line was established, the area below this level could be
surveyed to determine what would be impacted upon by the construction of the
tailings dam. The area above the line could also be assessed to determine what
values were contained within the vegetation that is to be protected as part of an
offset package.

(ii) Methodology & Results
All areas were searched over a 2-day period.

Issue 1 – Location of Pimelea axiflora plants &
Issue 2 – Other threatened plants and communities within the impact zone
The location of the 42m contour line was surveyed out and an altimeter was then
used to approximately plot this height across the entire site. The area between
this level and the rehabilitated tailings site was then traversed numerous times in a
zigzag manner. All drainage lines were surveyed in detail as they contain the prime
habitat of the Pimelea axiflora and other threatened species known from the area.
Due to the dense nature of the vegetation the accuracy of the altimeter was
compromised and as a result there was up to 5m height inaccuracies in the
readings. The survey peg and the altimeter did however allow for a much more
accurate assessment of the impacts of the dam than during the previous surveys.

The location of any threatened species within this zone were recorded using a
hand held GPS unit (to an accuracy of +/- 10m).
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The approximate extent of the different vegetation communities in relation to the
42 m contour line were also recorded. This information will be used to quantify the
impacts and assist with the determination of the offset package.

Results –
Location of Pimelea axiflora plants - Two (2) Pimelea axiflora plants were
located during the survey. The plant recorded by Duncan during his survey in
October 2005 was located in the western most gully at approximately the 50m
contour level (Figure 1). No other plants were recorded further down this gully
within the dam impact zone. An additional plant was recorded at the other end
of the site in another small gully (Figure 1). This plant was deemed to be
located below the 42m contour line and therefore the individual plant would be
impacted upon by the proposed tailings dam.

Other threatened plants and communities within the impact zone - A detailed
survey of the area at and below the 42m contour line revealed that one (1)
other threatened plant species occurs within the tailings dam impact zone.

There were approximately 14 Elaeocarpus reticulatus plants (blueberry ash)
recorded within the impact zone predominantly at the eastern end of the site
(Figure 1). Some of these plants occur around the 42m contour line and
therefore not all 14 plants will necessarily be disturbed by the dam
construction.

The distribution of Hedycarya angustifolia plants (Austral mulberry) amongst
the vegetation around the dam impact zone was also investigated. No plants
were recorded within the impact zone however a number were recorded above
the 42m contour line (Figure 1).

The vegetation that will be impacted by the tailings dam is predominantly
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Melaleuca ericifolia forest as previously reported. Some portion of this
community does occur above the 42m contour line and a small portion of the

Eucalyptus globulus King Island forest occurs below the 42m contour line.
During the current more detailed survey a portion of vegetation that is
dominated by mallee form Eucalyptus viminalis was also mapped. It occurs
below the existing road down to approximately the 40m contour line (Figure 1).
A small portion of this E. viminalis woodland will be impacted upon by the
proposed tailings dam however the majority of the community is outside the
impact zone.

Issue 3 - Locations of Pimelea axiflora amongst the forest vegetation &
Issue 4 – Values of the retained vegetation.
The vegetation above the 42m contour line was traversed from east to west and
from north to south in a zigzag manner and all gullies were surveyed in detail as
they provide the most suitable habitat for threatened flora species known from the
area.
The location of any threatened species within this zone were recorded using a
hand held GPS unit (to an accuracy of +/- 10m).

Results –
Locations of Pimelea axiflora amongst the forest vegetation - A search of the
vegetation communities above the 42m contour line revealed that only the
mature plant recorded by Duncan (Oct 2005) occurs in this area. Although the
site contains other suitable habitat no other specimens were recorded.

Values of the retained vegetation - The area of vegetation above the 42m
contour line is dominated by Eucalyptus globulus King Island forest. There is
also a small amount of Melaleuca ericifolia forest above this level and large
mature trees are also sub dominant throughout the blue gum forest. Both these
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Figure 1 – Vegetation communities and threatened species around tailings dam.
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communities are considered to be threatened vegetation communities on King
Island and have high conservation significance. As mentioned above the
retained native vegetation also contains approximately 2Ha of mallee form

Eucalyptus viminalis woodland.

The forest vegetation that is to be retained also contains the following
threatened species.
1. Hedycarya angustifolia (Austral mulberry) - There are more than 50
specimens of the Hedycarya angustifolia above the 42m contour line,
including mature trees up to 6m high and many seedlings.
2. Elaeocarpus reticulatus (blueberry ash) – Approximately 20 mature
plants and a number of seedlings were recorded in a number of gullies
above the 42m contour lines (Figure 1).
3. Pimelea axiflora (bootlace bush) – As mentioned above one (1) specimen
recorded by Duncan (2005) occurs above the 42m contour line in the
gully close to the existing road.
4. Leucopogan lanceolatus (lance beardheath) – A number of specimens
were recorded by Duncan (2005) in the drier areas at the northern end
of the E. globulus forest.

In addition to these four (4) species, the sandy Eucalyptus viminalis woodland
provides potential habitat for the threatened orchid Caladenia pusilla. Duncan
(2005) recorded this species on the other side of the mine site in very similar
vegetation and therefore this area may contain another threatened species.
This potential habitat will not be significantly impacted upon by the proposed
tailings dam.

Issue 5 – Additional surveys
Based on the results of the current survey and the suitability of the E. globulus
forest remnant as an offset, additional surveying of other areas of vegetation
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within the local area to locate other potential offset values was not deemed
necessary.

3. Fauna Issues
(i) Background
The initial surveys carried out at the site of the proposed tailings dam identified a
number of potential issues in relation to threatened fauna species. The current
surveys aimed to further clarify the presence or absence of a number of bird, frog
and invertebrate species at the site of the proposed tailings dam and wider mine
area.

The identification of the 42m contour line allowed for a more targeted survey of
the impact zones.

(ii) Methodology & Results
Issue 6 – Survey for KI scrubtit, KI brown thornbill, green & gold frog, perons marsh
frog and southern hairy red snail.
Bird surveys – To survey the site for the KI scrubtit and the KI brown thornbill it
was initially proposed to conduct 2Ha/20minute searches morning and afternoon
for 2 days across the impact zones. However due to the dense nature of the
vegetation it was determined that a 500-metre radius area search covering all
vegetation types and repeated on different days should be sufficient to pick up
most birds (Holdsworth, pers comm. – refer to Appendix 2). Birds were identified
by call and visually verified where possible.

Four (4) surveys were carried out over a 4-day period.
1. 8th April (1300-1730hrs) – Conducted by Mark Holdsworth (TSU – DPIWE) and
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Chris Tzaros (Birds Australia)
th

2. 10 April (1000-1200hrs) – Conducted by Andrew Welling
3. 10th April (1540-1730hrs) – Conducted by Mark Holdsworth and Andrew

Welling
4. 11th April (900-1130hrs) - Conducted by Andrew Welling

Results
A total of 37 bird species were recorded during the four surveys (Appendix 1 &
2).

Neither the KI scrubtit (Aconthornis magnus greeniamus) or the KI brown
thornbill (Acanthiza pusilla archibaldi) were recorded during the surveys.
Although there are some elements of the habitat that may be suitable for the
scrubtit, the species should have been found during these surveys if they were
there. There is also no reason to believe that the brown thornbill is at this site
(Holdsworth email report – Appendix 2). ‘Maximising the protection of the
eucalypt forest and old growth Melaleuca will ensure that both species (if they
occur there) will not be adversely affected’ (Holdsworth report – Appendix 2)
by the proposed tailings dam.

Frog surveys – The initial report identified two waterbodies within the
rehabilitation tailings area (Figure 1). These waterbodies were deemed to provide
marginal habitat for the green and gold frog (Litoria raniformis) and Peron’s or
striped marsh frog (Limnodynastes peroni) (page 21 of initial ‘Flora and Fauna
Report’ Welling, 2005). Further investigation during the current survey was
requested by the threatened species unit, DPIWE to assess the condition of these
waterbodies and the surrounding vegetation and to search for tadpoles to confirm
the identification of any frog species present.
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Results
Both water bodies had reduced in volume and extent from the time of the initial
survey. The water body closest to the coastline was completely dry and
therefore does not provide suitable habitat for the green and gold frog or
Peron’s marsh frog. The other waterbody contained approximately 5cm of
water at the time of the current survey. There is no permanent fringing
vegetation of submerged/emergent plant species present in this water body to
provide suitable habitat for either threatened frog species. A search of this
water body also failed to locate any tadpoles.
Two additional frog species were identified during the current survey. The
smooth froglet were heard amongst the forest vegetation (only calls during
autumn) and the brown tree frog was also recorded in one of the gullies.

The following frog species are therefore known to occur at the site;
Banjo frog – Limnodynastes dumerilii
Common froglet – Crinia signifera
Smooth froglet – Geocrinia laevis
Brown tree frog –Litoria ewingii
All these species are considered to be secure on King Island.

Snail survey – The small gullies within the Melaleuca ericifolia vegetation were
deemed to contain potential habitat for the Southern hairy red snail (Austrochloritis

victoriae) and required specific surveying to confirm the presence /absence of this
species. Advice was sought on the searching methodology for this species from
Kevin Bonham (PhD land snail ecology). The potential habitat was searched for a
period of 2-3 hours during which time any large logs were turned over and large
piles of branches and twigs were searched. This species is known to occur
underneath these habitat elements. Any snails found were collected for
identification by Kevin Bonham.
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Results
The southern hairy red snail was not recorded during the survey of the tailings
dam impact zone. Two (2) other snail species were recorded and were
identified by Kevin Bonham as the following;

Helicardion cuvier – A soft flat thin shelled snail which is widespread across
Tasmania. It is common on King Island and may represent a separate
subspecies (requires further study).

Flammulops cf. excelsior – A small pointy-shelled snail. It is a common
endemic snail species on King Island, however it is yet undescribed.
Issue 7 & 8 – Fairy penguin and short tailed shearwater surveys
It is proposed that overburden from the proposed scheelite mine be used to
reclaim an area of coastline in front of the working pit. This reclamation will alter
the existing coastline and impact on any fauna species that utilise this area. There
are records of fairy penguin and short tailed shearwater colonies along the coast in
front of the proposed mine and in the general area.
The coastline from the mouth of the Grassy River, south to the King Island Port
breakwater was surveyed for penguin and shearwater colonies.
The fairy penguin breeding season is completed by April and therefore an exact
count of penguin numbers could not be undertaken. Many adult penguins are
however moulting at this time and therefore a good estimate of active nests can be
made. Any nest hole that showed obvious signs of recent use or contained feathers
near their entrances was counted, as well as any older well-established nests.

Adult short tailed shearwaters have also left their nests by April however there
are fledging chicks still in some nests. As such accurate counts of adult birds to
determined colony sizes cannot be undertaken and no searching of nests is
possible due to the presence of the chicks. Therefore the location and extent of
the shearwater colonies was recorded only.
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Penguin nest numbers along the coast were recorded and the extent of penguin
and shearwater colonies were recorded using a hand-held GPS unit and plotted in
Figure 2.

Results
One (1) small fairy penguin colony was recorded along the coastline within the
mine impact zone (Figure 2). A dozen nest sites were recorded behind the
beach amongst some overhanging rocks. These rocks appear to be part of the
original coastline and not part of previous reclamation works.
Another five (5) small colonies were recorded within the same small bay
(Figure 2). These colonies may be directly or indirectly affected by the
reclamation of the bay.
A large colony is also present along the length of the existing rock sea wall
with the highest density at the end of the wall under the Coprosma plants
(Figure 2).

There are 3 large short tailed shearwater colonies and a number of small
colonies adjacent to the mine lease and surrounding the King Island Port
facilities (Figure 2). These colonies are likely to contain a number of fairy
penguins as well, so access to these colonies by the birds from the water may
be a future issue.

Issue 9 - Long term monitoring of impacts of mine on fairy penguins
Monitoring of the impacts on the mine on sea birds will be outlined in a Seabird
Management Plan that will be produced prior to commencement of construction.
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Figure 2 – Location of known sea bird colonies near mine site.
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Issue 10 – Impact on orange-bellied parrot habitat
There is some potential feeding habitat for the orange-bellied parrot on the mine
site. The extent and condition of this habitat was assessed by Mark Holdsworth
(Coordinator Orange-bellied Parrot Recovery Program – DPIWE) on the 8th April
2006.

Results
A small area of Sarcocornia quinqueflora (beaded glasswort) was recorded to
the east of the Grassy River outflow behind the rocky beach (Figure 1). This
plant is a common food plant for the orange-bellied parrot. Given the location
of this population, close to the southern tip of King Island, it may be utilised by
the parrots on their migration to or from Victoria & South Australia to breeding
grounds in SW Tasmania.
The Sarcocornia at this location is in relatively poor condition and therefore
does not provide a significant food source for the parrot (Holdsworth. pers
comm.). Active management of this vegetation, to allow more frequent
inundation of the area with seawater, may however facilitate the expansion of
this population.
No other foraging habitat was recorded within the mining lease.

Other Fauna
During the current survey evidence of freshwater crayfish species was found in
the old tailings area. Fragments of shells and pinchers were collected and
identified by Niall Doran (DPIWE) as Geocharax gracilis. This species is
considered to be common on King Island and therefore the proposed tailings dam
will have no significant impact on its status on the island.
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4. Discussion
Additional surveys carried out between the 10th and the 12th of April 2006 provided
a more detailed assessment of the impact of the proposed tailings dam on the
native vegetation and threatened flora species and clarified the presence/absence
of a number of fauna species.

Impact on threatened flora species
The specimen of Pimelea axiflora, which occurs above the level of the proposed
tailings dam, should not be affected by the current proposal. The additional
specimen located during the most recent survey is however below the 42m
contour level and would be impacted by the proposed tailings dam.
Given that no other Pimelea plants of this species were recorded within the tailings
dam impact zone or above the dam within the forest vegetation, the tailings dam
would result in a 50% reduction of the population. As this species is known from
only a small number of areas on King Island efforts should be made to propagate
(from cuttings) and replant this species in the gully above the tailings dam to
mitigate the impacts of the mine.

There were a number of Elaeocarpus reticulatus (blueberry ash) trees recorded
during the current survey. Up to 14 trees occur at or below the approximate 42m
contour line, and will be impacted upon by the proposed tailings dam. A further
20+ trees were recorded above the 42m contour line and would not be impacted
by the proposed tailings dam. This species is well represented in other wet gullies
in the local area and therefore the removal of approximately 14 trees will not have
significant effect on the viability of this species. Additionally the 20 trees that
occur in the adjoining forest vegetation should provide adequate protection of the
species.

A significant number of Hedycarya angustifolia plants were recorded above the
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42m contour line that will not be impacted by the dam. This species is also
common in most wet gullies in the immediate area surrounding Grassy.

The removal of any threatened flora species will require a permit from the
Conservation Assessment Branch (DPIWE) as outlined in the initial report.

The proposed tailings dam will result in the removal of approximately 7-8Ha of

Melaleuca ericifolia forest and Eucalyptus globulus King Island forest and 2-3Ha of
scrub complex. Within these areas of forest there are two (2) threatened plant
species that will be impacted by the dam. Both these species are represented in
the vegetation community above the level of the tailings dam so the development
will not result in the loss of these species from the general area.

Offset measures
Approximately 25Ha of Melaleuca ericifolia forest/Eucalyptus globulus King Island
forest that occurs above the proposed tailings dam will not be impacted upon. This
area of vegetation is in excellent condition and contains four (4) threatened plants
as listed above. The long-term protection of this important area of vegetation
through a covenant or some other similar reservation device would provide a
significant offset package to mitigate the impacts of the tailings dam. The Forest
Practices Authority may endorse the permanent protection of high value vegetation
as a suitable offset package for the removal of some threatened vegetation
communities.

Threatened fauna
No threatened fauna species were found at the site during the additional field
surveys.

A detailed search of the forest vegetation around and below the 42m contour level
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found no evidence of the presence of the KI scrubtit or the KI brown thornbill.
If these species were present in the immediate area of the tailings dam (which is
unlikely) there is sufficient suitable habitat above the 42m contour level which will
be retained so as not to impact significantly on these species (Holdsworth, pers
comm.).

The water bodies present within the proposed area of the tailing dam were found
to be unsuitable for the green and gold frog and the Peron’s marsh frog.
Each species requires permanent water bodies such as large dams and weedy
lagoons and both prefer abundant marginal vegetation. The water bodies within the
tailings dam area appear to be largely seasonal and contain no
emergent/submergent vegetation or substantial marginal vegetation.

A comprehensive survey for the southern hairy red snail within the dam impact
zone found no evidence of this species. Two other common and abundant snails
were recorded both above and below the 42 metre contour level and therefore the
tailings dam will not have a significant impact on these species.

Seven (7) fairy penguin colonies were recorded along the coastline between the
mine site and the King Island Port breakwater. A number of these colonies may be
directly impacted upon through reclamation works associated with the mine and
others indirectly through vehicle movements and access to areas of open ocean.

There are also a number of short tailed shearwater colonies in close proximity to
the mine. Mine activities such as blasting, vehicle movements and lighting
associated with 24hr production may impact upon these colonies.

A Sea Bird Management Plan will be developed prior to the commencement of
construction, which will address these issues. It is likely to involve the relocation
of some fairy penguin nests, some restrictions on vehicle movements, erection of
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fencing to direct birds safely to their nests and guidelines regarding lighting
around the mine.

The site contains a small area of degraded feeding habitat for the orange-bellied
parrot. Whilst this area is not considered to be a significant foraging site at
present, active management or rehabilitation of the habitat could increase its
significance. The population of Sarcocornia relies on periodic inundation or
exposure to salt water. Reclamation works carried out during the previous mining
operation restricted its exposure to seawater and thus affected its health. Some
channelling of seawater to this small area could act to rehabilitate this small area
and provide greater foraging habitat for the orange-bellied parrot.

5. Summary and Recommendations
Overall the proposed tailings dam will have an impact on two (2) threatened flora
species and result in the removal of approximately 7-8Ha of a threatened
vegetation community. All threatened flora species that will have individual plants
destroyed as part of the dam construction are also located within the forest
vegetation above the 42m contour level. The permanent reservation of this
significant vegetation will provide an offset for the impacts listed above. It will
provide long term protection for up to five (5) threatened plant species, protect
25Ha of a threatened vegetation community and protect a significant area of fauna
habitat for species such as the KI green rosella and KI yellow wattlebird.
No threatened fauna species will be impacted upon by the tailings dam however a
number of small fairy penguins may be impacted by overburden reclamation. Any
impacts on the penguins can be managed by staging works outside the breeding
season, providing artificial nest boxes and managing vehicle movements and
mining operations in sensitive areas. Any potential negative impacts on the short
tailed shearwater colonies can also be mitigated.
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Recommendations
§

The forest vegetation above the top level of the tailings dam (42m) should
be reserved to provide long-term protection of its high environmental
values. This will act as an offset to the removal of the vegetation below the
42m contour line. Guidelines for the long-term management of this
vegetation should be included as part of the reservation process. These
guidelines are usually negotiated between the covenanting program and the
landholder.

§

The Pimelea axiflora plant that occurs within the tailings dam area should
be propagated from cuttings and replanted into similar gullies within the
reserved forest vegetation.

§

A Sea Bird Management Plan should be developed to mitigate impacts on
the fairy penguin and short tailed shearwater colonies prior to
commencement of construction.

§

The Sarcocornia population at the mouth of the Grassy River should be
retained and rehabilitated if possible as part of the mine development.
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Appendix 1 – Bird Survey results
Bird surveys
Welcome Swallow
Olive Whistler
Bassian thrush
Yellow wattlebird
Spotted Pardalote
Brush Bronzewing

th

8 April (1300-1730hrs)
Tas Thornbill
Dusky Robin
Grey Fantail
Richards Pipit
Skylark
Masked Lapwing
Silvereye
Blackbird
Australian Magpie
Superb Fairy-wren
Tasmania Scrubwren
Forest Raven
Pacific Gull
Silver Gull
Yellow-throated Honeyeater
European Goldfinch
House Sparrow
White-faced Heron
Common Starling
Grey Shrike-thrush
New Holland Honeyeater
Crescent Honeyeater
Black Currawong
Little Pied Cormorant
Welcome Swallow
Olive Whistler

10th April (1540-1730hrs)
Tas Thornbill
Dusky Robin
Grey Fantail
Silvereye
Blackbird
Australian Magpie
Superb Fairy-wren
Tasmania Scrubwren
Forest Raven
Yellow-throated Honeyeater
Black-headed Honeyeater
Strong-billed Honeyeater
Grey Shrike-thrush
New Holland Honeyeater
Crescent Honeyeater
Yellow-tailed Black-cockatoo
Golden Whistler
Green Rosella
Spotted Pardalote
Brush Bronzewing

Off shore
Australasian Gannet
Crested Tern

11th April (900-1130hrs)
Tas Thornbill
Grey Fantail
Silvereye
Superb Fairy-wren
Tasmania Scrubwren
Forest Raven
Australian magpie
Yellow-throated Honeyeater
Black-headed Honeyeater
Strong-billed Honeyeater
Grey Shrike-thrush
New Holland Honeyeater
Crescent Honeyeater
Golden Whistler
Bassian thrush

10th April (1000-1200hrs)
Tas Thornbill
Dusky Robin
Grey Fantail
Silvereye
Blackbird
Australian Magpie
Superb Fairy-wren
Tasmania Scrubwren
Forest Raven
Yellow-throated Honeyeater
Grey Shrike-thrush
New Holland Honeyeater
Crescent Honeyeater
Black Currawong
Little Pied Cormorant
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Appendix 2
Copy of Email from Mark Holdsworth
Dear Andrew,
Following our site visit to the site of the proposed King Island Scheelite Mine to further
assess natural values, please find below details of my findings.

Bird Surveys
I visited the site on the 8th April 2006 accompanied by Chris Tzaros (Birds Australia). We
decided that a 2ha/20minute bird survey as discussed at our meeting was not appropriate
because of the density of the vegetation. Instead, we agreed that a 500-metre radius area
search covering all vegetation types and repeated on different days should be sufficient to
pick up most birds. Accordingly, we conducted a search on that day and I repeated this
with you on the 10th April. The species list for these surveys centred on GR
550250151/5562713 are as follows.
8th April 1300-1730hrs
Tas Thornbill
Dusky Robin
Grey Fantail
Richards Pipit
Skylark
Masked Lapwing
Silvereye
Blackbird
Australian Magpie
Superb Fairy-wren
Tasmania Scrubwren
Forest Raven
Pacific Gull
Silver Gull
Yellow-throated Honeyeater
European Goldfinch
House Sparrow
White-faced Heron
Common Starling
Grey Shrike-thrush
New Holland Honeyeater
Crescent Honeyeater
Black Currawong
Little Pied Cormorant
Welcome Swallow
Olive Whistler

Off shore
Australasian Gannet
Crested Tern
10th April 1540-1730hrs
Tas Thornbill
Dusky Robin
Grey Fantail
Silvereye
Blackbird
Australian Magpie
Superb Fairy-wren
Tasmania Scrubwren
Forest Raven
Yellow-throated Honeyeater
Black-headed Honeyeater
Strong-billed Honeyeater
Grey Shrike-thrush
New Holland Honeyeater
Crescent Honeyeater
Yellow-tailed Black-cockatoo
Golden Whistler
Green Rosella
Spotted Pardalote
Brush Bronzewing
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There are some elements of the habitat that maybe suitable for Scrubtit, however, we
should have found them during these surveys if they were there and most of the mature
paperbark (where they could occur) is above the development zone. Likewise, there is no
reason to believe that the Brown Thornbill is at this site. Maximising the protection of
the eucalypt forest and old growth Melaleuca will ensure that both species (if they occur
there) will not be adversely affected.
As discussed, further consideration is required on the potential impact on the Fairy
Penguin burrows located on the foreshore in the reclamation area.
Mark Holdsworth
Project Manager
Threatened Fauna
Coordinator
Orange-bellied Parrot Recovery Program
Threatened Species Section
Biodiversity Conservation Branch
DPIWE
phone Aus 03 62 336033
fax Aus 03 62 333477
GPO Box 44
Hobart
Tasmania 7001
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DPEMP SUPPLEMENT
King Island Scheelite Mine Redevelopment

APPENDIX B: Public & Agency Submissions Summary (DPIWE 2006)

May 2006

King Island Scheelite
Public, Agency and Council comments
Additional Information Required
A. Relevant Public Submissions
Chapter

Issue

Additional information required

ENVIRONMENTAL ISSUES
5.4 Hydrology

Water quality

5.7

Fauna

5.10 Air Quality

Dust
Dust

NA

Lighting

5.11

Noise & Vibration

5.15

Hazardous Materials

[dpiwe comments 160306.DOC]

Baseline monitoring to establish present water quality in Grassy Bay, Upper Grassy Dam
and Lower Grassy Dam.
Details on how KIS will contribute to a sustainable water supply for Grassy.
Long term monitoring should be undertaken to determine impacts of the mine on little
penguins.
Ore and overburden should be sampled prior to commencement of mining for heavy metal
content.
Baseline monitoring of rainwater tanks should be undertaken prior to commencement of
mining activities.
Consideration of potential impacts on residences of fixed and mobile lighting sources at
mine site.
Consideration of blasting impacts on penguin and muttonbird rookeries, especially during
breeding season.
Contingencies to deal with oil spills that may impact on marine habitat.

Page 1 of 9

B. Referral Agency Comments
Agency

Chapter

Section/
page

Additional information required

Environment
Division
5

10

Dispersion modelling of exhaust emissions should be undertaken.
(Further comments from Noise & Water Specialists and Coastal & Marine Branch to follow)

Water
Resources
Division

Chapter

2
Mineral
Resources
Tasmania

Resource
Management
and
Conservation
Division

3.6
Tailings Dam

Tailings dam must be referred to Assessment Committee for Dam Construction for consideration
in relation to engineering and dam safety.

5

4.1

5
Chapter

11

Further investigations of the transmissivity of the Grassy Fault should be undertaken once
mining commences to determine potential effects of mining on groundwater.
Blast modelling should be undertaken to determine potential impacts on surrounding area.

Chapter

5
5

7 Flora
7 Flora

5

7 Flora

[dpiwe comments 160306.DOC]

Information regarding impact of the proposal on Hedycarya angustifolia and Pimelia axiflora.
More detailed consideration of mititgating impacts on Eucalyptus globulus KI forest, Melaleuca
swamp forest and KI scrub complex.
Consideration of revegetation of offsite area of saltmarsh to replace potential food source for
Orange Bellied Parrot.
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Resource
Management
and
Conservation
Division
(cont)

Marine
Resources
Division

Chapter

5

8 Fauna

5

8 Fauna

5

3.1 Land

5
Appendix
1
Chapter

3.1 Land
7

Survey to determine presence/absence of Little Penguins in area of foreshore that will be
reclaimed.
Information, including targeted surveys, to determine presence/absence of KI brown thornbill,
KI scrub tit, Green and Gold frog, Perons marsh frog, Southern red snail, KI potoroo.
Geoconservation survey of raised beach and associated relict dune complex in southern
exposure of mine.
Information on outlook for the site post-mining, including potential affects of sea level rise.
Modelling of wave and vector currents should be undertaken to determine most stable
configuration for sea wall.

2

2.7.1
Decommissio
ning
Objectives

Suggest adding ‘control erosion of seawall’ to list of decommissioning objectives.

5

5.2.1
Construction
Issues,
Potential
Impacts

Insufficient information on construction of seawall and reclamation.

5

5.4.4
Hydrology,
Monitoring
Requirements

In terms of methodology, the ‘visual monitoring’ mentioned in this section needs to be
elaborated on. It is requested that the DPEMP specify a program that involves obtaining
turbidity meter measurements taken at several points within the bay on a weekly basis.

[dpiwe comments 160306.DOC]
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Marine
Resources
Division
(cont)

Chapter

5

5.15.1
Hazardous
Materials,
Existing
Environment

It is noted that the detail regarding construction of the diesel pipeline and mitigation strategies
regarding pipeline breach will be provided if this alternative (fixed diesel pipeline) is selected.

6

6.7
Conceptual
Decommissio
ning and
Rehabilitation
Plan

It is recommended that maintaining the structural integrity of the seawall be added to the list
of 5 broad rehabilitation tasks.

7

7.1
Monitoring,
Reporting
and Review,
Summary of
Monitoring
Requirements

It is noted that the DPEMP commits to consultation with DPIWE regarding the monitoring
program for marine flora and fauna and coastal processes. Information on the specifics of what
will be monitored, agreed methodologies for sampling and reporting, and the agreed frequency
of monitoring should ideally be included in the DPEMP.

Appendix I

[dpiwe comments 160306.DOC]

Comparative analysis of monitoring data should be undertaken and presented graphically (using
cluster analysis, MDS plots, etc) to clearly show differences between sites. The report should
also contain an appendix of raw data collected from the surveys i.e species lists showing
abundance and diversity.
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(Cmmwlth)
Dept of
Environment
& Heritage

Chapter

1

1.3

1

1.3.3

The proposed mining lease boundaries should be shown.

1

1.8.5

Table 6 should indicate how issues raised through the public consultation process have been or
will be addressed.

2

2.3.7-2.3.8

Further technical detail is required (additional to the brief explanation provided in sections 2.3.7
and 2.3.8) on the construction method and the predicted stability of the sea wall.

2

2.3.7

2

2.3.7-2.3.8

2

2.3.8

The DPEMP should include a visual impression of the landscape of the sea disposal site, similar
to that provided for the on-shore disposal options.

2

2.6.1

Figure 9 is mislabelled as Figure 8.

[dpiwe comments 160306.DOC]

Additional detail is required (such as an over-lay/map of the resource and physical landscape)
to provide context within the landscape (referring to Figures 2 and 8 for this information is not
satisfactory).

Further technical detail/ opinion is required (additional to the information provided in sections
2.3.7 and 2.3.8) to explain why seawater is likely to breach the pit following pit extension
seaward.
Noting that SEMF anticipate the pit extension to be within 20 m of the shoreline between 5 and
7 years from commencement of operations, additional information is required on what
percentage of the resource would remain at that point.
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(Cmmwlth)
Dept of
Environment
& Heritage

Chapter

2

2.8.3

Further discussion and quantification is required for the statements: “does not contain any
significant amount of rock mass containing metal sulphides” and “very small proportion of acid
producing rock” in the DPEMP. While Appendix G contains technical details regarding metal
sulphides and acid-producing rock, it does not adequately address these issues.

3

3.4.3

Additional information is required concerning the physical and environmental impacts from a
seismic event, considering the seawall crosses the fault line, as there appears to be potential
for significant environmental impacts that need consideration as part of the assessment.

3

3.4.3

Discussion on the impacts of acid producing rock on the marine environment should be
expanded to include details of any chemical analyses. Appendix G does not address this issue.

3

3.4.5

This section should be expanded to include the impact of dust on the marine environment (in
addition to the human environment), which is not addressed in Appendix I.

5

5.2

5

5.5.4

5 and
App. J

5.6

Additional information is required to clarify the likely impacts of the changed shoreline
configuration (as a result of the seawall construction and reclamation) on coastal processes
(including off-site impacts).

6

6.8.6

Appendix G (Waste Rock Assessment) has been mislabelled as Appendix H (Hydro-geological
Assessment).

6

6.8.6

Maps and coordinates depicting the locations and depths of drill cores should be provided.

[dpiwe comments 160306.DOC]

Further discussion is required on the environmental impacts of blasting (used to remove coarse
rock overburden), including the use of potential contaminants (eg heavy metals) in blasting
materials.
Further discussion is required on mitigation measures to address erosion/ instability of the
seawall and its potential impact on marina biota.
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6

6.8.6

6

6.9

8

Further technical detail/ opinion is required to determine whether the degree of sampling of the
overburden was sufficient to adequately characterise its physical and chemical quality, and to
justify the assertion in the Application that it is ‘clean’.
Additional information is required regarding what ‘suitable time’ is proposed for stability
monitoring for the seawall considering the erosive force of wave action is continuous.
While noting the information at section 8 of the DPEMP and at Appendix T, additional
information is required on employment, capital investment and flow-on effects for each of the
over-burden disposal options. The economic benefits of the alternatives will need to be
considered.

9

9.2

Under Commitment 34 in table 48 clarification is needed on what turbidity monitoring should be
undertaken and why, what trigger levels would be set and the management responses for high
readings. Additional information should be collected and presented on baseline turbidity levels.

9

9.2

Under Commitment 35 in table 48 additional information is needed on the management
responses for the establishment of exotic species on the seawall.

9

9.2

Under Commitment 38 in table 48 clarification is needed on trigger levels and what actions
would be taken in the event of significant sea wall erosion.

9

9.2

Under Commitment 39 in table 48 clarification is needed on how ‘regular’ will be the intended
inspections of the seawall for signs of erosion, and the method proposed to undertake these
inspections.

9

9.2

Under Commitment 40 in table 48 terms such as ‘as soon as practical’ and ‘managed
appropriately’ should be replaced by quantifiable commitments.

[dpiwe comments 160306.DOC]
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App. I

Details of the articles cited in Appendix I should be provided in full. Furthermore, there should
be a list of references provided at the end of Appendix I.

App. I

It is suggested that Appendix I provide a visual representation of the direct footprint of the
proposed reclamation (i.e. a map), as well as reference to coastal process studies to identify a
zone of possible off-site impacts.

App. I

Additional information is required to clarify how far out to sea the sand, derived from material
previously deposited, extends. This information should inform an assessment of likely erosion,
sedimentation and other impacts from the seawall.

App. I

5.3.2

Section 5.3.2 in Appendix I refers to, but does not provide ‘results of infauna sampling’. Further
information is required to assess the potential impacts of the activity on the infaunal
community in the seabed.

App. I

Conclusion

Additional information/citation is required to substantiate the conclusion that habitats in Grassy
Bay are represented by similar habitats at many locations around south-eastern King Island.

Chapter

Comments to follow
Workplace
Standards
Tasmania

Chapter

Comments to follow

[dpiwe comments 160306.DOC]
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C. Council
Chapter
8.5.1

8.3
8.2
8.1
8.1
4.3.2
5.17

Additional Information Required
Accommodation strategy which provides details on construction and on-going operational phase of redevelopment;
examines current take up of existing rental properties; identifies location of any new housing stock or subdivisions required;
what existing housing stock will be upgraded/redeveloped; whether there are likely to be upgrades in existing infrastructure
required to facilitate the accommodation strategy; and whether there is sufficient existing short term accommodation to
provide for both mine and existing tourist demand.
Details on impacts of proposal on other employment sectors on King Island
Analysis of capacity of existing infrastructure to deal with increase in population, particularly with respect to hospital,
educational, law enforcement and fire services.
An outline of the approach to providing local services and facilities within the township of Grassy inlcuding local shops,
petrol stations, etc
An analysis of additional transport requirements to the island resulting from the construction and ongoing operation of the
mine including additional flights and the capacity of the airport and existing service providers to meet these requirements.
A full assessment against the State Coastal Policy
A revised visual impact assessment identifying all potential impacts and mitigation measures for all public vantage points,
including the coastline. This should include detailed photomontages from these vantage points.

[dpiwe comments 160306.DOC]
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King Island Scheelite Mine
Proj No: 1069.015
Water Balance Calculation for Process Water Demand - Including Settling Pond Storage

Month
Days In Month
Evap/day

mm

Mean monthly evapotranspiration

mm

Mean Monthly Rainfall
Mean Monthly Rainfall (10th Percentile)
Effective Runoff

mm
mm

Catchment Area

km2

Effective Runoff

KL

Jan
31
4.4
135
41.7
33.7
0.4

Feb
28
3.8
105
45.5
17.5
0

Mar
31
2.9
90
53.8
31.6
0

Apr
30
1.5
45
81.2
26.2
0

May
31
1.0
30
107.9
37.8
0.9

Jun
30
1.0
30
117.8
120.2
6.2

Jul
31
1.0
30
139.2
234.4
110.5

Aug
31
1.5
45
136.6
135
90.9

Sept
30
2.0
60
99.4
71.8
39

Oct
31
2.9
90
91.2
32.1
13.5

Nov
30
4.0
120
71
52.1
4.8

Dec
31
3.9
120
59.5
77.8
2.6

19.4
7760

0

0

0

17460

120280

2143700

1763460

756600

261900

93120

50440

-3,067

-6,949

-3,060

-401

1,969

2,309

1435

Av. Depth
m (estimated)
5
(estimate only based on average depth)
(based on storage depth at end of Dec. period)

Upper Grassy Dam Area

m2

Upper Grassy Storage Volume

KL

Storage depth - at spillway level

m

33999
169995
5.0

KL

3,444

2,975

325
200
2015

(Note: total monthly demand for existing and proposed population equates to approx. 1.2% of the Upper Grassy storage volume)
1820
2015
1950
2015
1950
2015
2015
1950
2015
1950
2015

Volume Out
Net Upper Grassy Evap

1,986

639

-265

Upper Grassy Potable Demand
Population (incl. mining & families)

No

Daily Demand

L/d

Monthly Demand

KL

Pumping to Lower Grassy

KL

Total Monthly Drawdown

KL

Storage depth (after drawdown)

m

5459
4.84

4795
4.9

4001
4.7

2589
4.7

1750
4.6

0
5.0

0
5.0

0
5.0

1549
5.0

3984
4.9

4259
4.9

3450
4.9

Volume In
Catchment Inflow (from effective runoff converted to depth)
Storage Depth (after inflow)

m

0.23
5.0

0.0
4.9

0.0
4.7

0.0
4.7

0.5
5.0

3.5
5.0

63.1
5.0

51.9
5.0

22.3
5.0

7.7
5.0

2.7
5.0

1.5
5.0

Outflow Volume to Lower Grassy

KL

2301

0

0

0

4326

120280

2143700

1763460

755051

257916

88861

46990

49734
99468
2.0

Av. Depth

2

0
5,038
5038
1.9

0
4,352
4352
1.9

0
2,904
2904
1.8

10000
935
10935
1.6

20000
-388
19612
1.2

25000
-4,486
20514
0.9

25000
-10,166
14834
1.7

0
-4,476
-4476
2.1

0
-587
-587
2.0

25000
2,880
27880
1.4

20000
3,377
23377
1.5

20000
2099
22099
1.6

KL

3.15
1260

0

0

0

2835

19530

348075

286335

122850

42525

15120

8190

m

0.0

0.0

0.00

0.0

0.1

0.4

7.0

5.8

2.5

0.9

0.3

0.2

Depth Increase from Upper Grassy inflow
Decant water from tailings dam (30% of
process demand)

m

0.0

0.0

0.0

0.0

0.1

2.4

43.1

35.5

15.2

5.2

1.8

0.9

m

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Inflow from Open Pit Oper. Dewatering 5L/s

m

Storage Depth (after inflow)

m

0.0
1.97

0.0
1.88

0.0
1.82

0.0
1.60

0.0
1.35

0.0
2.00

0.0
2.00

0.0
2.00

0.0
2.00

0.0
2.00

0.0
2.00

0.0
2.00

Settling Pond

m2

2.5

KL

Starting depth - at spillway level

m

33000
82500
2.5

Av. Depth

Lower Grassy Storage Volume

m

Lower Grassy Dam Area

m2

Lower Grassy Storage Volume

KL

Starting depth - at spillway level

m

m

(based on storage depth at end of Dec. period)

Volume Out
Process Demand
1KL per 1m3 ore (600,000/yr)

kL

Net Lower Grassy Evap

kL

Total Monthly Drawdown

KL

Storage Depth (after drawdown)

m

Volume In
Lower Grassy Dam Catchment (Tailings
Dam Catchment)
Effective Runoff from catchment
Catchment Inflow (from effective runoff converted to depth)

km2

m

Volume Out
Process Demand
1KL per 1m3 ore (600,000/yr)

kL

Storage Depth (after drawdown)

m

50000
0.98

50000
0.6

50000
0.2

40000
0.2

30000
0.4

25000
0.8

25000
1.2

50000
0.9

50000
0.5

25000
0.9

30000
1.2

30000
1.4

KL

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0

m

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0

m

0.76

0.76

0.76

0.76

0.76

0.76

0.76

0.76

0.76

0.76

0.76

0.76

Inflow from Open Pit Oper. Dewatering 5L/s

m

Storage Depth (after inflow)

m

0.41
2.15

0.37
1.76

0.41
1.41

0.39
1.34

0.41
1.60

0.39
1.99

0.41
2.40

0.41
2.04

0.39
1.68

0.41
2.09

0.39
2.33

0.41
2.50

Volume In
Effective Runoff from catchment
Catchment Inflow (from effective runoff converted to depth)
Decant water from tailings dam (50% of
process demand)

Water Balance - Reviewed 27-04-06.xls - 27-04 + settling pond storage
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APPENDIX D: Open Pit Water Quality Results from 1991 to 2004
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DOLPHIN PIT SAMPLING NOV 04
ANZECC 2000 Trigger Values
LOCATION
PARAMETER
pH units
Cond µS/cm
NFR (suspended
solids) (mg/l)
Chloride mg/l
Sulphate mg/l
Metals µg/l
Al Total
Al Dissolved
As total
As F *
Cd T
Cd F
Co T
Co F
Cr T
Cr F
Cu T
Cu F
Fe T
Fe F
HgT
Hg F
Mn T
Mn F
Mo T
Mo F
Ni T
Ni F
Pb T
Pb F
WT
WF
Zn T
Zn F

DOLPHIN OPEN CUT
0
10

Depth Metres
20
30

Sea water
38

8.2
2810

8.2
2830

8.2
2850

8.2
2790

8.2
2860

<1

<1

<1

<1

<1

ANZECC
Drinking
Toxicant
Non Toxic
6.5-8.5

560

<20
<20
<5
<5
<1
<1
<1
<1
<1
<1

<20
42
<5
<5
<1
<1
<1
<1
<1
<1

<20
<20
<5
<5
<1
<1
<1
<1
<1
<1

281
276

<20
<20
<5
<5
<1
<1
<1
<1
<1
<1

2

3

3

2

<1
37
<20
<0.05
<0.05
12
<5

1
78
<20
<0.05
<0.05
12
<5

2
43
<20
<0.05
<0.05
9
<5

<1
27
<20
<0.05
<0.05
10
<5

280
283

287
280

278
280

280
280

4
4
<5
<5

5
4
<5
<5

4
5
<5
<5

4
4
<5
<5

4
4
<5
<5

13
10

14
10

13
10

13
10

13
10

5
3

6
3

7
3

7
3

5
2

Bold Text Exceeds Guidelines

<20
<20
<5
<5
<1
<1
<1
<1
<1
<1
<1
<1
22
<20
<0.05
<0.05
<5
<5
11
9
<1
<1
<5
<5
1
<1
2
2

6-8.5

ANZECC
Irrigation
STV acceptable
6-8.5
2900 medium

Aquatic
Ecosystems ##
Fresh
Marine
8
8.4
2200

250
500

1000

200

5000

20000

55

ID

7

500

2000

24

ID

2

10

50

0.2

0.7

N/A

1000

100

0.9

1

50

1000

1000

1.1

27.4

400

5000

1.4

1.3

10000

ID

ID

2

0.06

0.1

10000

1900

ID

430

<20
<20
<5
<5
<1
<1
<1
<1
<1
<1
1
<1
21
<20
<0.05
<0.05
11
<5

Livestock

2000

1000

700*

300
1
500

2
100

50

150

50

ID

ID

20

1000

2000

11

7

10

100

5000

3.4

4.4

5000

8

15

5000

8

15

N/A
N/A

3000

20000

STV - short term value
N/A - not available

*moderate
## trigger levels
ID insuff data - no value

TABLE 2 : DOLPHIN PIT SAMPLING 1991 - NOV 04

LOCATION

DOLPHIN OPEN CUT
Surface
PARAMETER
Nov-04
Sep-96
pH units
8.2
7.99
Cond µS/cm
2810
1437
TDS
968
NFR (suspended solids) <1
(mg/l)
5
Chloride mg/l
560
Sulphate mg/l
430
Metals µg/l
Al Total
Al Dissolved
As total
As F *
Cd T
Cd F
Co T
Co F
Cr T
Cr F
Cu T
Cu F
Fe T
Fe F
HgT
Hg F
Mn T
Mn F
Mo T
Mo F
Ni T
Ni F
Pb T
Pb F
WT
WF
Zn T
Zn F

<20
<20
<5
<5
<1
<1
<1
<1
<1
<1
1
<1
21
<0.05
<0.05
11
<5

Nov-91
8.5

<0.5

15

Jun-91
8.2
990

1000

700*

200

5000

20000

55

ID

500

2000

24

ID

<5

2

10

50

0.2

0.7

<2

N/A

1000

100

0.9

1

<1

50

1000

1000

1.1

27.4

400

5000

1.4

1.3

10000

ID

ID

2

0.06

0.1

10000

1900

ID

<5
<100

<10

270

4
4
<5
<5

9

11
1
100
20
0.46
0.1
<10
<10

546
370

6
<5
<5
<5

250
500

7

<1

<10
<10
<1
<1

Jul-93
8.1

ANZECC
Aquatic
Ecosystems ##
Livestock
Irrigation
STV acceptable
Fresh
Marine
6-8.5
6-8.5
8
8.4
2900 medium
2200

<10

281
276

<50
<50
<50
<50
<0.5
<0.5
<50
<50

390

<10

13
10
<5
3

Jan-95
7.71
1542
1080
<0.1

ANZECC
Drinking
Toxicant
Non Toxic.
6.5-8.5

<5

<50

60

<50

<50

<100
<100
<50
<50

1000
300

<0.5

1

<50

500

390

50

150

50

ID

ID

20

1000

2000

11

7

10

100

5000

3.4

4.4

5000

8

15

5000

8

15

*moderate

ID insufficient data
## trigger levels

<50
<50
<50
<100
<100

2000

<50

<100
<50

2
100

N/A
<50

Bold Exceeds Guidelines
Note some detection limits are higher than marine limits

3000

20000

STV = short term value
N/A = not available
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KING ISLAND SCHEELITE MINE

MARINE BIOTA OF KING ISLAND SANDY SEABED:
INFAUNA
Redevelopment of the King Island Scheelite Mine includes an option to infill a
substantial area of Grassy Bay. The Bay has been previously partially infilled by earlier
mining operations. Environmental approval of the DPEMP for the mine redevelopment
required assessment of a wide range of environmental consequences. The marine
environmental consequences of the redevelopment were discussed in a technical
report (CEE 2005) to the DPEMP. Assessment of DPEMP resulted in a baseline study
of marine infauna in Grassy Bay.
The baseline survey documented the nature of infauna in Grassy Bay compared to
unaffected reference sites to the northeast and southwest. The results of the infauna
survey and interpretation of the results are presented in this report.

1 BACKGROUND TO SOFT SEABEDS IN SOUTHEASTERN
KING ISLAND
The seabed habitats of Grassy Bay were mapped during investigations to assist in the
assessment of likely affects on the marine environment of the redevelopment of the
King Island Scheelite Mine (CEE 2005).

1.1

Seabed habitat of Grassy Bay

The investigations revealed that the seabed of Grassy Bay was flat, fine to medium
grain sand, with no substantial reef from the shoreline to 30 m depth contour and over
2 km width from the Harbour to Bold Head.
No living epibiota (seagrasses, benthic fish, large invertebrates – molluscs, seastars,
seapens, heart urchins, brittle stars) were observed at any site by the divers. Divers
observed that the fine components of the sediments at all sites were readily mobilised
by the comparatively low swell at the time of the survey.
Divers noted that the sediments of Grassy Bay were different in character from those at
reference sites (CEE 2005). The sediments in Grassy Bay were finer and darker than
those at reference sites to the northeast and southwest (Table 1). It was considered
that the differences in the sediments were partly due to the natural oceanographic
characteristics of the Bay and also due to the effects of previous infilling of the
shoreline and the erosion of the boulder seawall along the shoreline of Grassy Bay.
Sediments were sampled by divers for examination and characterisation by
geotechnicians. The results of the examination of the sediment samples, together with
their location, are shown in Table 2.
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Table 1. Seabed photographs at diver sample sites

Northern reference site

Grassy Bay Sediments

Outer base of
breakwater

Grassy Harbour

Southern Reference

2
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Table 2. Results of sediment sample examination
Location

Site

Colour

North

113

Light OrangeBrown

North

114

Light OrangeBrown

Bold Head

116

Grey-Brown

Material
Sand
s/a
Sand
s/a
Sand
s/a-s/r

Grassy Bay

103

Grey

Sand
s/a-s/r

Grassy Bay

104

Grey-Brown

Sand
s/a-s/r

Grassy Bay

105

Grey-Brown

Sand
s/a-s/r

Grassy Bay

106

Grey-Brown

Sand
s/a-s/r

Grassy Bay

107

Dark GreyBrown

South

119

Light GreyBrown

South

118

Light GreyBrown

South

117

Light Brown

Sand
s/a-s/r
Sand
s/a-s/r
Sand
s/a-s/r
Sand
s/a-s/r

s/a = subangular grains
s/r = subrounded grains

Constituents
Q
80
F
5
C
15
Q
80
F
5
C
15
Q
75
F
10
C
15
Q
16
F
10
C
30
Q
75
F
10
C
15
Q
75
F
10
C
15
Q
75
F
10
C
15
Q
75
F
10
C
15
Q
80
F
5
C
15/20
Q
80
F
5
C
15
Q
80
F
5
C
15

Size

Comment

F-M

"clean
sand"

B

M-C

"clean
sand"

B

Quartz, %
Felsic, %

Fine
Medium

Carbonate, %

Coarse

F

Group

A
Mixture

M

F-M

F-M

F-M

F

F
component
s/a
F
component
s/a
F
component
s/a
F
component
s/a
F
component
s/a

A

A

A

A

A

F-M

C

F-M

C

M-C

C

The table shows that the sediment samples were separated into three groups based on
the combination of characteristics. The three groups were also geographically
separate:
– Group A were all from Grassy Bay
– Group A variant was from Bold Head near Grassy Bay
– Group B were from the reference sites north of Grassy Bay and
– Group C were from the reference sites south of Grassy Bay.
Hence the physical characteristics of the sediments indicated potential habitat
differences for animals living in the sediments (infauna).
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1.2

Gazameda survey

A species of screw shell Gazameda gunni occurs on and in some soft seabeds in
Tasmania. This 50 mm long, filer feeding, screw shell lives on the surface of sandy
seabeds and was recently listed as Threatened Tasmania's “Threatened Species
Protection Act 1995”. This species is being geographically displaced by the introduced
screw shell Maoricolpus roseus. Hence, DPIWE were interested to determine if either
of these species were present in Grassy Bay.

4
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2 INFAUNA SURVEY STRAT EGY
A procedure to determine the characteristics of the infauna associated with Grassy Bay
sediments was developed in consultation with DPIWE and following DPIWE
established protocols. The procedure recognised the outcomes of the previous habitat
investigations including the sediment differences identified in the marine habitat
investigation.
The procedure included:
– Sampling sites within Grassy Bay and at sites in reference locations northeast
and southwest of the Bay
– Stratifying sediment sampling at common water depth
– Collecting samples for physical characterisation
– Assessing samples for presence of rare Gazameda screw shells
– Assessing infauna assemblage for spatial distribution characteristics

2.1

Sampling Locations, Sites and Samples

The sampling strategy identified three locations:
1. Grassy Bay
2. Northern reference
3. Southern reference
At Grassy Bay, six sites were sampled along the 14 m depth contour
At the two reference locations, three sites at each location were sampled along the
14 m depth contour
At each site, two sediment samples were collected.
The approximate position of the three northern reference sites (green), six Grassy Bay
sites (red) and three southern reference sites (blue) sampling sites are shown below.
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Figure 1. Location of infauna sampling sites
The latitude and longitude (WGS84) of the sites are listed below.
Table 3. Position of infauna sampling sites (WGS84)
Location

Site
NE1

Latitude
Degrees
Minutes
-40
2.308

Longitude
Degrees
Minutes
144
6.265

North ref
North ref
North ref
Grassy Bay

NE2
NE3
GB1

-40
-40
-40

1.339
0.482
3.645

144
144
144

6.811
7.148
4.065

GB2
Grassy Bay
Grassy Bay

GB2
GB3
GB4

-40
-40
-40

3.452
3.371
3.274

144
144
144

4.180
4.358
4.693

Grassy Bay
Grassy Bay
South ref

GB5
GB6
SW1

-40
-40
-40

3.226
3.242
4.289

144
144
144

4.945
5.196
3.248

South ref
South ref

SW2
SW3

-40
-40

5.512
5.883

144
144

2.159
1.153

2.2

Sample collection and processing

Samples were collected using a stainless steel Van Veen grab. Equal volumes (5 L) of
sediment were collected at each site. Samples were collected on 7 and 8 December
2005.
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2.2.1 Physical characterization
On collection, the sediments at each site were:
• described in terms of general grain size (fine, medium, coarse), colour (with
respect to possible anaerobicity) and presence of organic material
• redox was measured and the sediments were photographed
Gazameda
Each sample was sieved through a 1 mm mesh.
The sieved contents were examined for the presence of Gazameda
Infauna
The sieved samples were labelled, preserved in 10 % formaldehyde/seawater and
freighted to CEE’s laboratory for taxonomic and abundance analysis.
Infauna were analysed to Family taxonomic level.

3 PHYSICAL CHARACTERISTICS OF SAMPLES
The physical characteristics of the samples were reported in CEE 2005 and are
summarised below.
Table 4 . Field assessment and measurement of infauna samples
SITE

NUMBER

SCREW

GRAIN SIZE

COLOUR

ORGANIC

REDOX

SHELL
Northern sites
NE1

1

No

medium

brown/tan

Aerobic-

168

NE1

2

No

medium

brown/tan

Aerobic

164

NE2

1

No

coarse

yellow/tan

Aerobic

109

NE2

2

No

coarse

brown/tan

Aerobic

103

NE3

1

No

coarse

yellow

Aerobic

104

NE3

2

No

coarse

yellow

Aerobic

109

GB1

1

No

medium

grey/brown

Aerobic

140

GB1

2

No

medium

dark brown

Aerobic

136

GB2

1

No

fine

grey/brown

Aerobic

165

GB2

2

No

fine

grey/brown

Aerobic

176

GB3

1

No

medium

brown

Aerobic

200

GB3

2

No

medium

brown

Aerobic

192

GB4

1

No

fine/medium

brown/grey streaks

Aerobic

182

GB4

2

No

fine

light brown

Aerobic

192

GB5

1

No

fine

browny/grey

Aerobic

184

GB5

2

No

fine

Streaky brown

Aerobic

209

GB6

1

No

fine

brown

Aerobic

198

GB6

2

No

medium/fine

brown

Aerobic

207

Grassy Bay

Southern sites
SW1

1

No

coarse/(pebbles)

yellow/tan

Aerobic

135

SW1

2

No

coarse/( pebbles)

brown/tan

Aerobic

110

SW2

1

No

medium

tan/yellow

Aerobic

190

SW2

2

No

medium

tan/yellow

Aerobic

197

SW3

1

No

fine/medium

tan/grey streaks

Aerobic

124
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2

No

Fine/medium

tan

8
Aerobic

160

Figure 2. Photographs of sediments from twelve infauna sites

4 GAZAMEDA
The result of examination of the samples for the presence of Gazameda and
Maoricolpus were reported in CEE 2005. No Gazameda or Maoricolpus were found in
the samples.
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5 INFAUNA RESULTS
A total of 783 infauna were collected in 24 samples from 12 sites. A total of 49 taxa
were identified.
• Crustaceans were the most common infauna in the samples and accounted for
74 percent of the infauna collected.
– Of the crustaceans, amphipods were the predominant Order representing
60 percent of infauna numbers.
– Platyschnopidae and Urohaustoridae were the most common
amphipods.
• Polychaete worms were the next most common major infaunal group and
represented 11 percent of the total infaunal numbers, with Ophellids, Orbiniids
and Spionids comprising most of the polychaete numbers.
• The remaining infauna groups were represented by:
– ophiuroid brittle stars comprising 7 percent of total infauna numbers which
were nearly all from one site only and;
– molluscs which included bivalves and gastropods and contributed only 5
percent to the total number of infauna collected.
The results of the analysis of the samples for infauna are appended.
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0
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Figure 3. Abundance of taxa
Figure 3 shows the abundance of individuals in the various taxonomic groups. The
figure shows that two taxa were predominant in the infauna:
– Platyschnopid amphipods which accounted for 23 percent of all infauna
numbers and
– Urohaustorid amphipods which accounted for 20 percent of all infauna numbers
All other individual taxa accounted for less than 10 percent each of all infauna
numbers.
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Figure 4. Total infauna individuals at sites
Figure 4 shows the abundance of total number of individual infauna at each site. The
number of individuals is the number from both samples. The figure indicates that there
was greater variation in the abundance of infauna between sites at reference locations
than at Grassy Bay. The data also indicate a higher overall abundance of infauna at
Grassy Bay compared to the reference locations.
Figure 5 shows the total abundance of infauna at locations and grouped Grassy Bay
sites. The abundance data from the three southwestern sites in Grassy Bay were
combined for the GBA location, the three northwestern sites in Grassy Bay were
combined for the GBB location, and the sites at the two locations were grouped.
Hence, the data represent the total abundance of infauna in three sites from each
location. The figure shows that the abundance of infauna was substantially higher in
Grassy Bay than at the reference locations

Marine Biota of King Island Sandy Seabed: Infauna

11

300

250

Total abundance

200

150

100

50

0
GBA

GBB

NE

SW

Figure 5. Total abundance of infauna at locations and grouped Grassy Bay sites
5.1.2 Species Richne ss
Figure 6 shows the species richness as the number of taxa at each site. There were
generally more consistent higher numbers of species at the sites in Grassy Bay
compared to either reference location.
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Figure 6. Number of infauna taxa at sites
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Figure 7. Number of infauna taxa at locations
Figure 7 shows that the combined number of infauna taxa present in Grassy Bay was
substantially higher than the reference locations. However the combined total of
species at all six Grassy Bay sites and the combined total of species at all six reference
sites was 38 and 37, respectively. As shown in Figure 3, many of the individual taxa
are represented by very low numbers (26 species were represented by 5 or less
individuals) or solitary individuals (11 species). The complex analysis of species
distribution is analysed using multivariate statistical tools later in this report.
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Individual taxa

Platyschnopidae
The most common infauna in all samples were amphipods from the family
Platyschnopidae, which represented 23 percent of the total infauna numbers. The
distribution of Platyschnopidae at the sites (Figure 8) indicates substantial variation
between sites and locations.
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Figure 8. Platyschnopidae abundance at sites
Overall there was substantially higher abundance of these amphipods at the Grassy
Bay location compared with the reference sites (Figure 9).
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Figure 9. Platyschnopidae abundance at locations
(mean and standard error, n=3)
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Urohaustoridae
The second most common infauna in all samples were amphipods from the family
Urohaustoridae, which represented 23 percent of the total infauna numbers. The
distribution of Urohaustoridae at the sites (Figure 10) indicates less variation between
sites in Grassy Bay compared to sites at the reference locations (particularly the north
reference location). Overall, abundance of these amphipods was higher in Grassy Bay
compared with the reference locations (Figure 11).
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Figure 10. Urohaustorid abundance at sites
.
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Phoxocephalidae
The third most abundant infauna were Phoxocephalid crustaceans which represented 8
percent of the total infauna numbers. The distribution of Phoxocephalidae at the sites
(Figure 12) indicates less variation between sites in Grassy Bay compared to sites at
the reference locations (particularly the north reference location). Overall, abundance
of these amphipods was higher in Grassy Bay compared with the reference locations
(Figure 13).
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Figure 12. Phoxocephalid abundance at sites
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Other taxa
Other taxa with substantially lower abundance (less than 5 percent of total) show a
range of distributions. Examples in Figure 14 include opheliid polychaetes, orbiniid
polychaetes, paranthurid isopods, philomedid ostracods, spaeromatid isopods and
cypridinid ostracods.
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6 INFAUNA COMMUNITY CHARACTERISTICS
As discussed above, the infaunal assemblages at each site comprise a variety of taxa,
each with a certain abundance. The mixture of the taxa and their individual
abundances varies from site to site. The discussion of the predominant taxa above
shows that certain sites appear to be similar to each other even though the actual
abundance of the taxa varies between sites and the mixture of taxa with lower
abundance may vary between sites.
Multivariate statistical techniques can be used to calculate indices for each site based
on the species composition and abundance at each site relative to the other sites. The
index may be a similarity index (how similar sites are to each other) or a dissimilarity
index (how different sites are from each other). The indices can be used to represent
the relative position or statistical distance from each site to each other site. If there is a
strong relationship between the character of some sites, multi-dimensional scaling
(MDS) can statistically reduce the relative position of each site to two (preferably) or
three axes.
This complex procedure can result in simple plots of sites relative to each other that
graphically show the similarity of the overall characteristics of the infauna at each site.

Stress 0.0781

Figure 15. MDS plot of infaunal characteristics at sites
Figure 15 shows the multi-dimensional scaling (MDS) plot of Bray Curtis similarity
indices after ln(x+1) transformation of the total abundances for each site. The figure
shows that the Grassy Bay sites group very closely together.
The pattern indicates strong similarities in the infauna assemblage characteristics at
the Grassy Bay sites compared to dissimilarity with infauna assemblages at sites at
greater distances from them in the plot, such as NE2 and SW3.
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7 CONCLUSION
The infauna and sediment investigations of Grassy Bay and nearby reference locations
shows that:
• the sediments of Grassy Bay are generally finer than the reference locations
• infauna are more abundant in Grassy Harbour than the reference locations
• the number of species in Grassy Harbour is higher than the individual reference
locations, but similar to the number of species at both reference locations
• the infauna assemblages at the sites sampled within Grassy Bay are generally
similar
• the infauna assemblages within Grassy Bay are different from those at
reference locations beyond Grassy Bay

8 IMPLICATIONS FOR MONITORING AND IMPACT DETECTION
The existing infauna community in Grassy Harbour is different from those at locations
that might be used as reference locations in an impact monitoring assessment
program. Hence direct comparison of changes in Grassy Bay relative to dissimilar
reference sites will not be as powerful as a comparison with similar reference sites.
If infauna are to be monitored, it will be important to establish a range of ambient
conditions and comparison with the reference locations over a series of baseline
surveys.
It is likely that the number of surveys will be more important than the number of sites
within Grassy Bay. Hence a monitoring program should be designed where effort is
optimized in the number of baseline surveys rather than the number of samples or sites
per survey.
Impact assessment may then be made by comparing sites within Grassy Bay over a
potential effect gradient in the Bay and compare also with temporal at reference sites.
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1.

Objectives and Requirements

1.1

Introduction

The King Island Scheelite (KIS) mine currently exists as a flooded open cut, with the eastern edge being
located approximately at the original shoreline. Underground workings had extended eastwards beneath
Bass Strait but with apparently little problems of controlling water.
Waste rock from the workings had been dumped seawards, initially as a protective sea wall at the edge
of the pit, but then extending over 200m into the sea as shown in Fig. 1. This fill is generally 5m above
sea level but rises to 13m above sea level and covers an area of about 31 Ha.
There is a proposal to re-open the mine, with most ore to be accessed by an open cut extending to the
east and slightly south of the existing pit. The 10-year plan is to extend some 300m to the east and down
to a depth of 165m below sea level. Optimisation studies are still continuing, but a pit extending a further
200m east and down to RL-195 is possible. Ore exists at deeper levels to RL-275 which would require an
even deeper pit if proven to be economical.

1.2

Proposed Sea Wall

It is proposed to build a sea wall approximately 2 kilometres long and extending outwards into Grassy
Bay by as much as 800 metres so as to surround the southern and eastern edges of a proposed pit to
RL-195. A primary function of this wall is to enclose a repository for mine waste with the wall acting as an
armoured, non-eroding edge facing the Bay and Bass Strait.
It is critical that within the boundaries of this wall there is a control mechanism which either reduces or
manages seepage flows from the ocean into the pit. Such control must not only reduce flows to
economically manageable proportions but also ensure the stability and safety of the pit against seepage
forces.
The environmental aspects of this wall have been evaluated in an EIS prepared by SEMF Consultants of
Hobart including some preliminary calculations of storage capacity. A review of the geometry as
proposed by SEMF is given in Section 5.

1.3

Design Requirements

The principal requirements for the design of the sea wall are:
»

safety of pit;

»

control of seepage to economically manageable levels;

»

prevention of damage and erosion of seaward face;

»

provide storage for waste rock;

»

minimal double handling of material;

»

staging if advantageous;

»

shape to emulate natural landforms;

»

compliance with environmental requirements such as silt control, erosion, replanting.
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In the early stages of pit development there will be competing requirements. There will not be sufficient
waste material to rapidly build the seawall to final shape, hence it may be reasonable to build an interim
sea wall closer to the pit. However, there may be an interaction between this interim sea wall and any
seepage control barriers.
Similarly, there will be a compromise between the desire to build more economical seepage control
systems on a shorter length to protect the early stages of pit development, at the expense of additional
cost to build a longer and permanent seepage control barrier at a later date. If cost restrictions require a
sea wall and a seepage control barrier to be built comparatively close to the pit, the locations of these will
inhibit future developments of the pit should ore reserves and ore prices indicate possible future
extensions of the pit. It is noted that mineral investigations to date have not extended into the bay
significantly beyond the accessible area on the current fill.
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2.

Available Data

2.1

Published Documents

The principal data was derived from the following sources:
i.

King Island Scheelite DPEMP, January 2006 by SEMF Consultants, Hobart, and particularly the
contained Appendices:
– Appendix D –

Sea Wall (Holly 2006)

– Appendix H –

Hydrogeological Assessment

– Appendix J –

Coastal Processes, Waves and Currents (CEE Consulting Environmental
Engineers December 2005)

ii.

Grassy Port Development Plans

iii.

Royal Australian Navy – Bathymetry of Grassy Bay;

iv.

Existing Contour Plans.

2.2

Information from Consultants

Various items of data were provided by consultants working for KIS. Much of this data was still being
developed and collated during this assessment of the KIS sea wall and hence is subject to update. The
key data used is contained in the Appendices attached to this report and summarised as follows:
»

Peter Dundon and Associates – drilling results through the existing waste placed in Grassy Bay,
generally down to bedrock (Appendix A)

»

Peter Dundon and Associates – pump tests and analysis of results for sand and waste rock
permeability (Appendix B)

»

Lindsay Newnham, Geologist – collation of previous mineral investigation drilling as relevant to
determination of bedrock levels below dumped waste, plus cross-section interpreting position of sand
layer overlying bedrock (Appendix C)

»

Holly & Associates – Mining Schedules for Waste Rock and ore for the first 36 months (Appendix D)

»

Australian Mineral Consultants – Various pit profiles at different stages of mine development.
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3.

Ground Conditions

3.1

Sand on Seabed

There is ample evidence that sand covers the seabed and the original beach. The underwater slope of
the sea floor is about 1 in 25 in shallow water, reducing to about 1 in 50 at 20 metre water depth. The
upper sands contain fine particles derived from the waste rock previously dumped along the shoreline.
The upper surface of the sand is reasonably well-known from hydrographic survey.
The only detailed data come from recent water bore drilling, holes WB1 to WB9 in locations indicated on
Fig. 2. Of these nine holes, eight entered the sand layer and six reached a definable base on presumably
bedrock. Pump tests were carried out on WB 1, WB 2, WB 3, WB 7 and WB 9, being essentially in sand
although there was no sealing of the bore above the screen level and hence water could have entered
from the waste rock above. The results are shown in Appendix B and may be summarised as follows:
Table 3.1

Pump Test Results in Marine Sand

Borehole

Permeability

Notes

WB 1

4x10-5m/s to 4x10-6m/s

Variable results with time. Water was black in colour

WB 2

??

Unusual behaviour, permeability increasing with time

WB 3

1x10-5m/s

Unusual, inconsistent behaviour

WB 7

5x10-5m/s

WB 9

2x10-5m/s

Permeability increased with time

These permeabilities would be consistent with a medium fine marine sand.
A sample of sand was taken for particle size analysis, but results are not available to date.
There are numerous mineral investigation holes in the area, but none was logged in overburden
materials. If the start of logging is taken as near the interface between sand and bedrock, these levels
can be used to help determine the base of sand. These levels are similar to those from the WB holes, but
did not provide uniform agreement. The same holes were apparently used by site staff to prepare an EW
cross-section at Chainage 564,100. This section is also reasonably consistent with the WB holes and
indicates sand thicknesses of up to 15 metres beneath the area covered by waste rock.
The thickness of sand further into the bay is unknown, and is possibly greater than 15 metres. It is noted,
however, that the harbour breakwater is founded on a protruding rock bar, there is a rock bar protruding
through the sand on the northern beach, and the shape of the original beach indicated on drawings may
have reflected a similar rock bar on the western beach beneath the waste rock. Hence the thickness of
the sand could be variable with possibly areas of relatively thin sand. No rock bars have been seen on
the bed of Grassy Bay.

3.2

Waste Rock

There was no apparent record kept of the amount of rock placed, nor original seabed levels, nor the
particle gradings of the rock. Seabed levels beneath the waste rock can be interpreted from original
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hydrographic contours, assuming the sand would not have settled to a large degree (not necessarily so
where clays/peat underlie the sand as indicated in WB 1) and would not have displaced significantly.
Some idea of the waste rock quality can be gained from the exposed faces on the seaward edge of the
fill. This rock has been attacked and sorted by waves, probably removing finer particles. Most rocks are
less than 1 metre in size, with a broad range of sizes down to gravel. There are a few larger rocks up to
1.5 metre size. Possibly these were deliberately selected from mining operations to assist wave
resistance of the front face of the dumped fill. The rock particles in the general fill are mainly sound and
durable with little evidence of deterioration since being dumped.
The permeability of the rockfill from the single test (WB 8) used to specifically measure this gave a
permeability of approximately k = 1x10-2m/sec. This is consistent with an open-graded coarse gravel or
rockfill and is similar to rockfill permeability used in rockfill dam design. It is noted that, due to the method
of dumping which allowed segregation, there is likely to be zones of coarse, open-graded rock
particularly near the base of waste.
One pump-in test on a 1.3m zone below water level (WB 6) gave an indicated permeability of 2x10-4m/s
in material described as a mix of rockfill and sand.
It is noted that some anecdotal comments from previous mining staff have suggested the rockfill to be
reasonably watertight, although another comment was that attempts to extend mining seawards were
curtailed due to major water flows into trial excavations. A recent excavation in the vicinity of WB 1
showed a mixture of rockfill, tailings and clay with overall moderate permeability. However, this was in a
location near the original shore and where tailings had been dumped into the bay in early mining
operations.
Some of the pump-out tests on other boreholes had screen arrangements that would allow water entry
from the waste. This did not appear to overshadow the results for sand permeability, but as noted
previously there were anomalies in the tests and several holes showed ongoing return of drilling mud into
the test bore.
Whilst much of the waste rock may have sufficient fines to restrict the permeability, it is concluded that
there will be considerable areas of open voids in the rockfill, thus giving a permeability of the order of
1x10-2m/sec.

3.3

Underlying Rock

The WB series of holes indicated that there was a relatively sharp transition from marine sand to hard
rock with little thickness of weathered rock. However, BH9 showed clay and organic material between
the sand and rock, but this is in an area near the current creek. A sharp transition from rock to sand is
consistent with an exposed coastline subject to sea level change in geological times.
Underground mining had penetrated beneath the sea in the area of interest with records indicating that
seepage did not cause any problems. It is concluded that the metamorphic rock in the vicinity of the mine
has low permeability as compared with the marine sands and waste rock.
A major fault is known to exist near the northern edge of the proposed open pit and would probably
extend beneath the seawall and any seepage control zones. Whilst little is known about the physical
properties of this fault, it will be conservatively assumed that there will be fracture zones and shears
capable of transmitting water. Such fractures would also allow the entry of cement grouting to control
seepage, the costs being moderate if the fault is only metres or a few tens of metres wide.
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4.

Wave Protection

4.1

Wave Data

Wave data has been provided in the CEE report, contained in Appendix J of the SEMF DPEMP. This is
reported to be sourced from a MIKE 21 software program which utilises data from the Bureau of
Meteorology ocean wavemodel (WAM). The model is not able to simulate conditions within Grassy Bay
but instead gives conditions for open water in nearby areas of Bass Strait. This data has been adopted,
at this stage with a simple adjustment for defraction or near-shore effects which usually give lesser
heights for the critical waves.

4.2

Design Wave Height

The seawall has been analysed for design waves which were derived from modelling of conditions for the
year 2003. The more significant results are shown below:
Table 4.1

Percentage Distribution of Significant Wave Height
Significant Height (m)

Direction

% of Total
1-2

2-3

3-4

4-5

>5

E

1.2

4.4

1.4

SSW

3.0

9.3

5.1

2.2

0.7

20.3

SW

12.3

22.1

10.3

4.4

1.4

50.7

WSW

3.3

5.5

1.4

0.3

7.0

10.4

The annual wave climate for open water in the area was given in the form of a scatter table of significant
wave heights and associated peak periods. Using two different types of statistical distributions, the
Weibull and the Gumbel, the statistical 50-year wave height was estimated as 11.5m. The predominant
offshore wave directions are from the SW and SSW as shown in Fig. 4. It is observed that waves from
these directions are refracted through at least 25 degrees as they approach the coast and therefore the
wave height at the sea wall is likely to reduce by a factor (Kr) of 0.75. As a result the design wave height
is taken as 8.6m.

4.3

Typical Wave Protection

Many breakwaters are designed with steep side slopes so as to minimise the volume of material used in
construction. The outer armour is then sized to resist the waves whilst also being stable on the relatively
steep slope. If the volume of material needed for the breakwater is not a problem, flatter slopes may be
used which allows smaller armour whilst still being stable.
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4.4

Self-Protecting Sea Wall (S-Shape)

It is noted that in nature where there is loose rock at the shoreline, an S-shaped beach profile is formed.
Material is dislodged by waves above sea level and dumped as a berm below sea level. This berm then
initiates the breaking of waves so that some of the energy is dissipated before the wave reaches the
exposed shore. In the KIS case, there is ample supply of rock and the wider b“ reakwater”required for the
S-shape does not pose an economic problem.
The resulting sea wall is a dynamically stable structure ie it is reshaped by the incident waves. An initial
outer slope of 1.3 horizontal to 1.0 vertical was selected and modelled using proprietary software called
BREAKWAT developed by Delft Hydraulics Laboratory. The various profiles are as indicated in Fig. 3 for
different sizes of armour rock. It is noted that the profile is a function of the size of the rocks, but does not
alter greatly if the rock size is increased above 4 tonnes. Hence the following design parameters are
proposed:
Final Crest Level

RL 9.5 or higher

Initial slope

1(v) in 1.3 (h)

Armour Rock (M50)

4,000 Kg

This will develop a permanently stable sea wall with negligible ongoing erosion.

4.5

Sea Wall Height

Overtopping calculations were based on equations and coefficients developed by Owen. There are 2
approaches to estimate overtopping:
»

Berm below Still Water Level (SWL)
Use coefficients specifically for bermed breakwaters.

»

Berm above SWL
An imaginary slope is constructed between the interface of the SWL/sea wall and the crest of the
sea wall. The overtopping calculations are based on the imaginary slope and adopt coefficients for
simple slopes.

Depending on the storm surge adopted and including an allowance for sea level rise the SWL is likely to
be at about the level of the berm so both methods were used to establish the overtopping rate.
With a crest level of RL 9.5, a SWL during high tide and surge of RL 2.3, a wave with Hs = 8.6 and T =
12s, the overtopping rate would be approximately 200 l/s/m. This level of overtopping is the upper limit
for overtopping not to cause damage if the crest is paved. Overtopping levels above 200l/s/m will cause
damage to the crest regardless of whether there is paving or not.
Hence the final height of the armoured sea wall should be at RL 9.5 or higher.

4.6

Levels During Construction

Based on annual waves from the CEE report and normal astronomical tides an estimation of the
probability of overtopping has been made for various construction levels. These are tabulated below.
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Table 4.2a Probabilities of Overtopping of Breakwater for Different Construction Levels
(Kr = 0.75)
Construction
Height

Probability of
overtopping

Comment.

RL 3m

26%

1 in 4 waves will overtop ie every 30 secs for a 8.5s wave

RL 4m

9%

1 in 10 waves will overtop ie every 85 secs for a 8.5s wave

RL 5m

4%

1 in 25 waves will overtop ie every 3.5 mins for a 8.5s wave

RL 6.5m

1%

1 in 100 waves will overtop ie every 14 mins for a 8.5s wave

For the construction case the overtopping rates were determined for a lower Kr value of 0.5 as well.
Table 4.2b Probabilities of Overtopping for Different Construction Levels (Kr = 0.5)
Construction
Height

Probability of
overtopping

Comment.

RL 3m

6.85%

1 in 15 waves will overtop ie every 2 mins for a 8.5s wave

RL 4m

1.2%

1 in 85 waves will overtop ie every 12 mins for a 8.5s wave

RL 4.5m

0.9%

1 in 110 waves will overtop ie every 15 mins for a 8.5s wave

RL 5m

0.3%

1 in 330 waves will overtop ie every 50 mins for a 8.5s wave

RL 6.5m

0.03%

1 in 3000 waves will overtop ie every 8 hours for a 8.5s wave

To consider the actual down time, it was necessary to establish what the criteria for stopping work are.
Two levels were chosen based on the time between probable overtopping events. The following table
gives the estimated percentage of time when overtopping rates are exceeded for a given berm level.
Table 4.3

Construction Down Time Based on Kr = 0.5

Construction
Height

Criteria for
stopping
work

Percentage
of time lost

Comment.

RL 5m

1 in 200
waves
overtop

10%

When frequency of waves overtopping exceeds 1
wave every half an hour.

RL 5m

1 in 100
waves
overtop

5%

When frequency of waves overtopping exceeds 1
wave every 15 minutes.

Therefore, based on the above, a minimum operating berm level of RL 5m was adopted. Additional
safety is provided by a window of rock dumped on the seaward edge to RL 8.
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4.7

Use of Volcanic Rock

A substantial thickness of volcanic rock is exposed on the southern face of the existing open cut.
Inspection showed that this had joint spacings of several metres in places. The material appears to be
hard, durable and was the probable source of the large rock used in the nearby harbour breakwater.
It is proposed to select this material for armouring of the seawall. Current mining proposals indicate that
about 30% of the material to be mined for expansion of the open cut will be this volcanic rock.

4.8

Size of Rock and Placement

The jointing of the volcanic rock is such that special blasting methods could be used to yield rocks of up
to 20 tonnes, albeit with considerable volumes of smaller sizes. With the proposed S-shaped profile for
the armour, it is only necessary to produce rock of nominal 4 tonne size. It is believed that normal
blasting patterns with widely-spaced holes will yield over 50% of the material above 4 tonnes.
It is proposed that the material be selected and/or sorted on the quarry floor, with the heavier rock
reserved for the outer armour and the material of over 300mm being used for the inner armour. This may
require loading by rock rakes, leaving finer material for use in the seawall core along with non-volcanic
material from the remainder of the open cut.
There may be some additional sorting during placement and levelling of the rockfill, with larger pieces
being pushed towards the outer edge.
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5.

Construction Sequence for Sea Wall

5.1

Geometry of Placement

Three methods have been considered for waste rock placement:
i.

Gradual expansion seawards from the current coastline;

ii.

Developing a full-width working front with outer armoured edge, possibly commencing from the
south to provide protected water for ongoing dumping;

iii.

Rapidly developing a a narrow sea wall at the outer edge of the final landform to provide
protected water for development of seepage control measures.

Method i. has the particular disadvantage of continuously creating sediment, both suspended particles
and small gravel which would be carried northward to the existing beach. It also requires dumping into
the face of the waves through most of the operation.
Method ii. also allows ongoing generation of sediment but there would be less movement of gravel sizes
once the initial section along the southern boundary had been constructed.
Method iii. gives the most rapid and comprehensive control of sediment but requires longer haul
distances for the early stages of rock placement and the rapid development of special mining and
placement techniques.
For reasons of sediment control and to create still water conditions for the dumping of most of the waste,
Method iii. is adopted.

5.2

Rate of Supply

The rate of supply was determined from mine planning sheets provided by W. Holly which indicate an
average of 35,000 tonnes per month for volcanic rock and 70,000 tonnes per month of other waste rock.

5.3

Initial Shape

The shape of the outer edge is similar to that indicated in the SEMF report, and the constructed sea wall
is indicated in Fig. 4. Another possible geometry is to fill the section between the current geometry and
the existing harbour. However, this would fill a small cove immediately north of the current harbour
breakwater and would fill in a prime site for future development of a larger Grassy harbour.
The shape of the wall is influenced to the south and south east by the desire to retain a potential site for
a future deep water harbour. Along the south eastern and eastern edges it is a compromise of keeping
an adequate margin between the sea and the pit whilst not venturing into too deep water. At the northern
end it follows the direction of the waves rather than curve westwards to parallel the outline of the pit.
Such a curve would fill with sand or cobble in any case.
Overall the indicated shape would be adequate to contain the waste whilst meeting stability, aesthetic,
environmental and practical issues.
It is proposed to construct the seawall from the south western end. The early construction of this will
provide sheltered conditions north of the wall for other operations, including the placement of general
waste rock. As the sea wall turns to the north, all core rock placement is in the direction of the waves
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rather than against the waves. This is a safer construction, but specifically reduces the amount of
sediment being created.
The initial cross-section is show on Fig. 5, giving an approximate balance with the rate of supply of
volcanic and general waste rock. The material as dumped will take up its natural angle of repose of about
1.3 to 1 in sea conditions. Waves will then create the S-shape described in Section 4.4, the development
rate of which is dependent on the size and frequency of storms. The thickness of the outer armour zone
is sufficient to provide heavy rock for the S-shape development whilst still leaving an exposed face in
heavy rock. The width of the main core section of general rock is a compromise between providing
sufficient working width for traffic and minimising volume so as to speed the rate of advance. The
geometry of the zones must also give a balance between quantities of volcanic and general waste rock.
The height of the initial construction would be kept as low as possible so as to minimise volumes in order
to speed the rate of advance. However, Table 4.3 shows that lower levels have increased frequency of
overtopping by waves with associated danger to men and equipment, or alternatively requiring periods of
non-construction. From this table it it concluded that the working level should be RL 5 or greater.
Ultimately this would be raised to RL 9.5 or higher for long-term protection against overtopping.

5.4

Duration of Construction

Based on water depths from hydrographic survey, the rate of advance of the sea wall for Method iii. is
shown on Fig. 6. This assumes a constant rate of supply of both volcanic rock and general waste. The
overall construction period is nearly two years. During this time there is access to protected water behind
the sea wall for dredges or barges as required for other works.
At any given time, the rate of advance of the general fill and volcanic armour can be seen. The intent is
to have the core of general waste rock no more than 50 metres ahead of the armour so as to minimise
erosion and sediment of this material before it is covered by armour.
Due to changing ratios of volcanic to general waste as the water depth increases, there are periods
where one or the other zone will theoretically lead. In order to achieve the necessary leading of the
general rock core, either the rate of quarrying of material will be altered to achieve the balance, or
alternatively the height or width of the general waste zone can be changed to alter the demand for
general waste rock as compared to volcanic waste rock.
Various geometries were modelled to determine the optimum width and height of the two zones. The
geometry indicated on Fig. 5 is considered the best to balance the requirements of production rate, ratios
of materials, safe construction height, sufficient width for construction traffic and sufficient armour width
for safe development of the S-shaped profile.

5.5

Sediment Control

The proposed method of construction will minimise sediment. The outer volcanic rock is already sorted to
have only larger pieces. The inner wall is protected by the volcanic rock except for the leading edge.
Controls would need to be implemented such that the rock used on the outer side of this edge would be
coarser and cleaner material selected from incoming loads.
Selection of rock and placement procedures should be implemented and the results used to influence the
selection of rock and placement procedures for the critical outer edges.
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6.

Seepage

6.1

Seepage Behaviour

The simplest control of seepage into the new open cut would rely on the dumped waste being sufficiently
impermeable to limit seepage quantities to manageable levels. Site investigations have revealed
significant thicknesses of sand beneath the dumped waste, so seepage from this source has to be
included.
The problem for modelling of seepage is that most of the design parameters are unknown or not
accurately determined, viz:
»

thickness of sand;

»

permeability of sand;

»

permeability of waste rock.

This problem was managed by modelling for a range of parameters for the above three properties as per
Table 6.1. Other variables modelled were the varying depth of water and the width of the initial sea wall.
Unusual or critical conditions are described in Section 6.3
Table 6.1

Parameters for Seepage Modelling

Sand Thickness

6 metres
12 metres

Sand Permeability

4x10-6m/sec
1x10-5m/s
4x10-5m/sec

Rock Permeability

1x10-5m/sec
1x10-4m/sec
5x10-4m/sec

Bedrock Permeability

Zero

Depth of Water

10 metres
15 metres

Sea Wall Crest Width

50 metres
100 metres
150 metres
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6.2

Seepage Modelling

The general method of analysis involved varying these parameters over a predefined range to determine
their effect on the seepage behaviour of the sea wall. The results were presented in terms of maximum
flow velocities through both the sea wall and the underlying sand, and flow quantities through specified
sections.
Typical seepage flow diagrams are shown in Figs. 6 and 7 for flows under/through the sea wall and flows
into the pit face. These diagrams illustrate the comparative velocities and directions of flow. A summary
of all the seepage models is contained in Appendix E.
It was found that there existed a combination of controlled parameters that produced both maximum
velocities and flow quantities for each case examined. This critical combination corresponded to the
maximum values modelled for each parameter:
»

Rockfill permeability:

kr = 5.0 x 10-4 m/s

»

Sand permeability:

ks = 4.0 x 10-5 m/s

»

Sand layer thickness:

T = 12m

»

Seabed depth:

H = 15m

»

Sea Wall width:

W = 50m

6.3

Unusual or Critical Conditions

One field test in the existing rockfill indicated a permeability of 1x10-2m/s. Even though this may not exist
as a uniform layer, its effect was modelled to determine the effect on seepage through the sea wall and
through the exposed sand in the pit face. Not surprisingly, the seepage flow through the sea wall is
increased by a factor of 15, mainly through the rockfill. It would be very difficult to manage such flows if
permeable zones are continuous through much of the rockfill.
Seepage out of the sand in the pit face increased by a similar factor, since the highly permeable rockfill
transmitted high pressures to the underlying sand right up to the pit face. This situation is considered to
pose significant risks.
A situation was also modelled for an assumed one metre thick layer of shells or shingle contained within
the sand. Such a situation could arise from an old beach level or through alluvial sediment from the
nearby creek. Using a permeability of 1x10-3m/s it was found that such a layer would increase flows
considerably, with velocities 600% greater than the uniform sand case. Whilst such layers have not been
detected to date and may be limited in extent, they would pose difficult conditions and significant risk if
suddenly exposed in an open excavation.

6.4

Overall Seepage

Once the analysis was completed for all cases, the data was compiled and certain results were used to
determine the overall seepage behaviour of the sea wall system. The measured flow quantities were
used to calculate the total seepage flow both through the sea wall, and into the pit face. This was
achieved by integrating the relevant flow quantities over the entire sea wall length. The following table
contains a summary of the total seepage flow for each case analysed:
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Table 6.2

Total Seepage Estimates
Total Seepage Flow
Seepage Case

Seepage through
Sea Wall

(m3/s)

(m3/day)

Sea Wall

W = 50m
W = 100m
W = 150m

0.88
0.59
0.44

76,000
51,000
38,000

High Permeability Rockfill

W = 150m

6.40

550,000

Pit Face

kr = 5.0x10-4m/s

0.10

8,600

kr = 1.0x10-2m/s

1.57

140,000

Seepage into Pit
High Permeability Rockfill

For many of the modelled seepages, the rate of inflow is such that it could be controlled by one or two
conventional pumps. The important exception is the case where waste rock has zones of high
permeability as indicated by the testing of WB 8. This typically produces 15 times the seepage flow as
per the other models, well above the capability of any reasonable pumping arrangement.
This probable high permeability is crucial to selection of seepage control measures and this parameter
should be checked by large-scale testing before construction of the actual seepage control measures.

6.5

Piping and Erosion

Whilst the rates of flow are generally acceptable if the rockfill has low permeability, the local velocity of
flow where it exits the sand is critical. High velocities will carry away sand particles, causing a local hole
which acts as a shortened path or focus for seepage. The local velocities then increase, carrying away
more sand particles with the situation escalating rapidly until a hole or tunnel works its way backwards
through the sand to the ocean. Such failures have been known to develop in less than a day.
The maximum flow velocities from the models were used to determine the potential for seepage erosion
within certain sections of the sea wall system. The potential for liquefaction of the sand beneath the sea
wall was determined by examining the vertical seepage flow in the toe area for all seepage cases. The
critical vertical velocity was calculated, and this was compared with the maximum seepage velocities
through the sand. It was found that the theoretical factor of safety against liquefaction was adequate
provided that the seawall had over 100 metres crest width and provided there were no high permeability
layers within the marine sand.
A more likely failure point is in the exposed sand face that is potentially 10 or more metres high in the
newly cut faces in the pit.
The erosive effect of horizontal seepage onto the marine sand section of the pit face was modelled. In
this case the hydrodynamic stress imposed on the sand due to seepage flow was compared with the
critical shear stress for particle motion. Several seepage models show a significant chance of piping
failure, particularly since this face will have a slope of approximately 30 degrees. Whilst the slope is
structurally stable as a whole, individual sand grains will potentially be easily dislodged by seepage flow,
particularly if assisted by storm runoff down the face of the slope.
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This analysis showed that even when the seepage itself would not initiate erosion, any significant flow
down the face such as in a storm can combine with seepage forces to create erosion.
Therefore it is recommended that measures should be taken to either minimise this pit face seepage
and/or provide anti-piping protection to the face.
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7.

Control Measures

7.1

Control of Seepage

Five schemes have been considered as a means of controlling seepage to manageable levels, both in
terms of quantity and velocity of flow from the sand.
These are:
»

Clayey Fill Zone in Rockfill

»

Gravel Facing of Sand Exposed in Pit

»

Dewatering Bores or Spears

»

Grouting or Freezing

»

Cutoff Wall

These are shown in Figs. 9 to 13 along a section as indicated in Fig. 14. The sections illustrate a control
line generally in a position to protect the 10-year pit. It can be seen that the position of the Grassy Fault
may play a significant part in determining the position of some of the seepage interception schemes.

7.2

Clayey Fill Zone in Rockfill

After the original sea wall is built, further waste infill would be added on the inner face to form an outer
wall of say 150m width. A plug of clayey waste would then be placed, including a section that would key
into the seabed (Fig. 9). It may be possible to pump out the trapped water within the basin so as to
facilitate both the excavation of the key and the subsequent placement of clayey rock.
Modelling of seepage prior to excavation of the key is as per Model 19 in Appendix A and shows
moderate seepage flows and velocities. However, should the rockfill have patches of high permeability, it
becomes a major problem to achieve dewatering.
Further, the excavation of the key trench will still be in water-laden sands under pressure, thus risking
piping and collapse of the trench sides.
Unless dewatering spears are used in addition to general dewatering, the trench will need to be dredged
below water. A dredged key through the sand to a depth of say 10 metres would be about 40 metres
wide at seabed level, requiring large quantities of backfill. There is also the problem of how to reliably
place clayey rock at depths of up to 25 metres below sea level.
Hence a manageable depth of 3 metres was chosen for the key.
Modelling of this situation is described in Appendix A showed the overall seepage was reduced by 66%
but mainly due to blocking of flow through the waste rock. This blocking causes a corresponding build-up
of pressure in the waste rock thereby producing a slight increase in both the velocity and volume of flow
in the sand beneath the plug.
If the clay fill zone crosses the Grassy Fault, this method has no influence on controlling flows in the
fault.
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It is concluded that this method has considerable construction difficulties for little gain. If the waste rock
had zones of high permeability, the clay plug would at least bring the total seepage down to manageable
levels. However, this scheme does little to improve stability of the exposed sand face in the open pit.

7.3

Gravel Facing of Sand Exposed in Pit

Modelling has shown total flow rates into the pit being at manageable levels, with the crucial and
probable exception if the waste rock is found to have zones of high permeability. The flows and velocities
in the sand would almost certainly initiate piping if the sand contained remnant layers of shells or shingle
from old buried beaches, or if there were buried gravel layers left behind by the nearby creek.
In order to reliably prevent piping, and also to stop rainfall erosion of the exposed sand face, a gravel
layer at least 1 metre thick would be placed over the sand to act as a filter (Fig. 10). The gravel would
probably be sourced by crushing the shingle deposited on nearby beaches to an average size of about
12mm and would include particles down to sand size. The gravel would be kept in place and weighted
down with 4 metres or so of clean rockfill.
The gravel and rock filter technique is identical to that commonly used in earth dam construction.
To ensure safety against piping during construction, the sand face would be exposed in 100 metre
lengths of a wide trench ahead of the mining reaching this point. Accidental trench collapse would then
be limited in its extent and its impact on the pit. It is likely that dewatering spears would be required
alongside and ahead of the section of trench being worked. The width of gravel and sand, together with a
bench for dewatering spears, would require the pit outline to be 10m wider at the top than for other
solutions.
Whilst the technique is reliable in itself, it provides no protection at all against large inflows through
permeable zones in the rockfill. It would then need other control measures as well, with associated
doubling up of costs.

7.4

Dewatering Bores or Spears

Conventional dewatering bores or spears could be used to control inflow into the pit as per Fig 11. These
may need to be spaced at 20 metres or less and there would be difficulties in drilling through the waste
rock.
The volume of water to be pumped could be up to twice the volume that would otherwise flow into the pit.
Should there be zones of high permeability waste rock, which is quite likely, then the flows to be pumped
would be enormous and closer spacing of bores may be required. The bores would probably have to
extend into the Grassy Fault, further increasing the flows.
This solution is also dependent on a near-continuous source of power. If power is disrupted due to say a
transformer or switchboard fire, then water levels would rise and start to flow into the pit within a day.
Since stability and prevention of piping of the sand face is dependent on the pumping, the closure of
mining would require careful control to prevent collapse of materials into the pit. Restarting of future
mining in the pit would also require careful management.
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7.5

Grouting or Freezing

A low permeability barrier could be created around the pit by injecting grout into the waste rock and sand
or by freezing the ground in a controlled zone (Fig 12). Both methods require a large number of holes,
possibly spaced as closely as 3 metres or less. There would be particular difficulties in drilling these
through the waste rock.
Grouting of the sand would probably require chemical grout to penetrate the small voids and this is
considerably more expensive than cement grout. Grouting of the waste rock would be by cement-based
grout, using fillers such as sand, fine gravel or woodchips in areas where the waste rock is highly porous.
It is likely that grout in the waste rock would extend far wider than the intended zone with associated
increase in costs. Similarly, extending the grouting into the fault zone would require close control to
manage the amount of grout being injected.
A particular disadvantage of grouting in these conditions is that it is very difficult to predict the final
quantities and cost.
Ground freezing is achieved by passing a refrigerant down a cased borehole, with water being frozen
around the casing and gradually extending radially outwards until it interlocks with the frozen zones from
adjacent boreholes. The technique is more difficult where water is flowing past the boreholes that may be
significant in the KIS waste rock or in the fault.
For both methods it is probable that there will be some areas where the waterproof zone is incomplete.
Overall flow will be relatively low through these and will dissipate through sand and waste rock between
the barrier and the pit. The resulting flows should be quite manageable.
In the case of ground freezing, the refrigerant must continue to be circulated for the duration of the
project although, due to thermal lag, it is less sensitive to interruptions of power supply. There is a risk
with freezing that flow through gaps in the frozen wall may melt the ice, expand the hole, increase the
flow and cause an escalating flow.
Closure of the mine would need to be carefully managed as the frozen barrier gradually thaws.

7.6

Cut-off Wall

This technique is in common use and involves excavating a narrow, vertically-sided trench through the
porous materials and then filling that trench with a waterproof material, usually concrete (Fig 13). Special
machines are used to cut the trench and can reach depths of 60 metres or more. The trench is held
stable during construction by having it continuously full with bentonite slurry, the pressure from this slurry
being greater than the pressure of water in the surrounding ground. Flow from the trench into the ground
leaves a cake of bentonite on the side of the trench which adds to the stability.
The trench is usually excavated in interlocking panels several metres long by 600mm or 800mm wide.
The machines are capable of keying the bottom of the trench into the top of bedrock. When excavation
reaches full depth, concrete is tremied into the bottom, displacing the slurry from the top. The end
product is a concrete cut-off wall down to bedrock, thus cutting off the seepage pathways.
Whilst machines are available to excavate trenches through waste rock, it is a complex and expensive
task. Also there is a risk of considerable loss of slurry, trench collapse and additional concrete where the
waste rock contains voids.
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Hence it is proposed to remove waste rock along the alignment of such a trench, using excavators plus
possibly a dragline for removing rock below water level. This wide trench would be filled with dredged
sand to just above sea level and the cut-off wall would then be rapidly cut through the sequence of
dredged sand and natural sand to bedrock.
This geometry also gives the smallest necessary wall, being built from just above sea level. Water flow
past this wall would be negligible to small, certainly a fraction of that predicted in Section 6.
The technique is long established and has given reliable results in many ground and bedrock conditions.
Some grouting through the cut-off wall may be required if, as indicated on Fig. 14, the wall crosses the
Grassy fault zone. It is the most positive method of preventing flow through porous waste rock and
reduces the seepage out of the exposed sand face in the pit to a minimum. There are similar techniques
involving interlocking circular cement piles that might be evaluated in the design stage.

7.7

Summary of Schemes and Risks

A summary of advantages, disadvantages and risks is shown in Table 7.1.
Table 7.1

Comparison of Seepage Control Schemes

Method

Advantages

Clayey Fill

»

»

Gravel
Facing

Dewatering
Spears

Grouting or
Freezing

61/17340/58608

Uses general fill to
achieve
waterproofing
Will block areas of
high permeability
waste rock

Disadvantages

Risks
»

Difficult construction

»

Poor quality below
water

»

Limited reliability

Wider pit cutback

»

Fails if there are zones of high
permeability waste rock

Period of risk during
construction

»

May be negated by
conditions found
during construction

»

Potentially high
installation and
pumping costs

»

Potential failure and
flooding if power
supply fails

»

Key will have to be cut below
water

»

Key unlikely to penetrate sand

»

Limited waterproofing effect

»

Will not control flows in Grassy
Fault

»
»

»

Established
technique

»

Simple construction

»

Predictable cost

»

Requires local dewatering during
construction

»

Known technique

»

Difficult drilling

»

Greatly reduced
inflow rates

»

Pumps much more water

»

Needs near-continuous power
supply

»

What to do at mine closure?

»

Difficult drilling

»

»

Potential high costs for
installation and operation

Difficult to predict
costs

»

Effect of potential
flaws

»

Generally reliable
methods

»

Greatly reduced pit
inflow rates
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»

Possible undetected flaws

»

What to do at mine closure for
freezing scheme?
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Cut-off Wall

»

Well-proven
technique

»

Requires establishment of
specialised equipment

»

Positive and
permanent seal

»

Difficult work if encounters
boulders

»

Greatly reduces pit
inflow rates

»

May still require grouting if it
crosses Grassy Fault

»

Establishment Cost

From a cost point of view, the gravel facing of Scheme 2 is possibly the lowest cost. However, this
scheme would not work if there were zones of high permeability waste rock.
From a risk point of view, the most reliable methods are the cut-off wall and grouting. Of these two, the
cut-off wall gives the most positive seal and has relatively low risk of unforseen cost overruns.

7.8

Recommended Scheme

For reasons of controlling risk and being able to provide confident predictions of cost, the concrete cut-off
wall scheme is recommended. This scheme is independent of the sea wall construction programme with
the exception that the sea wall would have to be sufficiently advanced to provide wave protection to the
sand dredge which is required for backfilling of the open trench, see Section 8.4.
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8.

Recommended Layout

8.1

Sea Wall

In this report, the sea wall position has been assumed to be the first item of construction using waste
rock. The location is the final outer perimeter of what is to become the completed waste rock dump.
However, this construction lasts only two years. Thereafter both the good volcanic rock and the
remaining rock become simply general fill.
It is possible that an interim sea wall could be built closer to the pit, the advantage being that this shorter
length could be built more rapidly with overall shorter haul distances. This would also give more rapid
control of siltation arising from dumping at sea.
At a later time, the permanent outer sea wall would have to be built but current information indicates that
there should be ample volcanic rock of good quality to build the armour zone. A potential disadvantage of
this arrangement is that the armour zone of the interim sea wall would provide a high permeability ring
around the pit. Any leakage through the outer sections of infill and marine sand would then be
transmitted to apply pressure equally around the remaining waste rockfill nearer to the pit. If a seepage
protection system such as a cut-off wall is used, this has little consequence but other seepage control
mechanisms that rely on long seepage paths would be disadvantaged by the interim sea wall.

8.2

Cut-off Wall

Figure 14 shows the cut-off wall to be located approximately 50 metres from the edge of P
“ it 17”, being
the pit position after about 5 years of mining. The 50m was considered to be the minimum distance to
accommodate the inner slope of the dumped waste rock, an access road at the top of the pit, seepage
collection drains and a safety margin.
This wall position has the advantages of being the shortest reasonable length of cut-off wall, is probably
in areas of shallower sand and bedrock, is constructed through the existing platform of waste rather than
out to sea and cumulatively is the lowest cost consistent with a useful life. There is also a potential
advantage that this position may be adjusted to avoid intersecting the Grassy Fault.
The disadvantage is that for ongoing pit development a replacement cut-off wall will have to be built,
abandoning the initial wall. An approximate position of the alternative Year 10 wall is indicated in Figure
14 but the actual position will be determined by ongoing optimisation of the likely pit geometries for Year
10 and beyond. It is noted that this alternative wall will cross the Grassy Fault in two locations.
The impact of building two cut-off walls has not been analysed, but allowing for the time of construction
of a wall the new wall construction would need to commence after 4 years of mining, followed by
abandonment of, say, $5 M value of the original wall. Such an economic evaluation of two walls instead
of one was not in the scope of this report.
Depending on the final pit profile, it is possible to mine closer to the cut-off wall even to the point of
exposing part of the wall. The wall has structural strength and can be held back by a series of anchors
drilled through the wall.
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8.3

Timing

As discussed in Section 4, the outer sea wall could be constructed in less than 2 years from
commencement of work on site. An interim sea wall could be constructed in a little over one year. The
time taken for sea wall construction does not appear to be critical to mining operations.
For the 5 year cut-off wall indicated in Fig. 14, the time of construction would be 9-12 months including
design and establishment of equipment on site. This scheme requires a sand dredge from about month
4, but sufficient sea wall should be in place to provide wave protection to the operation of the dredge.
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Appendix A

Borelogs of Water Test Boreholes
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Appendix B

Pump Test Results
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Appendix C

Interpreted Cross Section from Pit to
Ocean
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Appendix D

Mining Schedules for Waste Rock
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Seepage Modelling
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Seepage Calculation
Introduction
Seepage through the proposed Sea Wall was modelled using the finite element seepage analysis
package SEEP/W. This program was used to conduct a parametric investigation into the influence of
factors such as construction material properties, Sea Wall geometry and seabed properties.

Several different cases were examined using this parametric approach:
»

Sea Wall seepage

»

Sea Wall seepage with Clay Plug

»

Pit Face seepage

»

High Permeability Rockfill seepage

»

High Permeability Sand Layer seepage

For each of these cases, the results obtained from the seepage analysis were presented in terms of the
following outputs:
»

Flow diagrams displaying flow paths and velocity vectors

»

Maximum flow velocities

»

Flow quantities through specified sections

Sea Wall Seepage
The first case examined involved modelling the seepage through both the proposed Sea Wall and the
underlying marine sand layer. Figure 1 is a schematic of the general geometry of the Sea Wall, and
displays the different materials present in this specific case.

Methodology
Since reliable measurements of material properties are not available, the general method of analysis
involved systematically varying selected parameters to determine their influence on the seepage
behaviour of the Sea Wall. These controlled parameters consist of the material permeability (both sand
ks and rockfill kr), sand layer thickness (T), pressure head difference (H), and Sea Wall width (W). The
range of values investigated for each of these parameters was chosen to represent the predicted range
of field conditions. Table 1 contains a summary of the complete set of investigated parameters and their
corresponding values.
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Run
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Seawall
Sand Layer
Pressure Head
Width W (m) Thickness T (m) Difference H (m)

50

100

31
32

33

150

Rockfill
Permeability kr
(m/s)
1.0E-04
1.0E-04
1.0E-04
5.0E-04
1.0E-05
1.0E-04
1.0E-04
1.0E-04
5.0E-04
1.0E-05
1.0E-04
1.0E-04
1.0E-04
5.0E-04
1.0E-05
1.0E-04
1.0E-04
1.0E-04
5.0E-04
1.0E-05
1.0E-04
1.0E-04
1.0E-04
5.0E-04
1.0E-05
1.0E-04
1.0E-04
1.0E-04
5.0E-04
1.0E-05

4.0E-05
4.0E-06
1.0E-05
4.0E-05
4.0E-05
4.0E-05
4.0E-06
1.0E-05
4.0E-05
4.0E-05
4.0E-05
4.0E-06
1.0E-05
4.0E-05
4.0E-05
4.0E-05
4.0E-06
1.0E-05
4.0E-05
4.0E-05
4.0E-05
4.0E-06
1.0E-05
4.0E-05
4.0E-05
4.0E-05
4.0E-06
1.0E-05
4.0E-05
4.0E-05

12

15

6

15

12

10

12

15

6

15

12

10

12

15

5.0E-04

4.0E-05

6

15

5.0E-04

4.0E-05

12

10

5.0E-04

4.0E-05

Table 1: Investigated Parameters
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As previously mentioned, the Sea Wall seepage behaviour was monitored using certain outputs. These
outputs were used to determine the response of the Sea Wall seepage system to changes in the
controlled parameters. To allow for direct comparison between all the investigated cases, certain
common response variables were obtained. These variables are listed below:

»

Toe Exit Velocity from sand

(m/s)

»

Face Seepage Velocity from rockfill

(m/s)

»

Toe Flow from sand

(m3/s per m width)

»

Face Seepage Flow from rockfill

(m3/s per m width)

»

Total Flow

(m3/s per m width)

Therefore in the following section, the results of the seepage analysis are presented in terms of the
specific influence of each of the controlled parameters through comparisons of the obtained response
variables.

Results
Influence of Material Permeability
To determine the effect of varying the material properties, three values of sand permeability (ks) were
evaluated for the most likely rockfill permeability of kr = 1.0x10-4 m/s. Similarly, three values of rockfill
permeability (kr) were evaluated for the higher value of sand permeability (ks = 4.0x10-5). This resulted in
five permeability combinations being analysed (Runs 1 through 5 as defined in Table 1). Figures 2
through 9 contain comparisons between the calculated response variables for all five permeability
combinations. Each variable is plotted with either sand permeability or rockfill permeability, to display the
parameters specific influence.
Through analysis of these plots it can be seen that the Face Seepage velocity increases with increasing
rockfill permeability (Figure 2), while remaining essentially constant with varying sand permeability
(Figure 3). However, the Toe Exit velocity increases with both rockfill permeability (Figure 4) and sand
permeability (Figure 5) though the observed increase is more marked for sand permeability. These
results suggest that the Face Seepage velocity is controlled by the rockfill permeability, while the Toe
Exit velocity is largely dominated by the sand permeability. Figures 6 and 7 display similar relationships
for the calculated flow quantities with Seepage Flow essentially increasing with rockfill permeability, while
the Toe Flow increases with both sand and rockfill permeability. The Total Flow through the seawall is
influenced by both rockfill (Figure 8) and sand (Figure 9) permeability, however the rockfill permeability
dominates the Total Flow behaviour. In summary, the results suggest that both the Face Seepage
velocity and flow are essentially completely controlled by the rockfill permeability, while Toe flow and
velocity increase with both sand and rockfill permeability.
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Influence of Sand Layer Thickness
Due to likely variations in the thickness of the marine sand layer beneath the proposed Sea Wall, two
different layer thicknesses were modelled (T=12m and T=6m). These two layer thicknesses were
analysed for all five permeability combinations, and the specific influence of sand layer thickness was
investigated through the comparison of Runs 6 through 10, with Runs 1 through 5.
Figures 10 through 15 contain comparisons between cases with similar permeability combinations.
Analysis of the first two figures reveals that the general effect of a reduction in sand layer thickness is a
slight decrease in both Face Seepage and Toe Exit velocities over all permeability ranges. The reduced
sand layer thickness causes a slight increase in Face Seepage Flow (Figure 12), but this is coupled with
a large decrease in Toe Flow as expected (Figure 13). These results combine to produce an overall
reduction in Total Flow through the seawall (as observed in Figures 14 and 15). Conversely, the results
imply that if the sand layer were thicker than 12m there would be corresponding increases in the Toe
Flow and Total Flow.

Influence of Sea Bed Depth
The next parameter to be investigated was the variation in the depth of the seabed beneath the proposed
Sea Wall. This variation was represented by two different values of pressure head, H=15m and H=10m.
The influence of the sea bed depth was investigated through Runs 11 to 15 (H=10m), with the obtained
data included in Figures 10 through 15 to allow comparison with Runs 1 to 5 (H=15m). From these
figures it can be seen that the general effect of a shallower seabed is a decrease in both velocity and
flow quantities as expected. However, it is also observed that the percentage reduction in velocity is
notably less than that for flow quantities.

Overview of Parameter Influence
Before the effect of changing the Sea Wall width was examined, the data for Runs 1 to 15 was compiled
and analysed to determined the overall influence of the controlled parameters of material permeability,
sand layer thickness and applied pressure head. Figures 16 and 17 display the overall behaviour of the
Face Seepage velocity and the Toe Exit velocity respectively. These plots display the influence of
material permeability, sand layer thickness and pressure head. It can be seen that similar general trends
are followed for all combinations of parameters. These figures, combined with Figures 10 through 15,
reveal that the flow velocities are largely dominated by the material permeability (i.e. the influence of T
and H on the velocity is comparatively small). However, the quantities of flow appear to be influenced by
all the controlled parameters.
The overall trend of the results confirm that flows and velocities are higher for the highest combinations
of variables, therefore the following two conclusions can be drawn:
»

There exists a critical permeability combination which produces both the largest velocities and flow
quantities. This combination corresponds to the maximum values modelled for each material:
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kr = 5.0 x 10-4 m/s

o

ks = 4.0 x 10-5 m/s
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»

For each permeability combination the critical geometry parameters correspond to those modelled in
the original base case:
o

Sand layer thickness:

T = 12m

o

Pressure Head:

H = 15m

Influence of Sea Wall Width
In order to determine the influence of the Sea Wall width on the seepage behaviour, three proposed
widths were selected (W=50m, 100m, 150m). Initially, the combinations of parameters that were used in
Runs 1 through 15 were repeated with the Sea Wall width increased from 50m to 100m (as displayed in
Table 1). These results were compiled, and it was found that the response variables displayed similar
trends to those observed for a width of 50m. Therefore for further investigations it was only necessary to
examine the critical permeability combination, with varying T, H and W. These cases are listed in Table 1
as Runs 31, 32 and 33.
Comparisons between each width parameter (W=50m, 100m and 150m) reveal the influence of the Sea
Wall width (compiled in Figures 18 to 22). In general, increasing the seawall width produces a generally
proportional reduction in the both the velocity and flow variables. However, the percentage reduction in
flow rate is greater than the corresponding reduction in velocity. This observation is in line with the
previous statement that the velocity variables are influenced more by the material properties, than the
geometry parameters.
These observations lead to a refinement in the conclusions of the previous section:
»

»

The critical geometry parameters now become:
o

Sand layer thickness:

T = 12m

o

Pressure Head:

H = 15m

o

Sea Wall width:

W = 50m

Therefore, the critical combination of all the controlled parameters becomes:
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o

Rockfill permeability:

kr = 5.0 x 10-4 m/s

o

Sand permeability:

ks = 4.0 x 10-5 m/s

o

Sand layer thickness:

T = 12m

o

Pressure Head:

H = 15m

o

Sea Wall width:

W = 50m
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Total Seepage Flow through Sea Wall
Once the Sea Wall seepage analysis was completed for all combinations of controlled parameters the
data was combined and used to calculate the total seepage flow through the entire length of the Sea
Wall. Previously the flow quantities were presented in terms of m 3/s per meter width, therefore to
calculate total flow quantities relevant lengths were required. These lengths were obtained from the Sea
Wall longsection by measuring distances over which certain combinations of parameters applied (i.e. T, k
and H). Due to a lack of information on the sand layer thickness beneath the Sea Wall, the value of T =
12m was adopted over the entire Sea Wall length. To provide a conservative estimate it was assumed
that the material permeability corresponded to the maximum values modelled (i.e. the critical
combination). Therefore, these measured lengths were determined solely by the distribution of seabed
depth (represented by H). It was found that the middle section of the Sea Wall could be modelled as
having a constant seabed depth of 15m, while the varying depths at each of the end sections were
approximated by applying the H = 10m condition over the measured lengths.
Table 2 below displays the combinations of parameters used to calculate the total flows, and the
sectional lengths over which they were applied.

Sea Wall Width
(m)
50

100

150

Sand Layer
Thickness
(m)
12
6
12
12
6
12
12
6
12

Applied
Pressure
Head (m)
15
15
10
15
15
10
15
15
10

Total Flow
(m3/s per m)
6.7E-04
6.4E-04
3.5E-04
4.5E-04
4.3E-04
2.3E-04
3.4E-04
3.2E-04
1.7E-04

Relevant
Sectional
Length (m)
732

Flow
Increments

Total Flow
through Sea Wall
3
(m /s)

4.9E-01
8.8E-01

1098
732

3.9E-01
3.3E-01

1098
732

2.5E-01
2.5E-01

1098

1.9E-01

5.9E-01

4.4E-01

Table 2

From this table it can be seen that increasing the Sea Wall width results in a dramatic reduction of total
flow through the Sea Wall system. For example increasing the width from 50 m to 150 m effectively
halves the total amount of seepage through the Sea Wall.
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Sea Wall Seepage with Clay Plug
The second case examined involved modelling the inclusion of a Clay Plug intended to control seepage
velocities to well below critical piping values, but also to limit the amount of seepage through the Sea
Wall. Figure 23 contains the general geometry of the proposed Sea Wall and Clay Plug system. It was
deemed that excavation for the plug in a dewatered basin would likely increase the potential for piping
unless dewatering spears were used. The plug would therefore have to be dredged below water, and the
clay also placed below possibly 15m of water. For practical reasons the plug was limited to a depth of
3m.

Methodology
The following combination of controlled parameters was used when modelling the effect of the Clay Plug
on the Sea Wall seepage behaviour:
»

Clay Plug depth:

D=3m

»

Clay Plug permeability:

kp = 1.0 x 10-6 m/s

»

Rockfill permeability:

kr = 5.0 x 10-4 m/s

»

Sand permeability:

ks = 4.0 x 10-5 m/s

»

Crest width:

W = 100 m

»

Sand Layer Thickness:

T = 12 m

»

Applied Pressure Head:

H = 15 m

»

Riprap permeability:

ksat = 1.0 x 10-2 m/s

To determine the specific effect of the Clay Plug, the output data was presented in the same format as
used in the Sea Wall seepage case. This allowed for direct comparison between the Clay Plug case and
the Sea Wall case with similar parameters (corresponds to Run 19 in Table 1).

Results
Figures 24 and 25 contain comparisons between the two cases for the velocity and flow respectively.
Examination of these results indicates that the inclusion of the Clay Plug dramatically reduces flow in the
rockfill, both for Seepage Face velocity and flow (by approximately 99%). As a result of this large
reduction, the Total Flow also decreases. However, the corresponding pressure build up in the rockfill
actually increases both the Toe flow and velocity beneath the plug.
Figure 26 displays the overall flow diagram for the Clay Plug seepage case, while Figure 27 contains a
close up of the toe (displaying scaled velocity vectors).
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Pit Face Seepage
Investigation of the geology of the location of both the Sea Wall and the pit extension revealed that the
existing marine sand layer extends away from the Sea Wall and intersects with the proposed Pit face.
Therefore the third case modelled examined seepage flow through the Sea Wall, along the sand layer
and into the Pit face. Figure 28 is a schematic representation of the general geometry modelled in the Pit
Face seepage case.

Methodology
The geometry of the marine sand layer is determined by the location of both the seabed and the
underlying bedrock. The distribution of both these layers was determined from information obtained from
existing borehole logs. Cross-sections were then generated using this distribution, and from these the
critical sand layer geometry was chosen. This geometry corresponded to the thickest sand layer (10m) at
the Pit face and the shortest horizontal distance from the Sea Wall to the Pit face (approximately 500m).
The Sea Wall geometry chosen corresponds to the critical geometry parameters as determined from the
Sea Wall seepage case, as this combination resulted in the largest velocities and flow quantities:

»

Sand layer thickness:

T = 12m

»

Pressure Head:

H = 15m

»

Sea Wall width:

W = 50m

The geometry of the waste layer above the marine sand was selected to model the condition of complete
filling of the space between the Sea Wall and the Pit with waste material, and no dewatering activities.
As previously, the method of analysis involved systematically varying the parameters to determine their
influence on the seepage behaviour of the system. In this case however the only parameter to be varied
was the material permeability, with the range of permeability combinations examined listed below:

»

»

»

Run P1 (High sand permeability)
o

Rockfill permeability: kr = 1.0 x 10-4 m/s

o

Sand permeability:

ks = 4.0 x 10-5 m/s

Run P2 (Low sand permeability)
o

Rockfill permeability: kr = 1.0 x 10-4 m/s

o

Sand permeability:

ks = 4.0 x 10-6 m/s

Run P3 (Average sand permeability)
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o

Rockfill permeability: kr = 1.0 x 10-4 m/s

o

Sand permeability:

ks = 1.0 x 10-5 m/s
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»

»

Run P4 (High rockfill and sand permeability)
o

Rockfill permeability: kr = 5.0 x 10-4 m/s

o

Sand permeability:

ks = 4.0 x 10-5 m/s

Run P5 (Low rockfill permeability)
o

Rockfill permeability: kr = 1.0 x 10-5 m/s

o

Sand permeability:

ks = 4.0 x 10-5 m/s

Due to the altered geometry and focus of the problem, new response variables were defined:

»

Sand Seepage Face velocity

into Pit

(m/s)

»

Rockfill Seepage Face velocity into Pit

»

Maximum Sand Layer Boundary velocity (m/s)

»

Sand Layer Flow into Pit

(m3/s per m width)

»

Rockfill Flow into Pit

(m3/s per m width)

»

Total Flow into Pit

(m3/s per m width)

(m/s)

Results
Figures 29 and 30 display the influence of material permeability on the calculated response variables.
From these figures it can be seen that, in general, both the velocity and flow variables are dominated by
the critical permeability combination as defined in the Sea Wall seepage case (corresponding to Run
P4). However, it should be noted that the maximum values obtained for both velocity and flow quantities
in the Pit face seepage case are approximately an order of magnitude less than those obtained for the
Sea Wall seepage case.
The total seepage flow into the proposed Pit was calculated by distributing the total flow quantities (m 3/s
per m) over a measured longsectional length. In this case the only parameter varied was the material
permeability (T, H, and W were held constant). Therefore a single total flow quantity was applied over the
entire length, corresponding to the flow produced in the critical permeability case (Run P4). This provided
a conservative estimate of the maximum total seepage flow into the Pit. The longsectional length used in
this calculation was an approximate Pit face length of 1000m. These values resulted in a total seepage
-1 3
flow into the Pit of approximately 10 m /s, of which essentially all enters through the marine sand layer.
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High Permeability Rockfill
One field test conducted on the existing rockfill material indicated that the permeability could be as high
as 1.0x10-2 m/s in some sections. Therefore this material property case was modelled to determine the
effect on both the Sea Wall seepage behaviour and the Pit face seepage behaviour.

Methodology
The method of analysis employed to determine the effect of the high permeability rockfill involved the
selection of a certain combination of controlled parameters (for both the Sea Wall and Pit face cases) for
comparison with a corresponding base case.
The selected parameters were as follows:
»

Sea Wall seepage case:
o

Rockfill permeability:

kr = 1.0 x 10-2 m/s

o

Crest width:

W = 150 m

o

Sand permeability:

ks = 4.0 x 10-5 m/s

o

Sand Layer Thickness:

T = 12 m

o

Applied Pressure Head:

H = 15 m

o

Riprap permeability:

ksat = 1.0 x 10-2 m/s

(Comparable base case is Run 31 as defined in Table 1)
»

Pit face seepage case:
o

Rockfill permeability: kr = 1.0 x 10-2 m/s

o

Sand permeability:

ks = 4.0 x 10-5 m/s

(Comparable base case is Run P4)

Results
The effect of the high permeability rockfill was determined for each case. Figures 31 and 32 display the
change in seepage response of the Sea Wall case. It can be seen that the increased rockfill permeability
results in a large increase in Seepage Face velocity (approximately one order of magnitude), but has a
negligible effect on the velocity out of the sand toe. Similarly, the increase in k r results in an order of
magnitude increase in the Total flow, which is due almost entirely to an increase in the Seepage flow.
The effect of rockfill permeability on the Pit face seepage case is displayed in Figures 33 and 34.
Behaviour similar to that of the Sea Wall case can be observed, with a large increase in the seepage
velocity through the rockfill. The Total flow also increases by an order of magnitude, due largely to the
flow through the rockfill.
The total seepage flow through the high permeability rockfill was calculated for both the Sea Wall and Pit
Face cases. This was then compared to the corresponding previously calculated seepage flows to
determine the influence of the high permeability rockfill. For the Sea Wall seepage case the calculated
total flow quantity for the high permeability rockfill (H=15, W=150) was applied over the middle section,
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while flow through the end sections was approximated using the H=10, W=150 and kr=5.0x10-4 condition.
This led to a calculated total flow value of 6.4 m3/s, which is approximately 15 times greater than the
nominal value contained in Table 2. Total Pit face seepage was calculated using the single high
permeability flow quantity, distributed over the approximate Pit face length of 1000m. The resulting total
seepage flow into the Pit was 1.6 m 3/s, which is approximately 16 times the previously calculated value.

High Permeability Sand Layer
Whilst seepage velocities in the sand are generally below those that could initiate a piping failure, the
velocities are sensitive to the local permeability at exit point. If there were a layer of shells or shingles
from an old beach level, or a layer of gravel from the local stream, flow through this could be sufficient to
initiate a failure. Therefore a seepage case was analysed to include the presence of a high permeability
layer, within the existing marine sand layer. This high permeability inclusion was modelled for both the
Sea Wall seepage and the Pit face seepage cases, with Figures 35 and 36 displaying the general
geometry for each case respectively.

Methodology
The analysis involved modifying the defined critical case for both the Sea Wall and Pit face seepage
models. This was achieved by including a 1m thick sand layer with a permeability of 1.0x10 -3 m/s, located
at the centre of the existing marine sand layer. The influence of this high permeability inclusion was then
determined by comparison of the calculated response variable with those of the corresponding base
cases (Run 4 and Run P4 respectively).

Results
Figures 37 and 38 display the effect of the high permeability sand layer on the Sea Wall seepage
behaviour. The high permeability inclusion causes an increase in Total flow but there is some decrease
in the amount of flow through the Sea Wall. This implies an increase in the quantity of flow through the
sand layer due to the presence of the highly permeable layer.
The effect of the high permeability layer on the Pit face seepage is contained in Figures 39 and 40. The
results show a general increase in the flow quantities, but display a marked increase in the maximum
sand seepage velocity. This maximum velocity occurs in the high permeability layer, as expected, and
represents a 600% increase in Seepage Face velocity due to the high permeability inclusion.

Erosion due to Seepage
Seepage erosion is one mechanism that can lead to instability or failure of slopes. Therefore it is
important to determine if any of the seepage cases analysed display the potential for this type of erosion.
The erosion potential was investigated by examining two generalised seepage scenarios. These
scenarios involved vertical seepage near the Sea Wall toe, and horizontal seepage through the sand
layer of the Pit face.
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Vertical seepage through a soil can cause erosion and instability through liquefaction. When the upward
seepage force exceeds the downward weight force of the soil, effective stress is reduced to zero and a
state of static liquefaction occurs. High hydraulic gradients in the sand near the Sea Wall toe can cause
localised static liquefaction, which leads to piping and boiling of the soil. For the marine sand layer the
critical hydraulic gradient that causes liquefaction was calculated using the maximum material properties
modelled. This gradient was then converted to a critical velocity for comparison with the maximum
vertical velocities obtained in each seepage case. Table 3 summaries the maximum flow velocities for
each seepage case, and contains the calculated critical vertical velocity along with the factor of safety
against liquefaction.

Seepage Case

Critical Vertical
Velocity (m/s)

Sea Wall
Seepage High Permeability
through
Rockfill
Sea Wall

1.49E-04

High Permeability
Sand Layer

Maximum Sand Factor of Safety
Seepage Velocity
against
(m/s)
Liquefaction
4.1E-05

3.6

3.6E-05

4.1

4.4E-05

3.4

Table 3

The results suggest that for all seepage cases analysed the proposed Sea Wall system will not
experience erosion due to liquefaction of the sand beneath the Sea Wall toe.
Horizontal seepage can also cause erosion where subsurface flows emerge on inclined surfaces (usually
termed piping). Even if the overall slope is stable under the seepage forces, local failure can occur if exit
velocities exceed critical values. These failures are often progressive and can cause problems for the
long-term stability of the slope. To determine the potential for this type of erosion, the hydrodynamic
stress imposed on the soil due to the seepage flow was examined. If this stress, a function of flow
velocity, exceeded a critical value (the threshold of motion) then erosion would occur. The most common
measure of this hydrodynamic stress is the viscous shear stress, which is characterised by the Shields
parameter. The Shields parameter is essentially the ratio between the horizontal force due to the flow,
and the vertical force due to the soils weight. Defined in this way Shields parameter generally applies to
sheet flow over a surface, however in this case a modified version was used to include the effects of
seepage. For each seepage case analysed, the maximum value of this modified Shields number was
calculated for flow through the Pit face slope. This was then compared with the critical value of Shields
number representing the threshold of motion for the marine sand. The tentative results of these
calculations suggest that any amount of seepage through the marine sand layer of the Pit face will lead
to erosion. It is therefore recommended that measures be put in place that completely eliminate seepage
through this sand layer.
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King Island Scheelite Ltd
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Proponent:

King Island Scheelite Ltd

Modelling:

Mike Power

Permitting Officer

Rosemary Holness

BACKGROUND
SEMF prepared a DP&EMP in support of the re-development of the King Island Scheelite
mine at Grassy. The report relied on published wind maps as there is little available wind
measurements on the island. In addition there was no information regarding emissions
from the proposed 5 MW power plant. This is largely because precise details are not
known at the moment. It has been suggested that initially a diesel powered generator will
be used, however in the long term a gas-fired plant may be commissioned.
In the light of these uncertainties I decided to use TAPM to model the meteorology of
King Island, and in a separate modelling run to simulate dispersion from representative
power sources. These results will be made available to SEMF, and will be used in the
assessment process.
The two stage modelling approach has been adopted as a trial of TAPM’s ability to store
and re-use modelled meteorology. This will also provide meteorological data to support
future modelling investigations should dust emissions ever become a problem.
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MODEL CONFIGURATION – METEOROLOGICAL & DISPERSION MODELLING
Model Choice

TAPM V 3.0.6/7

TAPM Default files

• F:\TAPMRuns \KingIsland\KingIs_30k.def

Run File Name Prefix

KingIs_30k

Aims

•

Terrain Data

Databases

Vegetation / Land use file

(meteorology)
• F:\TAPMRuns \KingIsland\Pollution\KingIs_30k.def
(dispersion)

To provide modelled meteorology for analysis within the
assessment process.
• To use conserved meteorology to drive dispersion
modelling of generator emissions for a diesel-powered
scenario and a gas- fired scenario.
• To provide conserved meteorology to support possible
future dispersion modelling scenarios.
• Geodata 9 second DEM (approx 250 m resolution)

• Vege.aus 3- minute grid (approx 5 km resolution)
• TasVeg250m.txt (Tasmania only, approx 250 m

Soil Data

resolution)
• Soil.aus 3- minute grid (approx 5 km resolution)

Meteorology

•

From 31/12/2003 to 31/12/2004. This is the latest year
that I have meteorological input files for.

Note that the first day (31/12/2003) was used as a “spin- up
day” to initialise the model. Results from this day were not
used for output purposes.
Grid Centre Co-ordinates

• Latitude and Longitude

− Lat 40° 3’ S (horizontal datum = GDA94)
− Long 144° 3.5’ E (horizontal datum = GDA94)
• Equivalent Easting and Northing
− 248954 mE (AMG co-ords, horiz datum = AGD66)
− 5562363 mN (AMG co-ords, horiz datum = AGD66)
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Pollution
Grid

Meteorological Grid
Parameters

Meteorological and Dispersion Modelling forKing Island Scheelite Ltd

Number of grid points
Outer grid resolution (m)
Grid 2 resolution (m)
Grid 3 resolution (m)
Grid 4 resolution (m)
Grid 5 resolution (m)
Number of vertical levels
[levels in italics not
included in output files]

Columns
Rows
Grid Prefix
25
30
30,000
30,000
KingIs_30k
10,000
10,000
KingIs_10k
3,000
3,000
KingIs_3k
1,000
1,000
KingIs_1k
300
300
KingIs_300m
25 (10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 750,
1000, 1250, 1500, 1750, 2000, 2500, 3000, 3500, 4000,
5000, 6000, 7000, 8000)
Columns
23
150
248054 mE

Number of grid points
Grid resolution (m)
Location of SW corner
Pollution Mode

Source Characterisation
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Rows
23
150
5561313 mN

•

Single tracer mode using “unit” emissions

•

Dispersion modelling performed as a separate model run
using conserved meteorological (m3d) files from the
previous model run.
• Non-nested (ie offset) model grid was used to
minimise grid points over water.
• This required all pollution calculations to be
performed in Lagrangian Particle Mode only (ie no
Eulerian Grid Mode)
Four Caterpillar 3516B Power Packages
Building wake effects modelled for the four power
packages centred on 249800 mE; 5562300 mN:
• Generator Length 13.44 m
• Generator Width 4.65 m
• Generator Height 3.43 m
• Gap Between Generators 5 m
Stack Architecture:
• Stub Stack Height 5.11 m
• Stack Protrusion 1.68 m
• Stack Radius 0.16 m (taken from Cummins KTA50G3 industrial diesel engines)
Stack Locations:
• Generator 1: 249807 mE; 5562314 mN
• Generator 2: 249807 mE; 5562305 mN
• Generator 3: 249807 mE; 5562295 mN
• Generator 4: 249807 mE; 5562286 mN

•
•

•

•
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• In-Stack Conditions:
• Buoyancy Enhancement Factor = 41/3 = 1.59
• Exit Velocity = 15 m/s
• Exit Temperature = 773 K
• Assumed constant emissions of 25 g/s/stack (100 g/s
in total). Results must therefore be scaled according
to the relevant emission factors.
• Diesel Engine Emission Factors:
• NOx: 17.13 g/s (multiply results by 0.1713)
• SO2: 0.029 g/s (multiply results by 0.00029)
• PM10: 0.50 g/s (multiply results by 0.005)
• Natural Gas Engine Emission Factors:
• NOx: 5.67 g/s (multiply results by 0.0567)
• SO2: 0.0028 g/s (multiply results by 0.000028)
Model Options
30 km Grid

Apart from the above, default model options were used.
10 km Grid
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3 km Grid

1 km Grid

300 m Grid

150 m Pollution Grid
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RESULTS
Meteorology
Figure 1 provides a wind rose summarising the entire year’s data for the grid point closest
to Grassy (248850 mE, 5562500 mN AMG). This data is presented in tabular form in
Table 1. Figures 2 to 5 (and Tables 2 to 5) provide wind roses (and tabular data) for the
summer, autumn, winter and spring seasons respectively.
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Figure 1

2004 Wind Rose for Grassy, Derived from Modelled Wind Data.

Table 1
Total
Data
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2004 Wind Rose Statistics for Grassy, Derived from Modelled Wind Data
8784

Calms
(%)

0.11

Max Speed
(m/s)

15.2

Total
(%)
4.68
3.55
3.32
2.24
2.38
1.90
2.31
3.34
6.55
7.83
9.87
13.83
14.94
10.12
7.01
6.01
99.89

Wind Speed Classes (m/s)
Direction
Classes
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
Total (%)

0.5 to 2

2 to 4

4 to 6

6 to 8

8 to 10

> 10

0.18
0.31
0.34
0.33
0.50
0.43
0.39
0.22
0.27
0.20
0.16
0.15
0.23
0.23
0.14
0.17
4.25

0.69
0.89
0.81
1.06
1.02
0.87
1.10
1.76
1.65
1.53
2.13
2.08
1.94
1.57
0.74
0.77
20.62

1.88
1.61
1.42
0.66
0.35
0.28
0.63
0.99
2.32
2.16
3.02
4.77
4.68
3.19
2.08
2.32
32.37

1.21
0.67
0.67
0.14
0.28
0.17
0.19
0.14
1.17
2.35
2.83
3.03
3.36
2.08
1.42
1.43
21.15

0.57
0.08
0.08
0.06
0.22
0.15
0.00
0.11
0.40
1.00
0.96
2.58
3.24
1.95
1.37
0.66
13.42

0.15
0.00
0.00
0.00
0.00
0.00
0.00
0.11
0.73
0.59
0.77
1.22
1.49
1.10
1.26
0.65
8.08

Mean
(m/s)
5.8
4.7
4.7
3.8
4.1
3.7
3.5
4.2
5.9
6.1
6.0
6.4
6.7
6.5
7.1
6.2
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2004 Summer Wind Rose for Grassy, Derived from Modelled Wind Data.

Table 2

2004 Summer Wind Rose Statistics for Grassy, Derived from Modelled Wind Data

Total
Data

2184

Calms
(%)

Direction
Classes
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
Total (%)

0.5 to 2

2 to 4

0.05
0.23
0.46
0.23
0.60
0.73
0.73
0.18
0.32
0.23
0.23
0.23
0.27
0.32
0.18
0.09
5.08

0.37
0.60
0.60
2.15
1.83
1.60
1.33
2.98
2.29
3.21
3.53
2.88
2.06
1.24
0.64
0.09
27.38

0.27

Wind Speed Classes (m/s)
4 to 6
6 to 8
0.73
1.79
2.01
1.60
0.96
0.92
1.14
1.24
2.84
3.30
4.99
4.62
3.94
1.69
0.60
0.64
33.01

0.60
0.32
0.60
0.00
1.05
0.55
0.05
0.18
0.60
2.24
5.17
3.39
2.88
1.88
0.18
0.18
19.87

Max Speed
(m/s)

13.1

8 to 10

> 10

0.14
0.00
0.00
0.00
0.87
0.60
0.00
0.00
0.00
1.97
2.34
2.29
1.74
1.28
0.46
0.18
11.86

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.55
0.78
0.82
0.27
0.09
0.00
0.00
2.52

Total
(%)
1.88
2.93
3.66
3.98
5.31
4.40
3.25
4.58
6.04
11.49
17.03
14.24
11.17
6.50
2.06
1.19
99.73

Mean
(m/s)
5.2
4.4
4.6
3.8
5.0
4.3
3.3
3.6
4.3
5.7
6.0
6.0
5.9
6.0
5.0
5.5
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2004 Autumn Wind Rose for Grassy, Derived from Modelled Wind Data.

Table 3

2004 Autumn Wind Rose Statistics for Grassy, Derived from Modelled Wind Data

Total
Data

2208

Calms
(%)

Direction
Classes
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
Total (%)

0.5 to 2

2 to 4

0.54
0.23
0.18
0.23
0.32
0.18
0.32
0.36
0.32
0.27
0.23
0.23
0.41
0.27
0.23
0.36
4.66

0.91
1.09
0.45
1.04
0.86
0.50
1.59
1.86
2.36
1.95
2.94
1.99
1.63
1.27
0.45
0.82
21.69

0.09

Wind Speed Classes (m/s)
4 to 6
6 to 8
2.54
2.17
1.22
0.27
0.00
0.18
1.18
2.22
3.99
2.81
3.08
4.66
6.02
1.68
1.45
2.63
36.10

1.59
0.63
0.14
0.18
0.09
0.14
0.72
0.27
0.77
2.99
2.72
2.76
3.26
1.68
1.63
1.22
20.79

Max Speed
(m/s)

15.2

8 to 10

> 10

0.59
0.00
0.32
0.23
0.00
0.00
0.00
0.00
0.41
0.86
0.41
2.54
2.72
1.04
0.63
0.50
10.24

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.49
0.09
0.59
1.22
0.86
1.04
0.86
0.27
6.43

Total
(%)
6.16
4.12
2.31
1.95
1.27
1.00
3.80
4.71
9.33
8.97
9.96
13.41
14.90
6.97
5.25
5.80
99.91

Mean
(m/s)
5.2
4.7
5.0
4.1
3.1
3.5
4.2
4.1
6.1
5.6
5.5
6.4
6.2
6.6
7.0
5.6
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2004 Winter Wind Rose for Grassy, Derived from Modelled Wind Data.

Table 4

2004 Winter Wind Rose Statistics for Grassy, Derived from Modelled Wind Data

Total
Data

2208

Calms
(%)

Direction
Classes
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
Total (%)

0.5 to 2

2 to 4

0.05
0.18
0.45
0.50
0.63
0.23
0.00
0.09
0.27
0.23
0.14
0.05
0.14
0.27
0.14
0.18
3.53

0.77
0.59
0.50
0.27
0.27
0.00
0.05
0.23
0.18
0.09
1.09
1.68
1.63
2.08
1.13
1.00
11.55

0.05

Wind Speed Classes (m/s)
4 to 6
6 to 8
2.36
0.36
0.77
0.05
0.00
0.05
0.09
0.23
0.68
0.54
1.81
4.89
3.44
4.26
3.62
4.30
27.45

2.13
0.68
0.77
0.00
0.00
0.00
0.00
0.09
1.04
0.86
1.49
2.04
2.54
2.40
2.54
3.49
20.06

Max Speed
(m/s)

14.1

8 to 10

> 10

1.36
0.23
0.00
0.00
0.00
0.00
0.00
0.45
1.04
0.27
0.32
3.44
3.13
3.03
3.58
1.77
18.61

0.45
0.00
0.00
0.00
0.00
0.00
0.00
0.45
1.40
0.45
1.72
2.08
3.67
2.85
3.71
1.95
18.75

Total
(%)
7.11
2.04
2.49
0.82
0.91
0.27
0.14
1.54
4.62
2.45
6.57
14.18
14.54
14.90
14.72
12.68
99.95

Mean
(m/s)
6.7
5.4
4.5
2.0
1.8
1.6
3.8
7.5
8.2
6.9
7.1
6.9
7.7
7.0
7.9
6.9
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2004 Spring Wind Rose for Grassy, Derived from Modelled Wind Data.

Table 5

2004 Spring Wind Rose Statistics for Grassy, Derived from Modelled Wind Data

Total
Data

2184

Calms
(%)

Direction
Classes
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
Total (%)

0.5 to 2

2 to 4

0.09
0.60
0.27
0.37
0.46
0.60
0.50
0.23
0.18
0.09
0.05
0.09
0.09
0.05
0.00
0.05
3.71

0.73
1.28
1.69
0.78
1.14
1.37
1.47
2.01
1.79
0.87
0.96
1.79
2.43
1.69
0.73
1.19
21.93

0.05

Wind Speed Classes (m/s)
4 to 6
6 to 8
1.88
2.11
1.69
0.73
0.46
0.00
0.09
0.27
1.79
2.01
2.20
4.90
5.31
5.13
2.66
1.69
32.92

0.50
1.05
1.19
0.37
0.00
0.00
0.00
0.00
2.29
3.30
1.97
3.94
4.76
2.38
1.33
0.82
23.90

Max Speed
(m/s)

14.1

8 to 10

> 10

0.18
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.92
0.78
2.06
5.40
2.43
0.78
0.18
12.96

0.14
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.28
0.00
0.73
1.14
0.41
0.46
0.37
4.53

Total
(%)
3.53
5.13
4.85
2.24
2.06
1.97
2.06
2.52
6.18
8.47
5.95
13.51
19.14
12.09
5.95
4.30
99.95

Mean
(m/s)
5.1
4.5
4.7
4.1
3.2
2.6
2.4
3.3
5.3
7.1
6.0
6.4
6.8
6.2
6.2
5.4
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Dispersion from Diesel Powered Generators
Figure 6 shows the predicted maximum daily- mean PM10 concentrations for the diesel
scenario. PM10 concentrations are highest to the east of the generators, reflecting the
predominance of winds with a westerly component. The maximum concentration of 161
µg/m3 exceeds the Air EPP Design Criterion of 150 µg/m3 (by 7 %), however it is
contained within a small region inside the premises’ boundaries. The Air NEPM Standard
of 50 µg/m3 , which does not strictly apply in this circumstance, is exceeded within the
shaded area bounded by the outer red isopleth. Peak concentrations are predicted to be
less than 10 µg/m3 in the Grassy region.

Figure 6

Maximum daily-mean PM 10 concentration for diesel engine generators (µg/m3 ). The
minimum predicted PM 10 concentration is 1 µg/m3 , whilst the maximum is 161 µg/m3 .
The Air NEPM Standard for PM 10 is 50 µg/m3 . The Air EPP Design Criterion for PM 10 is
150 µg/m3 . The standard and criterion levels are highlighted in red, and both apply only
beyond the boundary of the industrial premises in question. The blue dots show the
location of the four generator stacks.
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Figure 7 presents the ninth highest (99.9th percentile) hourly- mean NO2 concentration for
the diesel scenario, assuming a conservative 10:90 ratio of NO2 :NOx . The maximum
predicted concentration is 649 µg/m3 , which exceeds both the Air NEPM Standard of 246
µg/m3 (by a factor of 2.6) and the Air EPP Design Criterion of 328 µg/m3 (by a factor of
2.0). The exceedence areas are either contained within the premises boundaries, or extend
southeastwards into Grassy Bay. Peak concentrations are predicted to be less than 100
µg/m3 in the Grassy region.

Figure 7

Ninth highest (99.9th percentile) hourly-mean NO2 concentration for diesel engine
generators (µg/m3 ), assuming a 10:90 ratio of NO2 :NOx. The minimum predicted NO2
concentration is 9 µg/m3 , whilst the maximum is 649 µg/m3 . The Air NEPM Standard for
NO2 is 246 µg/m3 . The Air EPP Design Criterion for NO2 is 328 µg/m3 . The standard
and criterion levels are highlighted in red, and both apply only beyond the boundary of the
industrial premises in question. The blue dots show the location of the four generator
stacks.
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Figure 8 presents the ninth highest (99.9th percentile) hourly- mean SO2 concentration for
the diesel scenario. The maximum predicted concentration is only 11 µg/m3 , which is
approximately 2 % of the Air NEPM Standard and the Air EPP Design Criterion (572
µg/m3 ).

Figure 8

Ninth highest (99.9th percentile) hourly-mean SO2 concentration for diesel engine
generators (µg/m3 ). The minimum predicted SO2 concentration is 0 µg/m3 , whilst the
maximum is 11 µg/m3 . Both the Air NEPM Standard and Air EPP Design Criterion for
SO2 are 572 µg/m3 . These apply beyond the boundary of the industrial premises in
question. The blue dots show the location of the four generator stacks.
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Dispersion from Gas Fired Generators
Figure 9 shows the ninth highest (99.9th percentile) hourly- mean NO2 concentration for
the gas- firing scenario, once again assuming a conservative 10:90 ratio of NO2 :NOx . The
maximum predicted concentration is 215 µg/m3 , which meets both the Air NEPM
Standard of 246 µg/m3 (87 % of the standard) and the Air EPP Design Criterion of 328
µg/m3 (66 % of the design criterion).

Figure 9

Ninth highest (99.9th percentile) hourly-mean NO2 concentration for gas-fired generators
(µg/m3 ), assuming a 10:90 ratio of NO2 :NOx . The minimum predicted NO2 concentration
is 3 µg/m3 , whilst the maximum is 215 µg/m3 . The Air NEPM Standard for NO2 is 246
µg/m3 . The Air EPP Design Criterion for NO2 is 328 µg/m3 . The standard and criterion
both apply beyond the boundary of the industrial premises in question. The blue dots
show the location of the four generator stacks.
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Figure 10 presents the ninth highest (99.9th percentile) hourly- mean SO2 concentration
for the gas-firing scenario. The maximum predicted concentration is only 1 µg/m3 , which
is approximately 0.2 % of the Air NEPM Standard and the Air EPP Design Criterion (572
µg/m3 ).

Figure 10

Ninth highest (99.9th percentile) hourly-mean SO2 concentration for gas-fired generators
(µg/m3 ). The minimum predicted SO2 concentration is 0 µg/m3 , whilst the maximum is 1
µg/m3 . Both the Air NEPM Standard and Air EPP Design Criterion for SO2 are 572
µg/m3 . These apply beyond the boundary of the industrial premises in question. The blue
dots show the location of the four generator stacks.
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DISCUSSION AND CONCLUSIONS
This modelling is very conservative in nature, being based on continuous emissions using
emission factors derived for 15- minute maximum demand periods. These were calculated
(by SEMF) on the basis of 3 engines running at close to full load. Clearly it is
unreasonable to expect maximum demand figures to apply for an entire year, and actual
peak ground level concentrations are therefore expected to be lower than those presented
within this report.
Despite this, modelling suggests that elevated emissions can occur, and are likely to be
situated in the near vicinity of the generators. This is most- likely because the plume from
the short stub stacks, which only protrude 1.68 m above the enclosures, are entrained
within the wakes of the enclosures themselves.
Ground level concentrations in the near field would be significantly reduced if emissions
were released above the enclosure wakes. This would occur if a longer stack, of say 10
m, was fitted to each generator. Precise effects could be determined by further modelling
if required. From an environmental point of view the fitting of lo nger stacks is probably
not necessary, however it may be justified on occupational health and safety grounds for
the workers within the mine boundaries.
Concentrations are well within limits in the Grassy region.

Dr Michael Power
SENIOR SCIENTIFIC OFFI CER (AIR/NOISE)
05 April 2006
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APPENDIX H: Greenbushes Mine Surveys and Articles Demonstrating
Integration in the Local Community (Sons of Gwalia Ltd)

May 2006

Greenbushes Operations Assorted Public Relations Documents
Compiled by Sons of Gwalia Ltd

Table of Contents
Community Survey Questionnaire 2000
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Sons of Gwalia Ltd Greenbushes Operations
Community Survey 2000 Questionnaire - Page 1

Sons of Gwalia Greenbushes Operations conducted its first
Community Survey in 2000 and the survey was repeated again in
2003.

Sons of Gwalia Ltd Greenbushes Operations
Community Survey 2000 Questionnaire - Page 2

Sons of Gwalia Ltd Greenbushes Operations
Community Survey 2000 Questionnaire - Page 3

Sons of Gwalia Ltd Greenbushes Operations
Community Survey 2000 Questionnaire - Page 4

Sons of Gwalia Greenbushes PR Projects - Donnybrook Bridgetown Mail Newspaper

Sons of Gwalia Greenbushes PR Projects - Manjimup Bridgetown Times Newspaper

Sons of Gwalia Greenbushes PR Projects - Greenbushes Page in Donnybrook Mail Newspaper

Sons of Gwalia Greenbushes PR Projects - Donnybrook Bridgetown Mail Newspaper

Sons of Gwalia Greenbushes PR Projects

Sons of Gwalia Greenbushes PR Projects- Manjimup Times Newspaper

Sons of Gwalia Greenbushes PR Projects - Donnybrook Bridgetown Mail Newspaper

Sons of Gwalia Greenbushes PR Projects - Manjimup Bridgetown Times Newspaper

Sons of Gwalia Greenbushes PR Projects - Greenbushes School Newsletter

Sons of Gwalia Greenbushes PR Projects- Donnybrook Bridgetown Mail Newspaper

Sons of Gwalia Greenbushes PR Projects - Greenbushes Balingup Community Newsletter
(Also contribute a column each month called “Mine News” from the Manager)

Sons of Gwalia Greenbushes PR Projects - Manjimup Bridgetown Times Newspaper

SONS OF GWALIA LTD (Subject to Deed of Company Arrangement)
GREENBUSHES MINE BULLETIN – September 2005
Corporate
•
•

•

New CEO David Quinlivan visited site. David is taking over when incumbent Luke Tonkin
takes up an appointment with Mt Gibson Iron
The first stage of the shareholders test case legal proceedings was decided with a
decision that shareholders who could demonstrate that they were misled or deceived
when purchasing shares had an equal ranking for payment as ordinary unsecured
creditors
The arbitration with Cabot has been taking place in London. A favourable outcome to this
process will improve the profitability of the company. Results of this process are due in the
next few months

Safety
•

•

There was one Lost Time Injury during
the period relating to a jarred neck (and
cut forehead) and one Medically treated
injury to a cut finger. There were 10
minor injuries.
Total Recordable Injury Frequency Rate
(TRIFR) rose to 37 and the Lost Time
Injury Frequency Rate rose to 11.7.
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TRIFR includes all Medical Treatment Injuries (MTIs), Alternate Duty Injuries (ADIs) and Lost
Time Injuries (LTIs)

Environment
•
•
•
•

Cowan Brook is now 100% full.
The site Annual Environmental Review was submitted to DOE, DOIR and CALM. The
National Pollutant Inventory information for the year was also compiled for DOE
Approval was received from DOIR on the construction of the new tailings cell at 3Cs along
Maranup Ford Rd.
The option of treating the roaster fume in NSW is still being reviewed whilst design work
for a treatment plant on site continues.

Operations
•
•

Construction has commenced for the additional low grade Lithium product that will utilise
the HMS section of the Lithium Plant more regularly.
A third SC 4.0 product shipment is due to commence with additional trucks carting product
to Bunbury round the clock over a 10 day period. A circular was distributed around town
advising of this trucking.

Community
•
•
•

Preparations for the site Open Day are well advanced with good numbers expected.
Students from Newton Moore Senior High school visited the site.
There was an estimated 814 visitors to the lookout.

SONS OF GWALIA LTD (Subject to Deed of Company Arrangement)
GREENBUSHES MINE BULLETIN – October 2005
Corporate
•
•

The Cabot arbitration process has continued with the arbitrator due to deliver his findings
in the next couple of months.
Following a review by the major creditors, it appears more likely that the company will
retain its own identity, rather than be sold.

Safety
•

•

•

There was one Lost Time Injury during
the period relating to a broken bone in
the leg of a fitter. There were also 11
minor injuries.
Total Recordable Injury Frequency Rate
(TRIFR) fell to 31 and the Lost Time
Injury Frequency Rate fell to 11.3.
The EHS Management System audit
was held with the site scoring 72%
compared to 60% last year.
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TRIFR includes all Medical Treatment Injuries (MTIs), Alternate Duty Injuries (ADIs) and Lost
Time Injuries (LTIs)

Environment
•

•
•
•

The government regulators are due on site early in November to review site compliance
with our Department of Environment licence and Department of Industry and Resources
tenement conditions.
Work has commenced on the construction of the new tailings cell at 3Cs along Maranup
Ford Rd.
The option of treating the roaster fume in NSW is still being reviewed whilst design work
for a treatment plant on site continues
The 24 hr trucking campaign for the 3rd SC4.0 run was completed. There are currently no
further plans for trucking at night.

Operations
•
•
•
•

The Open Cut mining contract tenders are being reviewed with Roche, as incumbent, one
of the main candidates.
The underground operations achieved 300 days LTI free since recommencing in January.
The construction of plant for the additional low grade Lithium product is progressing to
plan and will commence operation early in November.
Tantalum production remains close to plan with all tantalum shipments being met.

Community
•

•
•

The site Open Day was a resounding success with approximately 170 people attending.
There was great support from the Discovery Centre volunteers and many staff members
assisted in making everything run smoothly.
The company will have a display at the Bunbury Port Open Day on November 20th from 10
am to 3 pm.
There was an estimated 820 visitors to the lookout.

