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5. Stakeholder co

Community and stakeholder cons
Submissions from agencies and 
issues that have been addressed
opportunity to identify stakeholde
Expansion Proposal. 

Consultation specifically for this E

5.1 Identification of s

Key stakeholders were identified 
stakeholder liaison regarding Nam

Government Agencies 

• Office of the Environme

• Department of Environm

• Department of Water (D

• Department of State De

• Department of Mines an

• Department of Indigeno

• Department of Regional

• Pastoral Lands Board 

• Department of Health (D

• Shire of Ashburton 

• Department of Agricultu

Community 

• Eastern Guruma people

• Puutu Kunti Kurrama & 

• Kuruma Marthudunera p

• Mt Stuart Pastoral Statio

5.2 Form and timing 

Consultation for the Expansion P
key stakeholders and occurred p
meetings were held with both gov
OEPA and DMP were conducted

Rio Tinto has an Indigenous Land
included this group in ongoing co
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onsultation 

sultation for mining at Nammuldi-Silvergrass has occur
non-government organisations on the CER were used 

d in the preparation of this PER.  These submissions pr
er issues and enabled a more focussed consultation pro

Expansion Proposal commenced in August 2009. 

stakeholders 

through Rio Tinto’s ongoing activities in the region and
mmuldi-Silvergrass: 

ntal Protection Authority (OEPA) 

ment and Conservation (DEC) 

DoW) 

velopment (DSD) 

nd Petroleum (DMP) 

us Affairs (DIA) 

 Development and Lands (RDL) 

DoH) 

re and Food (DAF). 

e 

Pinikura people 

people 

on. 

of consultation undertaken 

Proposal comprised meetings, telephone conversations
rior to the submission of the PER (Table 14).  Regular 
vernment agencies and Traditional Owner groups.  Site

d in October 2010, Eastern Guruma in May 2011 and D

d Use Agreement (ILUA) with the Eastern Guruma gro
onsultation. 

 

rgrass Expansion Project 

rred since 1998.  
to identify relevant 

rovided an 
ogram for the 

d long-term 

s and site visits with 
scheduled 
e visits with the 

DoW in August 2011.   

oup and has 
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Table 14 Stakeholder consultati

Date Department / 
Organisation 

Apr 1998 - 
ongoing at Jan 
2012 

Eastern Guruma  

Nov 2006 – 
May 2008 

Puutu Kunti 
Kurrama & 
Pinikura 

Aug 2009 – 
Nov 2010 

DSD 

Aug 2009 – 
Nov 2010 

DMP 

Nov 2008 Eastern Guruma 

May 2009 Eastern Guruma 

Dec 2009 Eastern Guruma 

Quarterly 2010 Eastern Guruma 

Mar 2010 Mt Stuart 
Pastoral Station 

Apr 2010 Puutu Kunti 
Kurrama & 
Pinikura 

Late 2010 DEC, DoW, DMP 

Aug 2010 OEPA 

Sep 2010 DEC Ecological 
Management 
Branch (EMB), 
DEC Science 
Division and DEC 
Nature 
Conservation 
Branch (NCB) 

Sep 2010 DoW Pilbara, 
DEC Industrial 
Assessment 
Branch (Pilbara) 

Oct 2010 OEPA and DMP 

Nov 2010 Eastern Guruma 
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ion undertaken for the Expansion Proposal to date 

Type Purpose 

Aboriginal Heritage Surveys Recording and as
archaeological an
sites. 

Aboriginal Heritage Surveys Recording and as
archaeological an
sites. 

Monthly meetings Part IV approvals
surveys, dewater
heritage impacts.

Monthly meetings Progressing clear
Applications for te

Indigenous land Use Agreement 
Monitoring & Liaison Quarterly 
Meeting 

Overview of prop

Indigenous land Use Agreement 
Monitoring & Liaison Quarterly 
Meeting 

Project update 

Indigenous land Use Agreement 
Monitoring & Liaison Quarterly 
Meeting 

Planned surveys,
surplus water ma
Tinto Indigenous 
Training and Ente

Indigenous land Use Agreement 
Monitoring & Liaison Quarterly 
Meeting 

Project update 

Email correspondence Contact to arrang
on Mt Stuart Stat

Puutu Kunti Kurrama & Pinikura Local 
Implementation Committee 

BS4 Mine and Na
including propose
pipeline from Nam

- Provision of refer
document. 

Meeting Overview of prop
key environmenta
of level of assess

Meeting Overview of exist
operations, outlin

Meeting Overview of proje
concerns and PE
explanation of wa
and surplus wate
options. 

Site visit Site visit to view B
Silvergrass area, 
layout and orebod
dewatering and s
management. 

Meeting Discussion of forw
involvement of th
group in the prop
process. 

rgrass Expansion Project 

ssessment of 
nd ethnographic 

ssessment of 
nd ethnographic 

s, Tenure, Heritage 
ring, potential 
. 

rances for leases, 
enure. 

posed expansion 

, dewatering and 
anagement, and Rio 

Employment, 
erprise programs. 

ge creekline surveys 
ion 

ammuldi BWT, 
ed water supply 
mmuldi BWT to BS4 

rral supporting 

posal, discussion of 
al factors, discussion 
sment. 

ting approvals and 
ne of key issues. 

ect, discussion of 
ER requirements, 
ater volume changes 
r management 

B2, Nammuldi and 
described proposal, 

dy details of 
surplus water 

ward planning for the 
e Eastern Guruma 

posed dewatering 
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Date Department / 
Organisation 

Nov 2010 DEC EMB, DEC 
NCB 

Mar 2011 DEC EMB, 
Science Division 

Mar 2011 Pastoral Lands 
Board 

Mar 2011 OEPA 

Mar 2011 DEC NCB 

Mar 2011 DoW 

Mar 2011 Shire of 
Ashburton 

Mar, Apr and 
Nov 2011 

Mt Stuart 
Pastoral Station 

Apr 2011 OEPA 

May 2011 DoW 

May 2011 Eastern Guruma 

May 2011 Mt Stuart 
Pastoral Station 

May/June 
2011 

Eastern Guruma 

Puutu Kunti 
Kurrama & 
Pinikura 
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Type Purpose 

Quarterly update meeting Discussion of tim
optimisation, acco
strategy, dewater
water manageme
supply. 

Meeting Discussion of sur
with detailed expl
proposed irrigate
Results presente
modelling for Cav
Boolgeeda Creek
Update on fauna 
Biota studies. 

Phone calls Discussion of pro
geotechnical inve
irrigated agricultu

Comments regarding first ESD draft Changes to docu
figures were sugg
Discussion of furt
requirements. 

Meeting Discussion of sur
management stra
requirements. 
Outlined the deta
agriculture includ
management and

Meeting Discussion of sur
management stra
reinjection and in
the groundwater 

Meeting Overview and sta
Proposal 

Email/letter correspondence 
Phone call 

Contact to arrang
on Mt Stuart Stat

Comments regarding ESD Changes required
irrigated agricultu

Meeting Discussion of cur
hydrogeological m
overview of surpl
management stra

Site visit Search for Aborig
Yantinha, possibl
Discussion of dew
discharge to Duc
Irrigated Agricultu
DVD outlining the
provided to allow 
of the Eastern Gu
informed. 

Information sent 
(meeting was organized however 
organisation did not attend). 

Overview of Expa
Dewatering and s
discharge, includ
quality monitoring
and access to Mt
monitoring. 
Irrigated agricultu

Provided with DVD Nammuldi Silverg
consultation DVD

rgrass Expansion Project 

elines, layout 
ommodation 
ring and surplus 
ent and BS4 water 

rplus water strategy, 
lanation of the 
d agriculture.   
d for discharge 
ves, Duck and 
ks. 
issues and results of 

oposed program of 
estigations for 
ure. 

ment structure and 
gested. 
ther consultation 

rplus water 
ategy, dewatering 

ails of irrigated 
ing weed 

d closure planning. 

rplus water 
ategy, previous 
filtration trials and 
section of the ESD. 

atus of Expansion 

ge creekline surveys 
ion 

d with regards to 
ure 

rrent status of 
modelling and an 
us water 
ategy. 

ginal Heritage site 
le location identified.  
watering, water 
k Creek and the 
ure Area. 
e proposal was 
a greater proportion 

uruma Group to be 

ansion Proposal. 
surplus water 
ing surface water 
g, biological surveys 
t Stuart station for 

ure. 

grass stakeholder 
D April 2011 
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Date Department / 
Organisation 

Kuruma 
Marthudunera 

OEPA 

DMP 

August 2011 DoW 

October 2011 DMP 

5.3 Stakeholder comm

The key issues raised by stakeho

• Aboriginal heritage sites

• surface water and groun

• creeklines and riparian v

• vegetation and flora and
faunal linkages) 

• effects of dust on cracki

• AMD 

• health related to water s

Rio Tinto has responded to the is
(Table 15).   

Table 15 Key topics raised durin

Stakeholder Topics raised 

Government agencies 

OEPA Request further info
metals such as sele

Prefer AMD testing 
material requires a 
details of regional c

Request that consu
Government and De

DMP Discussion of need 
Agriculture Area.  R
considered carefully
developed. 
Also discussion of p
water to spread wee

DoW Require life of mine
whether mine can b
balance. 
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Type Purpose 

Site visit Inspection of Pro
Rio Tinto hydroge

Meeting Closure planning 
characterisation 

ments and responses of proponent 

olders related to potential impacts on: 

s – particularly Palm Springs  

ndwater quality and quantity 

vegetation 

d fauna (including subterranean fauna and short-range 

ng clays at TEC 

supply and use, and wastewater treatment. 

ssues raised by stakeholders and these issues are add

ng stakeholder consultation 

Proponent respon

ormation on non-acid mobilisation of 
enium and cadmium. 

The potential for m
such as selenium 
discussed in Secti

to be conducted up front. Asbestiform 
management plan.  Request for further 

context of AMD investigations. 

Results from testin
discussed in Secti
Fibrous Material M
included in Appen

ultation be expanded to include Local 
epartment of Indigenous Affairs. 

Consultation unde
shown in Table 14

for weed management for the Irrigated 
Requests that crop species be 
y and a weed management program 

potential for the discharge of surplus 
eds along the creek system. 

A description of th
agriculture project
Section 3.3.11. 
Weed manageme
Agriculture Area is
AEMP (Appendix 3
Riparian vegetatio
communities prese
Section 9.2.4. 

e water balance in PER.  Queries 
be rescheduled to neutralise the water 

A description of th
the life of mine can
Section 3.3.11. 
Information on opt
scheduling of mini
discussed in Secti

rgrass Expansion Project 

posal Boundary with 
eological team 

and waste 

endemics and 

dressed in this PER 

se 

mobilisation of metals 
and cadmium is 
ion 12.2.1.   

ng for AMD are 
ion 12.2.1. 

Management Plan 
dix 3. 

ertaken to date is 
4. 

he irrigated 
t is discussed in 

nt for the Irrigated 
s addressed in the 
3). 

on and weed 
ent are discussed in 

he water balance for 
n be found in 

tions relating to the 
ing and dewatering is 
ion 4.6. 
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Stakeholder Topics raised 

Need to define clea
management of sur
selection or dismiss

Discharge to irrigate
to creeks.  Where d
discharge points are

Require details of ti
short term. 

Requested options 
surplus water.   

Queried whether th
Dampier/Cape Lam
to come from Namm

Supports outcome-
of a volume rather t
mining to an RL” wh
an absolute:  DoW 
Ministerial Stateme
ML/d. 

Requires that drawd
of dewatering to cla
modelled. 

Queries regarding r
reinjection aquifer –
Formation. 

Discussion on the p
increasing discharg

Queries regarding t
discharge and the t
state.  Require furth
discharge. 

Preference for the u
single discharge loc
creek. 

Request for further 
– predicted outcom
rain or market crash
effectively handled 

Queries regarding t
Area to be dedicate
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Proponent respon

arly the options considered for 
rplus water and to provide reasons for 
sal. 

Alternatives consid
water managemen
Section 4.2. 

ed agriculture preferred over discharge 
discharged to creeks occurs, multiple 
e preferred. 

The discharge of s
irrigated agricultur
discussed in Secti
Alternatives consid
water managemen
Section 4.2. 

imescale of impacts – permanent or The recovery of gr
described in Secti
The impact of surp
on downstream wa
aquatic fauna is di
Section 8.4.2.  The
impacts to surplus
addressed in Tab

for recharge and recirculation of The consideration
recharge of surplu
in Section 4.2. 

e water balance used for 
mbert took into account the tonnes of ore 
muldi-Silvergrass 

This was taken int

based conditions but prefers selection 
than the concept of “dewater to allow 
here the volume is predicted rather than 
recognises that the volumes in the 
nt should be GL/annum rather than 

Noted.  Dewaterin
addressed in Sect

down be measured on commencement 
arify that the aquifer is performing as 

Monitoring of grou
ongoing as describ
Groundwater Man
Appendix 3. 

reinjection drilling and selection of 
– potential to reinject into the Wittenoom 

The consideration
recharge of surplu
in Section 4.2. 

possibility of reducing the pivot area and 
ge 

The rationale for th
Irrigated Agricultur
in Section 3.3.11. 

the state of Duck Creek following 
ime taken to return to pre-discharge 

her details on implications of periodic 

The impact of disc
Creek on water qu
fauna is discussed
The timescale imp
water discharge a
Table 25.  The im
riparian vegetation
Section 9.4.4. 

use of multiple discharge points over a 
cation to facilitate the drying of the 

Surplus water disc
Creek is discussed

details on the Irrigated Agriculture Area 
e if a shock event occurs (e.g. heavy 
h).  Can a third party manager be 
by Rio Tinto? 

A description of th
agriculture project
Section 3.3.11. 
Additional informa
be found in the AE
There will be no th

the potential for the Irrigated Agriculture 
ed to the production of biodiesel. 

As description of t
agriculture project
Section 3.3.11. 
Additional informa
be found in the AE

rgrass Expansion Project 

se 

dered for surplus 
nt are discussed in 

surplus water to 
re and to creeks is 
ion 8.4.2.  
dered for surplus 
nt are discussed in 

roundwater levels is 
on 14.3.3. 
plus water discharge 
ater quality and 
iscussed in 
e timescale of 

s water discharge are 
le 25. 

 of the option to 
us water is discussed 

to consideration. 

g volumes are 
tion 3.3.10. 

undwater level will be 
bed in the 
agement Plan in 

 of the option to 
us water is discussed 

he size of the 
re Area is discussed 

charge to Duck 
uality and aquatic 
d in Section 8.4.2.  
pacts of surplus 
re addressed in 

mpact of discharge to 
n is discussed in 

charge to Duck 
d in Section 8.4.2. 

he irrigated 
t can be found in 

ation on the IAA can 
EMP Appendix 3. 
hird party manager. 

the irrigated 
t can be found in 

ation on the IAA can 
EMP Appendix 3. 
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Stakeholder Topics raised 

Indication that an ad
the sourcing of wate
mine to meet any p
area post-mining (fo

Discussion of licens
for non-mining purp

Request that PER i
approach between 
latest models. 

Request that PER c
of hydrogeological d
potential impacts of

Suggestion to includ
bedded material in 
hydrogeological inv
be done. 

DEC Effects of dust on T
Mamba dust would 
change the nature a
that form the TEC a

The protection of th
Caves Creek. 

Queries regarding t
bats.  

Request for dischar
impact. 

Concerns about the
from discharge and
depression from de
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Proponent respon

dditional licence would be required for 
er from Nammuldi beyond the life of 
otential ongoing water demand in the 
or example BS4 supply). 

Noted.  As describ
abstraction will be
with licence condit

sing complications regarding water use 
poses. 

Resolution is ongo

ncludes a discussion of changes in 
original groundwater modelling and 

The groundwater m
methodology is dis
Section 7.2.3.   

contains information regarding the scale 
dewatering estimates and covers the 
f dewatering. 

Details of the dew
and potential impa
Section 7.4.1. 

de a hydrogeological description of 
the PER even though detailed 

vestigations and modelling remains to 

A conceptual hydr
description of the 
material can be fo

TEC – in particular whether the Marra 
cement when it gets wet and thereby 

and behaviours of the cracking clays 
at Silvergrass. 

Addressed in Sect
study conducted b
Alliances 2010 (de

he environmental and heritage values of The riparian veget
Nammuldi Area is 
Section 9.2.4. 
The stygofauna pr
Creek is discussed
Water quality of C
discussed in Secti
Aquatic fauna pres
are discussed in S
The Aboriginal He
Caves Creek are d
Section 13. 

the management measures for Ghost Potential impacts t
significant species
Table 46.  Manage
addressed in the E

rge point design to minimise local The proposed disc
discussed in Secti
points will be desig
with relevant stand
detail on design is
however, minimisi
one of the key req
design. 

e potential impacts on watercourses 
d riparian vegetation from cone of 
ewatering. 

Riparian vegetatio
Section 9.2.4.   
Impacts of dewate
including riparian v
discussed in Secti
Impacts of dischar
vegetation are dis
Section 9.4.4. 
The timescale imp
water discharge a
Table 25.   
Discharge points w
accordance with re
standards for wate
detail on design is
however minimisin
one of the key req
design. 

rgrass Expansion Project 

se 

bed in Section 7.5, 
 done in accordance 
tions. 

oing via DSD. 

modelling 
scussed in 

watering estimates 
acts are discussed in 

rogeological 
bedded Brockman 
und in Section 7.2.1. 

tion 9.4.6 and by the 
by Environmental 
etails in Section 15.2. 

tation of the Greater 
discussed in 

resent in Caves 
d in Section 11. 
aves Creek is 
ion 8.2.2.  
sent in Caves Creek 

Section 8.2.3. 
eritage values of 
discussed in 

to conservation 
s are summarised in 
ement of fauna is 
EMP (Appendix 3). 

charge modelling is 
ion 8.4.2.  Discharge 
gned in accordance 
dards.  Specific 

s not in the PER, 
ng erosion will be 

quirements for 

on is discussed in 

ering on vegetation 
vegetation are 
ion 9.4.3. 
rge on riparian 
cussed in 

pacts of surplus 
re addressed in 

will be designed in 
elevant Australian 
erways.  Specific 
s not in the PER 
ng erosion will be 
quirements for 
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Stakeholder Topics raised 

Requires investigat
options and the just

Request for weed m

Queries regarding t
Agriculture Area – i
erosion. 

Requirement for a c
used for irrigated ag
activities.  
Closure planning is
Area 

Community 

Eastern 
Guruma 
Native Title 
Holder 

A number of archae
located within the v
area, rock art betwe
Palm Springs. 

The amount of clea
Agriculture Area.   

The type of species
impacts on native fa
Expressed interest 
and/or biodiesel 

Questions regarding
length of time until g
completion. 

Puutu Kunti 
Kurrama & 
Pinikura 

Indicated that multip
within their claim ar

Mt Stuart 
Pastoral 
Station 

The potential for im
station as a result o
Extent of surface w
potential for drowni

5.4 Ongoing consulta

Rio Tinto will continue to consult 
process for the Expansion Propo

Additionally, this PER document 
period, issues raised in written pu
responses to issues raised in the
and refer to Section 1.3 for detail

Nammuldi-Silve
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Proponent respon

ion of a range of water management 
tification of selection or dismissal. 

The surplus water
options considered
Section 4.2. 

management is required for the IAA. Weed manageme
addressed in the A

the downstream impacts of the Irrigated 
n particular the impact of weeds and 

A description of th
agriculture project
Section 3.3.11. 
Weed and erosion
the IAA is address
(Appendix 3). 

commitment to rehabilitate the area 
griculture following the completion of 

 required for the Irrigated Agriculture 

Closure planning a
the IAA is discuss

eological and ethnographic sites are 
vicinity including burials in Silvergrass 
een Nammuldi and Silvergrass and 

The Aboriginal her
Expansion Propos
Section 13. 

aring required for pivots in the Irrigated The clearing requi
discussed in Secti

s to be used and the potential for 
auna. 
in pivots being used for native seed 

Details of the IAA,
crop species are d
Section 3.3.11. 
The full list of spec
IAA has not been 
Eastern Guruma c
considered in the d
process. 

g quantities of dewatering and the 
groundwater rebound following mining 

Groundwater dewa
discussed in 7.4.1
groundwater draw
is discussed in Se
14.3.3. 

ple heritage sites have been recorded 
rea and the Proposal Boundary 

The Aboriginal her
Expansion Propos
Section 13. 

pacts to the watertable at Mt Stuart 
of dewatering. 

water flow in Duck Creek from discharge: 
ng risks to cattle 

Dewatering and th
drawdown are disc
Section 7.4.1. 
Depths of surface 
Creek discussed i

ation 

with specific stakeholders as required throughout the a
osal.   

is subject to a four week public review period and at th
ublic submissions are provided to Rio Tinto for an oppo

e submissions (refer to invitation to comment attached w
s on submission procedure). 

rgrass Expansion Project 

se 

r management 
d are discussed in 

nt for the IAA is 
AEMP (Appendix 3). 

he irrigated 
t can be found in 

n management for 
sed in the AEMP 

and rehabilitation for 
ed in Section 14.3.5. 

ritage values of the 
sal are discussed in 

irement for the IAA is 
ion 3.3.11 and 9.4.1.   

 including potential 
discussed in 

cies to be used in the 
finalised and the 

comments will be 
decision making 

atering quantities are 
.  The resulting 

wdown and rebound 
ection 7.4.1 and 

ritage values of the 
sal are discussed in 

he extent of 
cussed in 

expression in Duck 
n Section 8.4.2. 

assessment 

he end of this 
ortunity to provide 
with this document, 
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6. Framework fo

proposal 

6.1 Identification of k

The Environmental Scoping Docu
Assessment (Part IV Division I) A

The scoping process involved the
that may affect relevant environm
Stakeholder consultation identifie
assessments and through compa
environmental impacts arising fro

The following relevant key enviro
addressed in detail in this PER: 

• groundwater (Section 7)

• surface water (including

• vegetation and flora (inc

• terrestrial fauna (Section

• subterranean fauna (Se

• acid and metalliferous d

• Aboriginal heritage (Sec

• closure (Section 14). 

The detailed assessment underta
factors. 

6.1.1 Other environmenta

Other environmental factors addr
readily managed through standar
these other environmental factors
follows: 

• noise and vibration (Sec

• dust (Section 15.2) 

• waste (non-mineral) (Se

• greenhouse gases (Sec
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r environmental impact assessmen

key issues and their significance 

ument was prepared in accordance with the Environme
Administrative Procedures 2002.    

e identification of key environmental aspects of the Exp
mental factors which are components of the receiving e
ed issues of interest and together with preliminary qual
arison with established environmental policies the pote
om the Expansion Proposal was determined.   

onmental factors were identified during this scoping pro

) 

 aquatic habitats and fauna) (Section 8) 

cluding TEC) (Section 9) 

n 10) 

ction 11) 

rainage (Section 12) 

ction 13) 

aken for this PER did not identify any further key releva

al factors  

ressed in this PER require less detailed assessment as
rd operating procedures and adherence to regulations.
s in relation to the Expansion Proposal is provided in S

ction 15.1). 

ection 15.3) 

ction 15.4). 

 

rgrass Expansion Project 

nt of 

ental Impact 

pansion Proposal 
environment.  
itative risk 
ntial significance of 

ocess and are 

ant environmental 

s they can be 
.  A description of 

Section 15, as 
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6.2 Assessment of ke

6.2.1 Assessment approac

The assessment of potential imp
reduce impacts on key environme

• statement of relevant en

• identification of relevant

• description of the factor 

• identification of potentia
Expansion Proposal 

• assessment of likely dire

• application of managem

• comparison of predicted
objectives, and key polic

6.2.2 Relationship betwee

Potential impacts to an environm
Expansion Proposal (e.g. dewate
restricted to those directly or indi
groundwater levels (as discussed
dependent vegetation (discussed

Table 16 provides the EPA enviro
potential impacts for each releva
document. 
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ey environmental factors 

ch 

acts arising from the Expansion Proposal and a descri
ental factors, have been included in this PER as follow

nvironmental objectives to be met by the Expansion Pro

 policies and guidelines, standards and procedures 

including the results of investigations 

l sources of impact (environmental aspects) associated

ect and indirect impacts arising from key environmenta

ment measures and performance standards to mitigate p

d environmental outcomes or residual impact against e
cies, guidelines, standards and procedures. 

en key environmental factors and potential impacts

ental factor (e.g. groundwater) arise from an environm
ering).  The potential impacts addressed under each of
rectly affecting that key factor.  For example, dewaterin
d in Section 7 – Groundwater) and this drawdown can a
d in Section 9 – Flora and Vegetation).  

onmental objective, key environmental aspects and a s
nt factor and indicates where those potential impacts a

rgrass Expansion Project 

ption of mitigation to 
ws: 

oposal 

d with the 

al aspects 

potential impacts 

nvironmental 

s  

ental aspect of the 
 the key factors are 
ng will affect 
affect groundwater 

summary of 
are addressed in this 
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6.3 Consistency with 

In 2003, the EP Act was amende
assessments (EPA 2004a).  Thes

• precautionary principle 

• principle of intergenerat

• principle of the conserva

• principle relating to impr

• principle of waste minim

Rio Tinto has considered these p
Proposal (Table 17). 

Table 17 Consistency with princ

Principle 

1.  Precautionary Principle 
Where there are threats of serious or
irreversible damage, lack of full 
scientific certainty should not be used
as a reason for postponing measures
to prevent environmental 
degradation. 
In the application of the precautionary
principle, decisions should be guided
by: 
a. careful evaluation to avoid, where
practicable, serious or irreversible 
damage to the environment 
b. an assessment of the risk-
weighted consequences of various 
options. 

2.  Intergenerational Equity 
The present generation should 
ensure that the health, diversity and 
productivity of the environment is 
maintained or enhanced for the 
benefit of future generations. 
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environmental principles 

ed to include a core set of Principles that are applied by
se environmental protection principles listed in s 4a of 

ional equity 

ation of biological diversity and ecological integrity 

roved valuation, pricing and incentive mechanisms 

misation. 

principles in its design and subsequent implementation 

ciples of environmental protection 

Consideration given in the Expansion Proposal 

r 

d 
s 

y 
 

e 

Rio Tinto maintains an environmental management syste
that addresses all of its activities with a potential to affect 
environment and is consistent with ISO14001.  The key 
elements of the EMS include assessing environmental ris
arising from environmental aspects with the intention of 
identifying issues early in the process to enable planning 
avoid, prevent or manage impacts. 
Part of this process includes undertaking detailed site 
investigations of the biological and physical environs.  Wh
these investigations identify significant environmental issu
management measures are incorporated into the project 
design to avoid, where practicable, and/or minimise any 
potential impacts. 
As a result, this Expansion Proposal has been designed t
minimise potential impacts to the key environmental value
Caves Creek. 

Rio Tinto integrates the principles of sustainable developm
into all aspects of its operations to contribute to sustainab
development in Australia.  These principles ensure that R
Tinto’s operations deliver more value with less impact, wh
Value = long-term financial outcomes + social outcomes +
environmental outcomes 
Impact = financial cost + social impact + environmental 
impact 
Integration of these sustainable development principles 
ensures the environment in which Rio Tinto operates is 
maintained and (where possible) enhanced for future 
generations.  This has resulted in the protection of key 
environmental values (as above) and an extensive 
management program.   

rgrass Expansion Project 

y the EPA in 
the EP Act, are: 

of the Expansion 

Section 
addressed in 
PER 

em 
the 

sk 

to 

here 
ues, 

to 
es of 

See 
assessment of 
factors in 
Sections 7 to 
15 and 
environmental 
management 
and proposed 
conditions in 
Section 18. 

ment 
ble 
Rio 
here: 
+ 

See Section 
14 (Closure, 
including 
rehabilitation) 
and Section 
18 for 
environmental 
management. 
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Principle 

3.  Conservation of Biological 
Diversity and Ecological Integrity 
Conservation of biological diversity 
and ecological integrity should be a 
fundamental consideration. 

4.  Improved Valuation, Pricing and
Incentive Mechanisms 
a. Environmental factors should be 
included in the valuation of assets 
and services. 
b. The polluter pays principle – 
those who generate pollution and 
waste should bear the cost of 
containment, avoidance or 
abatement. 
c. The users of goods and services 
should pay prices based on the full 
life cycle costs of providing goods 
and services, including the use of 
natural resources and assets and the
ultimate disposal of any wastes. 
d. Environmental goals, having 
been established, should be pursued
in the most cost-effective way, by 
establishing incentives structures, 
including market mechanisms, which 
enable those best placed to 
maximise benefits and/or minimise 
costs to develop their own solutions 
and responses to environmental 
problems. 

5.  Waste Minimisation 
All reasonable and practicable 
measures should be taken to 
minimise the generation of waste and
its discharge into the environment. 
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Consideration given in the Expansion Proposal 

Conservation of biological diversity and ecological integrit
fundamental to Rio Tinto’s approach to environmental 
management and is a major environmental consideration 
the project.   
Biological investigations have been undertaken by Rio Tin
early in the project planning process to identify values of 
environmental conservation significance required to be 
protected from disturbance.  This Expansion Proposal ha
been designed to minimise potential impacts to the key 
environmental values of Caves Creek. 
Rio Tinto has committed to restoring disturbed environme
upon decommissioning, creating safe, stable, non-pollutin
landforms.  Revegetation will be conducted with native 
species, and surface flows designed to avoid flooding.  Th
aim of which is to establish sustainable endemic vegetatio
units consistent with reconstructed landforms and 
surrounding vegetation.   

d 

e 

 

Rio Tinto acknowledges the need for valuation, pricing an
incentive mechanisms and endeavours to pursue these 
principles when and wherever possible.  For example: 

• environmental factors have played a major role in 
determining infrastructure and waste rock landform 
locations 

• Rio Tinto has put in place procedures that will ensure
pollution-type impacts are minimised as far as practic

• the cost of rehabilitation and closure requirements wil
incorporated into the production costs of the Expansio
Proposal from the commencement of operation. 

d 

Rio Tinto’s approach to waste management is to, in order
priority: 

• avoid and reduce at source 

• reuse and recycle 

• treat and/or dispose. 
Rio Tinto will operate an appropriately licensed landfill for
disposal of general domestic solid wastes and recycles sc
metal, rubber, waste oil and batteries.  Rio Tinto continue
investigate other waste management opportunities with th
aim of minimising waste generation and disposal 
requirements. 
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7. Assessment of

This section addresses the impac
the groundwater arising from the 
dependent ecosystems) is addre
(i.e. vegetation in Section 9.4.3). 

7.1 Relevant environm

procedures 

7.1.1 EPA objectives 

The EPA applies the following ob

To maintain the quantity of water
maintenance, are protected. 

To ensure that emissions do not 
people and land uses by meeting

7.1.2 Regulatory framewo

The RIWI Act makes provision fo
provide for irrigation schemes, an
are required for works associated
and for the taking of groundwater
from aquifers and may include co

Works approvals and licences to 
the EP Act. 

7.2 Description of fac

Groundwater modelling was unde
(PPK 1999).  The understanding 
increased significantly since the C
studies: 

• Nammuldi hydrogeologi

• Silvergrass hydrogeolog

• Dewatering Requiremen

• Dewatering Requiremen

• Baseline groundwater sa

• Nammuldi Numerical Mo

The hydrogeology at both Namm
are in hydraulic connection with t
These palaeovalley sediments lie
Brockman Iron Formation bedroc
comprise predominantly undiffere
calcretes which are collectively re
sediments results in a variable tra
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f impact on groundwater 

ct of the Expansion Proposal on groundwater.  The effe
Expansion Proposal on environmental values (such gr
ssed under other sections dealing with the relevant en
 

mental objectives, policies, guidelines, stan

bjectives to the assessment of proposals that may affec

r so that existing and potential environmental values, in

adversely affect environmental values or the health, w
g statutory requirements and acceptable standards. 

ork 

or the regulation, management, use and protection of w
nd for related purposes.  Licences issued by the DoW u
d with groundwater abstraction (including for mine dew
r.  Groundwater abstraction licences specify the maxim
onditions for monitoring and preparation of operating st

permit discharges to the environment are also require

ctor 

ertaken for the Original Proposal by PPK Environment 
of the groundwater system at both Nammuldi and Silv

CER for the Original Proposal was submitted, through 

cal model (URS 2010a) 

gical model (URS 2010b) 

nts for Nammuldi (Rio Tinto 2010a) 

nts for Silvergrass East (Rio Tinto 2010b) 

ampling programme throughout Caves Creek (Rio Tint

odelling (Rio Tinto 2011c). 

muldi and Silvergrass is characterised by fractured bedr
thick successions of variably saturated Tertiary palaeov
e between the ridgelines of outcropping Marra Mamba 
ck at both Nammuldi and Silvergrass.  The palaeovalley
entiated clastic deposits with a matrix dominated by cla
eferred to as detritals.  The complex stratigraphy of the
ansmissivity.   

rgrass Expansion Project 

ect of changes to 
roundwater-
vironmental factor 

ndards and 

ct groundwater: 

ncluding ecosystem 

welfare or amenity of 

water resources, to 
under the RIWI Act 

watering purposes) 
mum abstraction rate 
trategies. 

d under Part V of 

& Infrastructure 
ergrass has 
the following 

to 2010c) 

rock aquifers, which 
valley sediments.  
and 
y-fill sediments 

ay in addition to 
e valley-fill 
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7.2.1 Nammuldi 

The primary aquifers at Nammuld
the orebody at Nammuldi (the ore
been exposed resulting in weathe
Wittenoom Formation and valley 
groundwater.  Previous conceptu
Proposal suggested the orebody 
water levels from hydrogeologica
aquifers and overlying detritals a
different units (URS 2010a).  No 
vegetation surveys conducted wi

Groundwater levels and flow 

Groundwater levels at Nammuldi
AHD in the east to 574 m AHD in
westerly direction along the valle
south).  Groundwater flow is bou
Mt Sylvia Formation to the south.
Figure 28. 

The Marra Mamba Iron Formatio
hydraulic barrier to groundwater f
where either un-weathered, comp

Information available to date in th
Lens E/F is limited.  This area wi
be made available in addition to i
indicates a watertable elevation b
the Marra Mamba Iron Formation
bedded Brockman Iron Detritals P
Nammuldi Pit E/F.  Due to the pre
the water table at Brockman Iron
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di are associated with the mineralised Mount Newman 
ebody aquifer) and the Wittenoom Formation, especial
ering and the formation of secondary permeabilty.  The
fill material, when saturated, also hosts significant volu

ual models of the hydrogeology presented in the CER f
aquifer was confined by the overlying West Angela Me

al drilling programs in 2008 and 2009 have revealed tha
re hydraulically connected and show low hydraulic grad
groundwater-dependent ecosystems have been identif
thin this valley (Halpern Glick Maunsell 1999a; Biota 2

 are approximately 40 m below ground level, which co
n the west of the deposit.  This groundwater gradient in
y between the Nammuldi ridge (to the north) and Brock
nded by low permeability Macleod Member to the north
.  The conceptual pre-mine groundwater levels at Nam

n Member, which underlies the orebody aquifer, forms
flow.  The boundary to groundwater flow is generally co
petent Wittenoom Formation or the Mount Sylvia Form

he area of the proposed bedded Brockman Iron Detrita
ll be the subject of further phases of investigation, with
information presented in this PER.  Groundwater level 
between approximately 580 and 586 m RL, which is sim
n in nearby Lens E/F.  Conceptual hydrological modelli
Pits 9, 10 and 13 are likely to be in connection with the
esence of the Mt Sylvia Formation acting as a barrier t
 Detritals Pits 8, 11 and 12 is unlikely to be connected 
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Member that forms 
ly where it has 

e overlying 
umes of 
or the Original 
ember, however, 
at the bedrock 
dients between the 
fied by any of the 
010a, 2010b). 

rresponds to 590 m 
dicates flow in a 
kman Ridge (to the 
h of the valley and 
muldi are shown in 

 an effective 
onsidered to be 
ation out-crop.   

als pits south of 
 ongoing reports to 
data in the area 

milar to that seen in 
ng indicates that the 

e aquifer at 
o groundwater flow, 
to that at Pit E/F. 
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Groundwater quality 

The groundwater at Nammuldi is
550 and 1400 μS/cm.  The pH is 
ANZECC & ARMCANZ (2000) gu
which were elevated at some site
drinking water with the exception
2010c). 

7.2.2 Silvergrass  

The main aquifer at the Silvergra
the Marra Mamba Iron Formation
West Angela Member), and detrit
basement units to the north and s

The overlying West Angela has h
hydraulic conductivity (URS 2010
varies in transmissivity from low t
(including sand and gravel with d
quality and groundwater levels w
between the bedrock aquifer and
consistent and extensive clay of t
which is overlain by more recent 
calcrete.  The clay layer as a res
shallow aquifer and the deeper b

Hydrogeological connection b

Geochemical and isotope analys
Caves Creek and groundwater in
ions, in particular chloride ions, fr
(Rio Tinto 2010c).  As chloride io
are attributed to evaporation it pr
The analysis of samples indicate
similar and that variations can be
groundwater.  This indicates that 
pools) are likely to be groundwate

Isotopic signature analysis for sta
groundwater and the majority of s
values correspond to intense rain
groundwater is recharged only by
that the permanent pools sample

To support the geochemical and 
41 monitoring bores along Caves
calcrete, detrital units and also in
which occurs approximately 28 k

The results indicate that the hydr
consistent, with the clay layer act
have been eroded, exposing the 
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 typically fresh to marginal, with electrical conductivitie
generally neutral (6.8 to 7.8).  Groundwater quality is g

uidelines for aquatic ecosystems, with the exception of
es (Rio Tinto 2010c).  The groundwater meets all guide
 of the aesthetic guideline value for total dissolved soli

ass deposit consists of mineralised sections of the Mt N
n or fractured and/or weathered Wittenoom Formation (
tal units (Figure 29).  The aquifer units are surrounded
south as also observed in Nammuldi. 

highly variable transmissivity, ranging typically from low
0b).  The valley-fill material (detritals) that overlies the m
to moderate.  Although there is considerable lithologica

distinct pisolite pebbles and cobbles in calcareous clay 
would suggest that all the stratigraphic units are hydraul
d lower detrital valley fill deposits.  This lower detrital un
the order of 15 to 20 m thick especially in the vicinity o
variable alluvium and colluvium deposits of variable cla
ult can be considered an aquitard separating the alluvi

basement and lower detritals aquifer. 

between groundwater and surface water at Silvergr

is was undertaken to determine the relationship betwe
n the underlying aquifer.  This geochemical analysis foc
rom water samples from pools along Caves Creek and

ons are largely derived from rainfall, and any variations 
ovides an indication of the inherent surface and ground
d that the geochemistry of groundwater and the water 

e attributed to evaporation in the pools and mineral diss
the permanent pools sampled (including Palm Springs

er fed. 

able isotopes oxygen 18 ( 18O) and deuterium ( D) sh
surface water tested had depleted isotopic values.  De
nfall events during which there is little evaporation.  Thi
y high intensity rainfall events, typically cyclones or cyc

ed (including Palm Springs and small nearby pools) are

isotopic understanding of Caves Creek a drilling progr
s Creek in six transects.  The monitoring bores were co
n weathered West Angela shale between Silvergrass an
km downstream (Figure 30).   

rogeological units from Silvergrass to Palm Springs are
ting as an aquitard.  At Palm Springs the calcrete, detri
lower detrital layer.  

rgrass Expansion Project 

s varying between 
generally within 
f copper and zinc, 
eline values for 
ds (Rio Tinto 

Newman Member of 
(pre-dominantly the 
 by less permeable 

w to moderate 
mineralised section 
al heterogeneity 
matrix), water 
lically connected 
nit is overlain by a 
f Caves Creek 
ay, silt, gravel and 
al surface water fed 

rass 

en surface water at 
cused on major 
d the groundwater 

in its concentration 
dwater dynamics.  
found in pools is 

solution in the 
s and small nearby 

howed that 
pleted isotopic 
is indicates that the 
clone remnants, and 
e groundwater fed.  

am established 
onstructed in 
nd Palm Springs, 

e relatively 
ital and clay layers 
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Groundwater levels and flow 

The watertable at Silvergrass gen
east to west along the orebody a
probably reflects the heterogenei

In 2007 groundwater levels at Sil
and 53 m below ground to the so
near Caves Creek to the northea
the west. 

Groundwater levels along Caves
were much lower in 1997/1998 a
during a 2007 survey (undertake
period of above average rainfall (
Silvergrass are shown in Figure 3
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nerally follows the topography of Caves Creek.  Groun
quifer and valley fill sediments.  The gradient is not un
ity encountered within both the bedrock and valley fill. 

vergrass were between 5 m below ground level close t
outhwest of Silvergrass (Rio Tinto 2010c).  These corre
ast of Silvergrass to 546 m AHD to the west, implying g

 Creek vary temporarlly due to changes in rainfall.  Gro
s a result of below average rainfall from 1985 – 1998 t
n to support the URS [2010b] groundwater model), wh
(Rio Tinto 2010c).  The conceptual pre-mine groundwa
31.   
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dwater flows from 
iform, which 

to the Caves Creek, 
espond to 554 AHD 
roundwater flow to 

oundwater levels 
han they were 
ich occurred after a 

ater levels at 
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Groundwater quality 

Groundwater at Silvergrass typic
valley fill and Wittenoom Formati
(WRM 2011b).  The groundwater
aesthetic guideline value for total

7.2.3 Hydrogeological mo

Numerical hydrogeological mode
required for mining and predict th
developed by URS (2010a and 2
CER (PPK 1999).  The models w
hydrogeological characteristics o

The major change to the hydroge
variability within the West Angela
Paraburdoo Member.  The previo
aquifers, however, recent hydrog
between the orebody, Wittenoom

Sources of recharge to the syste
(as measured at the weather stat
calculted as approximately 2.5 %
The Silvergrass model assumed 
annual rainfall with the rest being

The models were calibrated in ste
used to refine the hydraulic cond
observed data (1991/1992 groun
groundwater hydrographs with hi
1991 to April 2010).   

Model simulation performance wa
Errors were contained between ±
for complex flow systems (URS 2

The conceptual hydrogeological 
Hydroconcepts.  The peer review

As described in Section 3.3.10, m
over the life of the mines to allow
and pit development schedules fo
be modified by changes in the de
model, mine plan and schedule; 
expected to change significantly. 
approximately 138 ML/day and 9
(Figure 22). 
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ally has a pH of 7.1 to 8.3, which reflects the carbonate
on.  The water is fresh with a mean electrical conductiv
r meets all guideline values for drinking water with the e
l dissolved solids (Rio Tinto 2010c).   

odelling 

elling was used to estimate approximate dewatering vo
he extent of groundwater drawdown.  The hydrogeolog
2010b) represent substantial revisions of the earlier mo
were revised based on an enhanced understanding of t
of both Nammuldi and Silvergrass.   

eological model resulted from the increased knowledge
a Member, thickness of the valley fill material and prese
ous model assumed that the West Angela Member con
geological investigations have shown that there is hydra
m Formation and the valley fill (URS 2010a). 

m for the Nammuldi model were assumed to be direct 
tion at B2) and throughflow.  The average recharge co

% of mean annual rainfall through calibration of the grou
recharge to the aquifer from rainfall as being an avera

g contributed from leakage from Caves Creek.   

eady and transient state conditions.  The steady state 
uctivity parameters using a pre-mining dataset (Namm
dwater level data), while the transient calibration aimed
storical trends based on observed stresses to the syst

as evaluated with the measurement of the percentage 
± 0.2%.  A discrepancy error within 5% is usually consid
2010a). 

models for both Nammuldi and Silvergrass have been 
ws have been provided to the OEPA. 

modelling has indicated approximately 643 GL may nee
w their safe development based on the revised hydroge
or Nammuldi and Silvergrass.  The schedule of dewate
ewatering strategy, geological block model, hydrogeolo
however, the volumes to be abstracted over the life of 
 The current estimated maximum dewatering requirem

90 ML/day will be required at Nammuldi and Silvergrass
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7.3 Potential sources 

Activities or aspects of the Expan
considering mitigation measures,

• dewatering of the minin
the watertable, which ha
sites 

• discharging surplus w
more constant flow regim
over time 

• changes to landforms 
groundwater, which has
dependent ecosystems 

• groundwater contamin
quality 

• application of water fo
which can affect the com
sufficiently high to satura

The potential impacts associated
surplus water management are a
in Section 14.  Indirect impacts o
in Section 9.4.3. 

7.4 Assessment of lik

7.4.1 Dewatering 

The Expansion Proposal requires
support an increase in depth and
Nammuldi and Silvergrass.  The 
groundwater drawdown of 2 m, a
was selected as a threshold for p
groundwater modelling, root zone
below Caves Creek over time in 

The Themeda grassland TEC do

There are no third party water us

Nammuldi 

The deposit at Nammuldi occurs 
Ridge to the north.  The aquifer is
the overlying saturated valley fill 
end of 2015, 2020,and 2030 at th
the modelling, the extent of groun
within this valley.   

Nammuldi-Silve
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 of impact 

nsion Proposal that have the potential to affect groundw
, include: 

ng area at Nammuldi and Silvergrass to allow access to
as the potential to affect groundwater-dependent ecosy

water to creek systems may elevate the watertable loca
me, which may change the current composition of vege

arising from mining persisting after closure will alte
s the potential to affect surface water values and/or gro
in Caves Creek 

nation from AMD or hazardous material spills may affe

or irrigated agriculture has the potential to elevate the
mposition of adjoining vegetation communities over tim
ate the rootzone of tree species. 

d with AMD are addressed in Section 12.  Potential imp
addressed in Section 8.  Groundwater recovery post-clo
n vegetation from the alteration of the groundwater reg

kely direct and indirect impacts 

s dewatering to a greater depth than the Original Propo
d width of the pits to allow safe access of the ore below
extent of drawdown is defined in this assessment as th

as represented by the modelled 2 m drawdown contour
potential environmental effects in recognition of the erro
e depth of most plants (Rio Tinto 2010b) and variability
response to large rainfall events. 

oes not use groundwater and will not be affected by the

sers within the predicted extent of drawdown. 

within a valley between the Brockman Ridge to the so
s hosted within the Marra Mamba orebody and adjacen
material.  The extent of groundwater drawdown has be
he completion of mining at Nammuldi (Figure 32).  Bas
ndwater drawdown from dewatering is predicted to be e

rgrass Expansion Project 

water, not 

o the ore will lower 
ystems and heritage 

ally and provide a 
etation communities 

er the flow of 
undwater-

ect groundwater 

e watertable locally, 
e if rise is 

pacts relating to 
osure is addressed 
gime are discussed 

osal in order to 
w the watertable at 
he area subject to a 
r.  Drawdown of 2 m 
or margin of the 
y of the watertable 

e dewatering. 

uth and Nammuldi 
nt formations, and 
een modelled for the 
ed on the results of 
entirely constrained 
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Dewatering at Nammuldi is due t
following: 

• at the end of 2020, dewa
extending east and wes

• at the cessation of dewa
in the pits; however, the
area. In particular, it is e
35 m at the eastern bou

Additional dewatering will be requ
of small additional pits at Nammu
strategy for these deposits is bein
these pits.  The conceptual mode
at Pit E/F will sufficiently low grou
Due to the presence of the Mt Sy
Brockman Iron Detrital pits 8, 11 
Conceptual models indicate that 
volumes required to be dewatere
main Nammuldi pits. 

Groundwater drawdown at Namm
low permeability of the unminera
Formation to the south. 

Silvergrass 

Dewatering at Silvergrass is due 
indicates the following: 

• initially the predicted 2 m
actively mined pits  

• at completion of dewate
beneath the colluvium o
and cover an area appro

The predicted 10 m groundwater 
would extend approximately 4 km
predicts the 10 m drawdown cont
length of Caves Creek that would
expected to extend at the comple
dewatering. 

Drawdown will not affect Palm Sp
addition to the presence of the cl
during 2011.  This layer would m
aquitard in the unlikely event of d
is fed by a calcrete aquifer, which

Nammuldi-Silve
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o start in Q1 2013.  Propagation of the drawdown exte

atering will result in the predicted 5 m groundwater dra
t approximately 18 km 

atering in Lens A, B, C/D and E/F, groundwater levels w
e predicted drawdown will still propagate and affect the 
estimated a drawdown of approximately 5 m at the wes
ndary. 

uired to mine the bedded Brockman Iron Detritals, the 
uldi (pits 8 – 13).  The hydrogeological modelling and w
ng developed and will be finalised prior to commencem
elling of groundwater within these proposed pits sugges
undwater levels in order to allow access to the ore in p
ylvia Formation acting as a barrier to groundwater flow,
and 12 is unlikely to be sufficiently lowered by dewate
a separate dewatering scheme will be required for thes

ed from these pits is likely to be significantly less than th

muldi is expected to be limited to the Nammuldi valley d
lised Marra Mamba Formation to the north of the valley

to start in Q1 2015.  Modelling of propagation of the dr

m groundwater drawdown contour will be limited to the 

ering, the predicted 2 m groundwater drawdown contou
on the north side of Caves Creek approximately 15 km 
oximately 46 km2 (Figure 33 and Figure 34). 

drawdown contour identified for the Original Proposal 
m east-west along Caves Creek.  In comparison, the re
tour will now extend to approximately 7 km east-west, 
d be affected at this drawdown by 3 km.  The extent of 
etion of pumping as surounding groundwater flows in to

prings due to the the distance (28 km) from the Expans
ay layer identified from the intensive hydrogeological d
itigate any downward leakage of water supported by th

drawdown propagating this far from Silvergrass.  In add
h is not connected to the orebody aquifer. 

rgrass Expansion Project 

nt indicates the 

awdown contour 

will start recovering 
entire modelled 

stern boundary and 

subject of a series 
water management 
ment of mining in 
sts that dewatering 
its 9, 10 and 13.  
, the watertable at 
ring at Pit E/F.  
se pits.  The 
he quantities at the 

due to the relatively 
y and Mt Sylvia 

rawdown extent 

areas surrounding 

r will extend 
along Caves Creek 

at Silvergrass 
evised modelling 
increasing the 
drawdown is 

o the area subject to 

sion Proposal in 
drilling campaign 
he shallow clay 
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7.4.2 Irrigated agriculture 

Irrigation of 2000 ha of Hamersle
prevent changes to groundwater 
described in the AEMP (Appendi
in the rate of accession of water t
irrigation system based on the m
time monitoring to ensure that the

Real-time monitoring using soil m
calibrated to turn the irrigation sy
management measures, the Exp

Fertilisers and chemicals (includi
system.  The irrigation system is 
crops achieve optimal growth and
requirements of the crop will be c

Nutrients will be applied via the ir
water guidleline values.  The irrig
fertilisers or chemicals.   

Physical and biological process w
will be rapidly incorporated into th
2012).  Internal fencing will also b
hotspots resulting from manure.  

As specified in the AEMP (Appen
analyses will be undertaken to en
chemicals and management prac
salinity of the soil.  Saturation of s
concentrate salts in the soil.  Risi
using real-time soil moisture prob
crop can use, the irrigation syste
accumulation of salts in the soil a
elements in the (in the form of sa
determining plant fertiliser require
Given that the quality of water to 
increase the salinity of the soil (G
if they accumulate in the soil.  Ho
been sufficient to remove the salt
affecting groundwater quality or w

To ensure adequate groundwate
groundwater monitoring bores pr
groundwater levels will continue t
water will be matched to the volu
the water is not expected to signi
AEMP (Appendix 3) contains con
environmental effect.  In the even

• comparison with referen

• increasing the intensity o

• checking irrigation infras

• temporarily diverting sur
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ey Pastoral Station with surplus water from the mine ha
quality or groundwater levels of the area.  Managemen
x 3), in place for the operation of the IAA will prevent s
to the watertable.  The management measures involve
anagement regime, evapotranspiration and evaporatio
e volume of irrigation water does not exceed crop use 

moisture probes will regulate the volume of water applie
ystem off to prevent accession to the watertable.  As a 
ansion Proposal will not increase groundwater level. 

ng pesticides and herbicides) will be applied to crops v
able to deliver precise nutrient and fertiliser requireme
d water use without nutrient or pesticide losses occurri
calculated using plant growth requirements, soil types a

rrigation system in concentrations that are generally low
gated agriculture is not expected to affect groundwater 

will ensure that manure, under a stand and graze mana
he soil therefore minimising the risk to groundwater (G
be used to enable grazing management to reduce the 
 

ndix 3), real-time soil condition data loggers and regula
nsure there is no chemical contamination as a result of
ctices.  Operation of agriculture irrigation is not expecte
soil and subsequent evaporation of water from near the
ing watertables can also mobilise salts from within the 
bes to monitor soil moisture and delivering the amount 
m will prevent the area from being over-watered, avoid

and prevent the watertable from rising.  In addition, the 
alts, such as potassiam) within the water is taken into a
ements, which limits the potential for build up of salts w
be used is fresh (TDS of 340 – 840 mg/L) it is unlikely 

Global Groundwater 2010).  Rainfall is expected to leac
owever, should regular monitoring of soil determine tha
ts then the pivots can be used to flush the soil without 
watertable levels. 

r monitoring is recorded, the AEMP (Appendix 3) includ
ior to operation of the irrigation.  During irrigation opera
to ensure there is no rise in groundwater levels.  As the
me that can be used, the limited duration of the operat
ificantly affect groundwater quality, however, in the eve
ntingency measures to ensure that the there is no detri
nt of rising watertables the AEMP includes: 

nce levels outside the IAA 

of monitoring actions 

structure 

rplus water to Duck Creek to allow the elevated waterta

 

rgrass Expansion Project 

as been designed to 
nt measures, 

significant increase 
e optimisation of the 
on rates and real-
capacity.   

ed.  Sensors will be 
result of these 

via the irrigation 
ents to ensure that 
ng.  The nutrient 
and water quality.   

wer than drinking 
quality, in terms of 

agement regime, 
lobal Groundwater 
risk of nutrient 

ar soil and plant 
f application of 
ed to increase 
e soil surface can 
soil profile.  By 
of water that the 

d the excessive 
content of 

account when 
within the root zone.  

that irrigation will 
ch any residual salts 
at rainfall has not 
significantly 

des installation of 
ation, monitoring of 
e application of 
tion and quality of 
ent that there is, the 
mental 

able to decline.  
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7.4.3 Groundwater contam

Hydrocarbon spills, from usage a
risk of hydrocarbon spillage come

The risk of groundwater contamin
through application of existing de
Management Plan as part of the 
procedures for maintaining and re
procedures and standards. 

There is potential that groundwat
This risk is considered in Section
impact surface and groundwater 
Section 14. 

7.5 Management me

Groundwater-dependent environ
implementation of the following m

• minimising the volume o
minimum required to en

• pits at Silvergrass will be
aquifer  

• conducting hydrogeolog
groundwater flow and de

• monitoring of groundwat
hydrogeological model t

• monitoring of groundwat

• storage and handling of 
contamination of ground

• monitoring of IAA for evi
as a result of irrigation 

• development of an Adap
management measures 

7.6 Predicted environ

policies, guideline

After application of management 
expected to result in the following

• dewatering of approxima

• at cessation of dewateri
along the valley contain
result of dewatering at th

• no contamination of gro

• no increase in watertabl
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mination 

and storage, have the potential to contaminate groundw
es from maintenance and refuelling of vehicles and pla

nation from hydrocarbons is expected to be very low an
esign, infrastructure and operational procedures, and th
EMP (Appendix 3).  The Hydrocarbon Management Pl
efuelling vehicles in compliance with relevant internal a

ter will be contaminated by AMD which may affect grou
n 12.  Final landform configurations also have significan

quality both positively and negatively.  These risks are

asures and performance standards 

mental values within the Greater Nammuldi Area will b
management and mitigation measures: 

of groundwater to be abstracted through optimisation o
sure safe and efficient mining conditions  

e backfilled above pre mine water table to assist gradu

gical modelling to examine the potential effects of post-
evelopment of a conceptual closure strategy 

ter levels in the vicinity of the dewatering bores and up
throughout dewatering and post closure 

ter levels along Caves Creek and near Palm Springs 

hydrocarbons to minimise and manage spills and ther
dwater 

idence of groundwater contamination and changes in g

ptive Surface Water Management Plan that includes ad
and contingencies measures as well as key internal a

nmental outcomes against environmental o

es, standards and procedures 

mitigation measures described in Section 7.5, the Exp
g outcomes in relation to groundwater: 

ately 643 GL over the life of the mines 

ng 2 m drawdown contour is expected to extend appro
ing the Nammuldi Mine and approximately 15 km along
he Silvergrass Mine 

undwater from mining or agricultural activities 

es under the IAA. 

rgrass Expansion Project 

water.  The greatest 
ant with diesel.   

nd will be managed 
he Hydrocarbon 
lan details 
and external 

undwater quality.  
nt potential to 
e discussed  in 

be protected through 

f dewatering to 

ual recovery of 

closure landform on 

pdate of 

eby prevent 

groundwater level 

daptive 
ccountabilities. 

objectives, 

pansion Proposal is 

oximately 24 km 
g Caves Creek as a 
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8. Assessment of

This section addresses the impac
effect of changes to the surface w
sections dealing with the relevan

8.1 Relevant environm

procedures 

8.1.1 EPA objective 

The EPA applies the following ob

To maintain the quantity and qua
ecosystem maintenance, are pro

To ensure that emissions do not 
people and land uses by meeting

8.1.2 Regulatory framewo

State 

The Government of Western Aus
management, use and protection
purposes.  Permits to interfere wi
RIWI Act to control impacts on w
impacts. 

Surface water discharges and po
issued under Part V of the EP Ac

In 2000, the Water and Rivers Co
DMP) developed a series of Wate
processing.  These guidelines ad
monitoring wells, mine site water 
drainage.   

National 

In 1996, the Australian and New 
the Agricultural and Resource Ma
the National Principles for the Pro
national principles aim to improve
incorporate the water requiremen
of the principles is to provide wat
ecological processes and biodive

A set of water quality guidelines f
released (ANZECC & ARMCANZ
low-risk trigger values for physica
geographical regions across Aus
are discussed in Batley et al. (20
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f impact on surface water 

ct of the Expansion Proposal on surface water and aqu
water regime on other environmental values is address
t environmental factor (i.e. vegetation in Section 9).  

mental objectives, policies, guidelines, stan

bjectives in the assessment of proposals that may affec

ality of water so that existing and potential environment
otected. 

adversely affect environmental values or the health, w
g statutory requirements and acceptable standards. 

ork 

stralia implemented the RIWI Act to provide for the regu
n of water resources, to provide for irrigation schemes, 
ith bed and banks of a watercourse are also issued by 
atercourses and require suitable management strategi

otentially polluting activities are managed under an env
ct. 

ommission (now DoW) and Department of Minerals an
er Quality Protection Notes and Guidelines for mining a

ddress a range of issues including installation of mine s
quality monitoring, mine site stormwater management

Zealand Environment and Conservation Council (ANZ
anagement Council of Australia and New Zealand (AR
ovision of Water for Ecosystems (ANZECC/ ARMCANZ
e the approach to water resource allocation and manag
nts of the environment in the water allocation process.  
ter for the environment to sustain and, where necessar
ersity of water-dependent ecosystems. 

for the protection of marine and freshwater ecosystems
Z 2000).  The guidelines provide a comprehensive list o
al and chemical stressors in water bodies, broken down
stralia and New Zealand.  The guidelines and their appl
03). 

rgrass Expansion Project 

uatic fauna.  The 
sed under the 

dards and 

ct surface water: 

tal values, including 

welfare or amenity of 

ulation, 
and related 
the DoW under the 
es to address these 

vironmental licence 

d Energy (now 
and mineral 
site groundwater 
t and acid mine 

ECC) together with 
MCANZ) developed 
Z 1996).  These 
gement, and to 
The overriding goal 

ry, restore the 

s has also been 
of recommended 
n into five 
lication to mining 
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A series of guidelines on nationa
Resource Management Ministeria
National Health and Medical Res
These guidelines address a rang
management, water quality benc
for sewerage systems, effluent m

8.2 Description of fac

Rio Tinto has commissioned seve
Boundary and surrounds in order
surveys and investigations are de

Table 18 Surface water surveys

Survey 

Creek characterisation and modell

Preliminary Ecological Assessment o
Developments in the Greater Nammu

Baseline hydrology assessment for D

Baseline hydrology assessment for C

Groundwater surface water interac

Baseline groundwater sampling prog

Riparian vegetation 

Greater Nammuldi Creeks Monitoring

Aquatic Fauna 

Aquatic monitoring program conducte
(wet season) 

Aquatic monitoring program conducte
season) 

Aquatic monitoring program conducte
season) 

TEC hydrology 

Caves Creek Floodplain Assessment

Hydrology drivers for the TEC at Silve

 

The Nammuldi and Silvergrass s
Drainage Division. 

The Nammuldi site is located at t
tributaries of the Ashburton River
where surface water flows exit th
Creek and to the south towards B
enters the Nammuldi site.  Local 
the mining operations of the Orig

The Silvergrass site is located be
and a low-lying Marra Mamba rid
south of Caves Creek, is a flat Th
flood extent of Caves Creek (Rio 
Silvergrass, encompassing the la
Creek.  Caves Creek joins Duck 
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l water quality management have also been released b
al Council (NRMMC) and, in some cases, in collaborat

search Council (NHMRC) and the Australian Health Min
e of issues including policies and processes for water 
hmarks, groundwater management, diffuse and point s

management and water recycling. 

ctor 

eral surveys to investigate surface water values within 
r to assess the potential impact of the Expansion Propo
etailed in Table 18. 

s and investigations 

Refe

ling of discharge 

of Creek Systems Potentially Affected by Proposed 
uldi Area 

Biot

Duck Creek discharge Rio 

Caves Creek discharge Rio 

ction 

ramme throughout the Caves Creek  Rio 

g Survey: Report on Vegetation Component Biot

ed in December 2009 (dry season) and April 2010 WR

ed in October 2010 (dry season) and March 2011 (wet WR

ed in October 2011 (dry season) and April 2012 (wet WR

t for Silvergrass East deposits Rio 

ergrass East Rio 

ites are located in the Ashburton River Basin, within th

the headwaters of Duck Creek and Beasley River catch
r (Figure 12).  The Nammuldi pits are situated in a valle
e valley north through several low points in the Namm

Beasley River.  Runoff from small catchments located a
surface flows are affected by existing road infrastructu
inal Proposal. 

etween a steep Brockman range along the northern sid
dge on the southern side.  To the west of Silvergrass, a
hemeda grassland cracking clay TEC.  The TEC is with
Tinto 2012).  The headwaters of Caves Creek are loca

arge flat plain of Wackilina and Barnett creeks which m
Creek approximately 40 km downstream of the Silverg

rgrass Expansion Project 

by the Natural 
tion with the 
nisters Conference.  
quality 
sources, guidelines 

the Proposal 
osal.  These 

erence 

a 2010d 

Tinto 2011d 

Tinto 2010d 

Tinto 2010c 

a 2010e, 2011b 

M 2011a 

M 2011b 

M in prep. 

Tinto 2012 

Tinto 2010e 

e Indian Ocean 

hments, which are 
ey sub-catchment 
uldi Ridge to Duck 
above the deposits 

ure associated with 

de of Caves Creek 
and immediately 
hin the 20 year ARI 
ated east of 
erge to form Caves 

grass site.   
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Preliminary ecological characteris
in 2009 by Biota Environmental S
support development of a Surplu
and long-term biological monitori
review of the habitats, vegetation
of the conservation significance o
much drier system with more spa
Discharging water to Boolgeeda 
creeks as it would result in greate
(baseline and long-term) monitor
discharging surplus water are ou

Hydroecological characteristics (
composition in the riparian zone) 
of the downstream surface water

8.2.1 Watercourses 

Duck Creek 

Duck Creek has a total catchmen
the Ashburton River.  The major 

Duck Creek typically has a well d
active floodplain (Figure 35).  The
of Eucalyptus camaldulensis (rive
Melaleuca argentea (silver leaved
and some Mulga species (Rio Tin

Flood conditions within Duck Cre
than 1000 m3/s for a 100 year AR
and 270 m3/s for a 2 year ARI ev
immediately upstream of the con

The upper Duck Creek catchmen
associated with the anticline in th
Jeerinah Formation, with intrusio
flow along the surface of the cree
found adjacent to the creek, parti
upper Duck Creek catchment.  C
permanent/semi-permanent wate

The lower part of the Duck Creek
displays more extensive and pote
mainly alluvial and colluvial depo
expected to have deep groundwa
shallow alluvial flow. 

The hydrological characteristics o
determined by analysing the rive
and community distribution, amo
used to describe the movement o
characteristics were then used to
the creek for a range of volumes.
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sation of Duck Creek, Caves Creek and Boolgeeda Cr
Sciences (Biota) and Wetlands Research and Managem
s Water Management Strategy (Biota 2010d), and to d
ng programs.  Ecological characterisation consisted of

n and ecological features of the creek systems and a de
of the creeks.  This characterisation identified that Boo
arse vegetation than Caves Creek or Duck Creek (Biota
Creek was considered to be less suitable than dischar
er modification of the creek hydrology and vegetation.  
ing of riparian vegetation and aquatic fauna to determi
tlined in the EMP (Appendix 3).   

including the geomorphology of the creek bed, vegetat
of Duck Creek and Caves Creek were also identified t

r expression from the discharge of surplus water (Rio T

nt of approximately 6500 km2 and drains from east to w
tributaries of Duck Creek are Caves Creek and Boolge

defined and relatively stable drainage channel that mea
e vegetation on the banks of the creeklines varies from
er red gum), E. victrix (coolibah) and Acacia citrinovirid
d paperbark) while in other areas the creeklines suppo
nto 2011d).  

eek are estimated to be 50 m3/s for a 2 year ARI event 
RI flood event immediately upstream of the confluence 
vent and up to more than 15 000 m3/s to 100 year ARI f
fluence with Boolgeeda Creek (Rio Tinto 2011d). 

nt is dominated by outcropping Jeerinah and Bunjinah F
he region.  Dolerite dyke intrusions are common and ex
ns across the creek bed potentially forcing groundwate

ek, creating small reaches with perennial flow.  Calcrete
icularly in the section up-gradient from the Caves Cree

Calcrete is present along sections of the creek that are d
er holes and pools believed to be linked to the shallow 

k system, down-gradient from the confluence with Bool
entially deeper units of Tertiary and Quaternary sedime

osits.  This system is typical of large floodplains in the P
ater flows with transient pools dependent on rainfall, su

of Duck Creek downstream of the proposed discharge 
r/floodplain geometry, soil profile, underlying geology, v
ngst other characteristics (Rio Tinto 2011d).  These ch
of water along the creek for various magnitude flow eve
o predict a discharge footprint arising from discharging 
.   

rgrass Expansion Project 

eek was conducted 
ment (WRM) to 

develop baseline 
f a preliminary 
esktop assessment 
lgeeda Creek was a 
a 2010d).  
rge to the other two 

Scopes for 
ne the impact of 

tion density and 
to support modelling 

Tinto 2011d, 2010e).   

west discharging into 
eeda Creek. 

anders within an 
m dense woodlands 
dis (black mulga) or 
ort mainly grasses 

and up to more 
with Caves Creek, 

flood event 

Formations 
xtensive within the 
er to express and 
e outcrops are 

ek confluence in the 
dominated by 
groundwater table.   

geeda Creek, 
ents, comprising 
Pilbara and is 
urface water and 

location were 
vegetation patterns 

haracteristics were 
ents.  The 
surplus water into 
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For the purposes of flow modellin
between the identified lowest disc
model produced from the reach c
between surface water and groun
gain (indirectly connected to the g
characteristics of the ten reaches
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ng, ten reaches were identified along the 193 km length
charge point and the confluence with Ashburton River.
characteristics demonstrated complex, reach-dependen
ndwater.  Reaches were characterised as gaining, losin
groundwater system) (Rio Tinto 2011d).  A summary o
s is provided in Table 19, with further details available i

rgrass Expansion Project 

h of the creek 
  The water balance 
nt interactions 
ng or no loss or 

of the key 
n Appendix 2.    
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Duck Caves Confluence – Wet 11 Duck Creek downstream – Dry 10 

  

 
Duck Creek upstream – Wet 11 Duck Creek upstream – Dry 10 

  

 
Duck Creek tributary – Wet 11 Duck creek downstream – Wet 11 

  

Figure 35 Photos of Duck Creek showing range of habitats 
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Caves Creek 

Surface drainage at Silvergrass i
catchment area of around 1530 k
Greater Nammuldi Area. The hea
the large flat floodplain of Wackil
flood events, some water on the 
Fortescue River.  However, the m

Local accumulations of alluvial sa
however, the creek is underlain b
upwards from coarse sand and g
quaternary alluvial materials and 
groundwater recharge to the pala

The low flow drainage channel in
significant in-channel vegetation 
(coolibah) (Figure 36).  In places
floods as evidenced by the active

A hydroecological investigation o
(Rio Tinto 2010d).  Caves Creek 
forming for extended periods with
watertable within the palaeochan

Surface water sampling was cond
part of a groundwater sampling p
patterns in the values for major c
adjacent groundwater.  The matc
hydroecological assessment, tha
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s dominated by Caves Creek, which flows westwards, 
km2 before discharging into Duck Creek approximately 
adwaters of Caves Creek are located east of Silvergras
ina and Barnett creeks, which merge to form Caves Cr
floodplain flows north down Weelumurra Creek and ev

majority of flows are conveyed west down Caves Creek

ands and gravels occur in the modern Caves Creek dra
by the Caves Creek palaeochannel, which contains allu
gravel.  There is likely to be direct hydraulic connection 

underlying palaeochannel, such that creek conditions 
aeochannel. 

n Caves Creek is poorly defined with minor braiding in s
comprising Eucalyptus camaldulensis (river red gum) a
, the channel is relatively straight and has a high flow v
ely eroding channel (Rio Tinto 2010d).   

of this creek was undertaken using the same methodolo
has been described as a dominantly losing system wit

hin topographic depressions in the creek bed.  The poo
nnel rises and from water moving through the creekbed

ducted at seven pool sites along Caves Creek (includin
program in April 2010 (Rio Tinto 2010c).  The seven sa
cations and anions, with relatively higher concentrations
ching trends between groundwater and the pool water c
at the water in pools is derived from groundwater.   

 

rgrass Expansion Project 

draining a 
40 km west of the 

ss, encompassing 
reek.  During large 
ventually into the 
k.   

ainage line; 
uvial deposits fining 
between the 
directly influence 

some reaches and 
and E. victrix 
velocity during 

ogy as Duck Creek 
th transient pools 
ols form as the 
d alluvials (interflow). 

ng Palm Springs) as 
amples had similar 
s compared to the 
concur with the 
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Caves Creek upstream – Wet 11 Caves Creek upstream – Wet 11 

 
Caves Creek upstream – Wet 11 Caves Creek (Palm Springs) – Dry 10 

 

Caves Creek (Homestead) – Dry 10 Caves Creek (Homestead) – Wet 11 

Figure 36 Photos of Caves Creek showing range of habitats 
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8.2.2 Semi-permanent and

There are a number of minor spr
ephemeral.  One spring located o
permanent pools.  During sampli
reaches of creeks in the Greater 

Table 20 Number of sites conta

System Reach 

Caves Creek Caves Creek Up

Homestead 

Palm Springs 

Duck Creek 
Duck Creek Ups

Duck Creek Ups

Duck Creek Dow

Duck Creek Trib

Boolgeeda Creek Boolgeeda Cree

Beasley River Beasley River 

Total  

Over the four WRM sampling per
interpretation of these results cur
likely to represent semi-permane

• six located on Caves Cr

• three located on Caves 

• three on Duck Creek up

• two on Duck Creek dow

Palm Springs 

Palm Springs is an area of perma
Hydrogeochemical analysis of ma
water pools in the area during the
groundwater; concluding the poo

As a permanent pool, Palm Sprin
(described in Section 13).  A perm
in Sections 9.2.4 and as well as h
recommended in the Red Book S
presence of the Millstream Palm.
300 m wide strip of land on eithe

Rio Tinto maintains a permanent 
have been installed by Rio Tinto 
in Section 7.2.2).  These bores w
groundwater levels, and will ultim
occur in the vicinity of Palm Sprin

Nammuldi-Silve
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d permanent pools 

ings throughout the Greater Nammuldi Area, most of w
on Caves Creek (Palm Springs) supports a number of s
ng for aquatic fauna, WRM included sites containing w
Nammuldi Area (Table 20).   

aining water during aquatic fauna sampling 

Dry 2009 Wet 2010 Dry 2010 Wet

pstream    

5 3 3 

6 6 6 

stream Discharge    

stream 3 3 3 

wnstream 3 6 11 

butaries  3 3 

ek   1 

  2 

17 21 29 4

riods (a further two sampling periods have been undert
rrently being undertaken), 14 sites contained water dur

ent pools: 

reek at Palm Springs 

Creek at Homestead (north-northwest of Silvergrass)

pstream of the confluence with Caves Creek 

wnstream of the confluence with Caves Creek. 

anent pools located approximately 28 km downstream 
ajor ion concentrations suggest the water was similar t
e sampling period.  The hydrogeochemical profile was 

ols are sustained by groundwater (Rio Tinto 2010c).   

ngs has significant environmental values, particularly fo
manent water source contributes to high riparian veget
high aquatic fauna values.  Investigation of the Palm S
Status Report (EPA 1993) to determine conservation va
.  The Red Book identifies the area of Millstream Palm 
r side of Caves Creek.   

EC and water level logger at Palm Springs.  A series o
along Caves Creek downstream from the Silvergrass s

will assist in confirming the connection between surface
mately provide an early warning system should groundw
ngs.  

rgrass Expansion Project 

which are 
semi-permanent / 

water along the 

t 2011 

4 

6 

6 

6 

6 

14 

3 

1 

2 

48 

taken and the 
ring all visits and are 

of Silvergrass.  
to other surface 
similar to the 

or Aboriginal culture 
tation as described 
prings area is 
alues due to the 
occurrence as a 

of monitoring bores 
site (as mentioned 

e water and 
water drawdown 
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Water quality 

The water quality of sites sample
were characterised by slightly ba
and predominantly fresh to brack
Considerably higher salinities (63
season (Figure 37).  The water q
found to be generally similar duri

During the dry 2010/wet 2011 sa
boron, copper and zinc levels exc
(WRM 2011b) (Figure 38 to Figu
recorded total nitrogen and total 
(Figure 41 and Figure 42).   

Table 21 Summary of water qua

Sampling period Max DO 
(%) 

M

Dry 2009 163.8 

Wet 2010 120.3 

Dry 2010 160.1 

Wet 2011 147.5 

Source: WRM 2011a, 2011b 

The majority of sites sampled alo
Palm Springs was recorded at 8.
system are higher in the dry seas
local geology (including the prese
in the Pilbara Region including M

Dissolved oxygen (DO) is accept
& ARMCANZ 2000).  The maxim
outside of the ANZECC & ARMC
2011b).  

Freshwater ecosystems start exp
than 1500 – 2000 S/cm (WRM 2
natural EC values which were ge
greater than 1500 S/cm during t
are slightly brackish in their natur
Creek catchment are characteris
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ed across the Greater Nammuldi Area during the dry 20
asic pH (6.88 to 9.62), moderate dissolved oxygen leve
kish waters (150 S/cm to 4370 S/cm) (WRM 2011b) 
330 to 6440 S/cm) were recorded in Duck Creek tribu
quality of all sites sampled (including Caves Creek and 
ng the dry 2010/wet 2011 sampling period.   

mpling period, low values of dissolved metals were rec
ceeded ANZECC & ARMCANZ (2000) guidelines at th
re 40).  Although nutrient levels were found to be low, a
phosphorus levels exceeding ANZECC & ARMCANZ (

ality sampling results 

Min DO 
(%) 

Max pH Min pH Max EC 
( s/cm) 

Min 
( s/c

28.2 9.9 7.5 4370 110

22.1 9.1 7.4 4370 65

23.8 9.6 7.5 6440 88

21.5 8.6 6.9 4370 14

ong Caves Creek have recorded pH values above 8.  T
9 during the dry season 2009 sampling; pH levels in th
son compared to the wet.  This relatively basic pH is lik
ence of calcrete) and has been recorded from a numbe

Marillana Creek, Weeli Wolli Creek and Mindy Mindy Cr

table within a range of 85% to 120% for freshwater eco
um and minimum DO recorded during the sampling of 

CANZ range, however, this is the natural state of the sy

periencing ecological stress when electrical conductivity
2011b).  Sites sampled along Caves Creek recorded h

enerally greater than 2000 S/cm during the dry season
the wet season (Figure 37).  This indicates that the wa
ral state and suggests that macroinvertebrate assembl
ed by brackish tolerant species (WRM 2011b). 

rgrass Expansion Project 

010/wet 2011 period 
ls (24% to 160%) 
(Table 21).  
taries during the dry 
Duck Creek) was 

corded, however, 
e majority of sites 
a number of sites 
(2000) guidelines 

EC 
cm) 

00 

51 

85 

49 

The maximum pH at 
he Caves Creek 
kely to be a result of 
er of other systems 
reek (WRM 2011b). 

osystems (ANZECC 
Caves Creek are 
stem (WRM 

y (EC) is greater 
ighly variable 
n and generally 
ters in this system 
ages in the Caves 
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CCU = Caves Creek Upstream, HS =
Duck Creek Upstream, DCD = Duck 
Beasley River. TV = Trigger Value 

Figure 37 Electrical conductivity 

 

 

 

CCU = Caves Creek Upstream, HS =
Duck Creek Upstream, DCD = Duck 
Beasley River. TV = Trigger Value 

Figure 38 Boron concentration in
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= Homestead, PS = Palm Springs, DCUD = Duck Creek Upstr
Creek Downstream, DCT = Duck Creek Tributaries, BC = Boo

 

 

 

= Homestead, PS = Palm Springs, DCUD = Duck Creek Upstr
Creek Downstream, DCT = Duck Creek Tributaries, BC = Boo

n comparison to corresponding 99% trigger value 

rgrass Expansion Project 

ream Discharge, DC = 
olgeeda Creek, BR = 

ream Discharge, DC = 
olgeeda Creek, BR = 
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CCU = Caves Creek Upstream, HS =
Duck Creek Upstream, DCD = Duck 
Beasley River. TV = Trigger Value 

Figure 39 Zinc concentration in c

 

 

 

CCU = Caves Creek Upstream, HS =
Duck Creek Upstream, DCD = Duck 
Beasley River. TV = Trigger Value 

Figure 40 Copper concentration 
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= Homestead, PS = Palm Springs, DCUD = Duck Creek Upstr
Creek Downstream, DCT = Duck Creek Tributaries, BC = Boo

comparison to corresponding 99% trigger value 

 

 

= Homestead, PS = Palm Springs, DCUD = Duck Creek Upstr
Creek Downstream, DCT = Duck Creek Tributaries, BC = Boo

in comparison to corresponding 99% trigger value 

rgrass Expansion Project 

ream Discharge, DC = 
olgeeda Creek, BR = 

ream Discharge, DC = 
olgeeda Creek, BR = 
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CCU = Caves Creek Upstream, HS =
Duck Creek Upstream, DCD = Duck 
Beasley River. TV = Trigger Value 

Figure 41 Total nitrogen  

 

 

 

CCU = Caves Creek Upstream, HS =
Duck Creek Upstream, DCD = Duck 
Beasley River 

Figure 42 Total phosphorus 
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= Homestead, PS = Palm Springs, DCUD = Duck Creek Upstr
Creek Downstream, DCT = Duck Creek Tributaries, BC = Boo

 

= Homestead, PS = Palm Springs, DCUD = Duck Creek Upstr
Creek Downstream, DCT = Duck Creek Tributaries, BC = Boo
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ream Discharge, DC = 
olgeeda Creek, BR = 

ream Discharge, DC = 
olgeeda Creek, BR = 
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8.2.3 Aquatic fauna 

Wetland Research and Managem
analysis program along Duck and

1. Dry season 2009 (WRM 20

2. Wet season 2010 (WRM 20

3. Dry season 2010 (WRM 20

4. Wet season 2011 (WRM 20

5. Dry season 2010 (WRM in p

6. Wet season 2011 (WRM in 

The following is based on the firs
conducted for the last two survey
condition of the creeks based on 
fauna.  The sampling established
major ions and metals.  

Of the 12 freshwater fish species
of sampling (WRM 2011a and 20

• Melanotaenia australis (

• Neosilurus hyrtlii (Hyrtl’s

• Leiopotherapon unicolou

• Leiopotherapon aheneu

• Amniataba percoides (b

• Glossogobius giurus (fla

• Neosilirus erebi (bony b

Western rainbowfish, spangled p

These fish species are generally 
restricted distribution within the P
from the Fortescue, Robe and up
within its range (WRM 2011a, 20
the International Union for Conse
status may require updating (Wa

Hyporheoic fauna 

Species considered to be either r
stream bed, where there is mixin
stygophiles are endemic to the P
distribution and composition inclu
area [useable pore space, habita
consequently variables such as o

The preliminary sampling of the h
63 taxa.  Of these, 90% were cla
groundwater habitat), which do n
considered possible hyporheic fa

A total of 106 taxa were collected
dry 2010/wet 2011 survey (WRM
of these taxa were classified as s
possible hyporheic fauna include

Nammuldi-Silve
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ment (WRM) commenced an aquatic fauna sampling an
d Caves creeks in 2009.  Sampling was conducted in s

11a). 

011a). 

11b). 

011b). 

prep.). 

prep.). 

st four surveys as identification of species and analysis
ys.  The program includes documentation of the curren

sampling for fish, microinvertebrates, macroinvertebra
d pre-development baseline water quality benchmarks 

s known from the Pilbara, seven species were recorded
011b): 

(Western rainbowfish) 

s tandan, eel-tailed catfish) 

ur (spangled perch) 

us (Fortescue grunter) 

barred grunter) 

athead goby) 

ream). 

perch, and the barred grunter were the most commonly 

widespread in Australia; however, the Fortescue grunt
Pilbara Region of Western Australia.  The Fortescue gr
pper Ashburton (Nicholls Spring) river systems but is re
011b).  This species is currently listed as ‘Lower Risk/ne
ervation of Nature (IUCN) Red List of Threatened Spec
ager 1996). 

restricted to the hyporheoic zone (the region beneath a
g of shallow groundwater and/or surface water) or occa

Pilbara region.  The two most important factors that con
ude sediment porosity (which influences interstitial volu
at area]) and hydraulic conductivity (which influences in
oxygen content, temperature and organic matter storag

hyporheic zone during the dry 2009/wet 2010 survey co
ssified as stygoxene (species that spend part of their li
ot have specialised adaptations for groundwater, with 

auna.   

d from the hyporheic zone along Caves and Duck cree
M 2011b).  Similar to results from the previous sampling
stygoxene (approximately 80%).  The collected taxa we
ed occasional hyporheos stygophiles (10%), stygobites 

rgrass Expansion Project 

nd ecosystem 
six stages : 

 of data is still being 
t ecological 

ates and hyporheic 
including nutrients, 

d in the four stages 

recorded species. 

ter has a relatively 
unter is only known 

easonably common 
ear Threatened’ on 
cies although this 

and alongside a 
asional hyporheos 
trol hyporheos 

ume and surface 
nterstitial flow and 
ge) (WRM 2011a). 

ollected a total of 
ifecycle in a 
the remaining 10% 

ks, during the 
g period, the majority 
ere considered to be 
(species restricted 



 

PIR09174.01  Nammuldi Silvergrass PER Rev 3  

22-Jun-12  

to groundwater and/or hyporheic 
A summary of the potentially hyp
Table 22. 

Table 22 Summary of potential 

Possible hyporheic status Phylum
Phylum

Stygobites Crustac

Ostraco

Occasional hyporheos 
stygophiles 

Copepo

Ostraco

Collemb

Insecta

Possible hyporheics Nemato

Annelid

Source: WRM 2011b 

 

Microinvertebrates 

Approximately 116 microinverteb
Boolgeeda Creek during the dry 2
are known to be Australian endem
and Copepods Eucyclops austra
endemism of microinvertebrate fa
Creek and Duck Creek, with Aus
Significant variation was noted in
seasonal variation was detected 

The dry 2010/wet 2011 survey re
endemic species including Rotife
Mesocyclops cf. Darwini, and Me
recorded along Caves Creek, pa
both Caves and Duck creeks dur
recorded along Caves Creek, Du

During the dry 2010 sampling, an
identified to species level based o
Brachionus ibericus (Spanish mo
(WRM 2011b).  Additional morph
determine if this species is of con

As with the earlier survey period,
on abundance data) between the
was noted in data (WRM 2011b).
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environments) (6%), or possible hyporheic species (2%
porheic species collected from the Greater Nammuldi A

hyporheic fauna collected from Caves and Duck creek

m/Sub 
m 

Sub Class/Order Family Gen

cea Amphipoda - Meli

Para

oda - Candoninae Area

oda Cyclopoida Cyclopidae Micr

Ther

oda - Darwinulidae Vest

bolla - - Ento

Podu

Sym

a Coleoptera Hydraenidae Hydr

Scirtidae Scirt

oda - - Nem

da Oligochaeta - Oligo

brate taxa were recorded in Caves Creek, Duck Creek, 
2009/wet 2010 survey (WRM 2011a).  Of the species c
mic species, including Protist Difflugia australis, Rotifer
liensis, Mesocyclops cf. Darwini, and Mesocyclops not
auna collected during this sampling period was similar 
tralian endemic speices collected from all reaches of th

n the assemblage composition between the two system
in the assemblage composition (WRM 2011a). 

ecorded 131 microinvertebrate taxa, five percent of whi
ers Brachionus cf. ibericus and Lecane noobijupi, and C
esocyclops notius.  The Australian endemic Mesocyclop
rticularly at Palm Springs and Homestead; and had be
ring the previous sampling period.  The Rotifer Lecane 
uck Creek, Boolgeeda Creek, and the Beasley River. 

n undescribed brachionid rotifer was recorded, which c
on morphology.  The specimen was observed to close

orphotype) and is likely a new species of rotifer, endem
hological description and/or genetic analysis would be r
nservation significance. 

 a signficiant difference was apparent in assemblage c
e creek systems, however, no variation in assemblage 
.   
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%) (WRM 2011b).  
Area is provided in 

ks 

era 

itidae sp. 

amelitidae sp. 

acandona sp. 

rocyclops varicans 

rmocyclops sp. 

talenula sp. 

omobryoidea spp. 

uroidea spp. 

mphypleona spp. 

raena sp.  

tidae spp.  

matoda spp. 

ochaeta spp. 

Palm Springs and 
collected, only 4% 
ra Lecane noobijupi, 
tius.  The level of 
for both Caves 
he creek systems.  

ms, however, no 

ch are Australian 
Copepods 
ps cf. Notius was 
en recorded along 
noobijupi was 

ould not be 
ly resemble 

mic to the region 
required to 

composition (based 
between seasons 
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Macroinvertebrates 

Sampling conducted during the d
from the Greater Nammuldi Area
systems around the world, with s
(WRM 2011a).   

The majority of macroinvertebrate
dominant orders being Diptera (3
Odonata (12.2%) (WRM 2011a). 
this sampling period between site
seasonal variation in numbers sa
the wet season. 

A total of 244 macroinvertebrate 
As with the previous sampling pe
around the world.  Of the collecte
Australia and 3% endemic to the 
the IUCN Redlist of Threatened S
Pilbara pin dameselfly Eurysticta 

The Pilbara emerald dragonfly wa
wet season, the Pilbara emerald 
downstream of the confluence wi
known from no more than five loc
pools on the Fortescue River and

The Pilbara pin damselfly has a s
Fortescue River and on Millstrea
species was recorded at eight sit
Caves Creek) and on Beasley Ri

As outlined in Table 23, some se
the dry and wet season. 

Table 23 Macroinvetebrates rec

Macroinvetebrates 

Cnidaria (freshwater hydra) 

Nematoda (round worms) 

Nemertea (ribbon worms) 

Macro-Crustacea (side swimmers) 

Oligochaeta (aquatic segmented wor

Mollusca (snails) 

Hydracarina (water mites) 

Coleoptera (aquatic beetles) 

Diptera (two-winged flies) 

Ephemeroptera (mayflies) 

Hemiptera (true bugs) 

Lepidoptera (moths) 

Odonata (dragonflies & damselflies) 

Trichoptera (caddis-flies) 

Total number of taxa 

Source: WRM 2011b 
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dry 2009/wet 2010 survey collected a total of 196 macro
a (WRM 2011a).  The composition of these taxa is typic
species richness comparable to similar water bodies in 

es recorded during this period were from the Insecta p
33.8%), closely followed by Coleoptera (32.2%), Hemip

 No significant difference in the abundance of taxa wa
es at Palm Springs, Homestead, Caves Creek and Duc
ampled was observed, with a higher abundance of taxa

taxa were recorded during the dry 2010/wet 2011 surv
eriod, the majority of taxa recorded are common to fres
ed species, approximately 2% are considered to be end
Pilbara.  Two species collected during this sampling p

Species: the Pilbara emerald dragonfly Hemicordulia k
a coolawanyah.   

as recorded at one site on Duck Creek during the dry s
dragonfly was recorded at five sites on Duck Creek (bo
ith Caves Creek) and at Homestead during the wet per
cations in the Pilbara region within an area smaller than
d within the Millstream Chichester National Park (WRM

similarly restricted distribution (less that 500 km2), with 
m Station (WRM 2011b).  During the dry 2010/wet 201
tes on Duck Creek (both upstream and downstream of 
ver. 

easonal variation in the number of taxa recorded was o

corded in Duck and Caves creeks (dry 2010/wet 2011 s

No. of taxa 

Dry 2010 Wet 2011 

1 1 

1 1 

1 0 

0 1 

ms) 1 1 

5 8 

2 2 

48 58 

44 59 

4 5 

25 28 

2 4 

20 17 

12 12 

166 197 

rgrass Expansion Project 

oinvertebrate taxa 
cal of freshwater 
the east Pilbara 

hylum, with 
ptera (13.3%), and 
as recorded during 
ck Creek.  However 
a recorded during 

vey (WRM 2011b).  
shwater systems 
demic to Western 

period are listed on 
koomina and the 

season.  During the 
oth up and 
riod.  This species is 
n 500 km2, including 

M 2011b).   

records from the 
1 survey, this 
the confluence with 

bserved between 

survey) 
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8.2.4 TEC hydrology 

The TEC adjacent to the Silvergr
local surface runoff from a small 
catchment is approximately 54 km
TEC (39 km2) and the flat sheetfl
this catchment (i.e. the area east
catchments is conveyed through 

• northern creek, which is
events and/or surface w

• central creek, which rec
or 20 km2) 

• southern creek, which lie
originating from the sout

The northern creek in the TEC do
the 2, 5 and 10 year ARI events. 
rainfall during smaller storm even
year ARI or greater events (Rio T
covers only a very small proportio
rainfall would be the more domin

An analysis of flood magnitudes 
would flood the TEC (Rio Tinto 2
produced water ponding on the T

A review by the University of New
Pilbara determined that Themeda
was based on a consideration of 
sustained by incidental rainfall an
magnitude flood events.   
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rass deposit on the Caves Creek floodplain is a very fla
catchment to the east and south.  The TEC surface wa
m2, which consists of hill slope catchments to the south
ow area (15 km2) (Figure 43) (Rio Tinto 2010e).  The e
t of the TEC) will be disturbed for mining.  Runoff from 
the TEC via three channel systems: 

s likely to be activated by Caves Creek during 20 year A
water runoff sourced from the eastern slopes 

eives runoff sourced from the eastern slopes (37% of t

es just inside the southern boundary of the TEC and is
thern valley slopes (30% of the entire catchment or 16

oes not receive surface water runoff from the eastern v
 Hence the northern half of the system is likely to be s

nts (up to 10 year ARI) and will be influenced by Caves
Tinto 2012).  Flooding of the southern and central creek
on of the TEC during the 2 and 5 year ARI events, sign
ant water source for the system on an annual basis. 

along Caves Creek predicted that a 20 year ARI flood 
010e).  This modelling determined that these events a

TEC for a duration of approximately 10 days. 

w South Wales (Ingram 2011) into water use of Theme
a predominantly relies on rainfall for growth and produc
rooting depth and growing season.  This indicates that

nd periodically submerged by Caves Creek during 20 y
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at area that receives 
ater runoff 
h and east of the 
eastern portion of 
hill slope 

ARI or greater storm 

the entire catchment 

s fed by runoff 
.2 km2)..   

valley slopes during 
ustained by incident 

s Creek -during 20 
ks from runoff 
nifying incident 

event or larger 
re likely to have 

eda triandra in the 
ction.  This review 
t the TEC is 

year ARI and larger 
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8.3 Potential sources 

The following aspects of the Expa

• dewatering at Silvergra
which would potentially 
lower the water levels of
availability for riparian ve

• discharging surplus w
flow channel and could 
modify the hydrological 
vegetation and aquatic f

• constructing the chann
conditions, including the

• modifying landforms t
flows, which may indirec
vegetation sensitive to in
prolonged) 

• runoff from disturbed 
transport to watercourse

• contamination of surfac
within mining areas. 

Potential impacts of contaminatio
Indirect impacts on vegetation fro

The effect of linear infrastructure 
not involve addition of substantia
As described in Section 3.3.11, th
watercourses, and only deliver th
to occur from the IAA and impact

8.4 Assessment of lik

8.4.1 Dewatering 

Section 7.4.1 identifies that the e
water features or groundwater-de
the quality of surface water given

Dewatering at Silvergrass will res
Creek for approximately 15 km.  
the watercourse where the groun

No permanent waterholes (i.e. gr
2 m groundwater drawdown cont
not expected to be affected given
saturate the alluvium.   
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 of impact 

ansion Proposal may affect surface water values: 

ass will result in drawdown in the superficial aquifer alo
modify the baseflow conditions of the watercourse and
f semi-permanent pools, affect aquatic fauna habitat an
egetation 

water into ephemeral watercourses will saturate alluvium
initiate the merging of existing smaller pools, which wo
regime (quantity and quality) thereby affecting perman
fauna habitat 

nel diversion in Caves Creek at Silvergrass may alter
e water levels, flow direction and velocities, of the creek

hrough construction of pits, dumps and infrastructure m
ctly affect flow dependent vegetation (where flows are 
nundation (where flows are increased and/or ponding i

areas and overburden dumps may result in increase
es 

ce water is possible from suspended solids, hydrocarb

on from AMD and other mineral wastes are discussed i
om changes to surface water are discussed in Section 

on sheetflow has not been considered as the Expansi
al linear infrastructure in proximity to sheetflow-depende
he IAA been designed to avoid sensitive receptors in p

he volume of water that crops can utilise.  Therefore, ru
ts to surface water from the IAA have not been conside

kely direct and indirect impacts 

extent of groundwater drawdown at Nammuldi will not a
ependent ecosystems.  Therefore dewatering at Namm
n that the existing watertable is well below ground level

sult in the 2 m groundwater drawdown contour extendin
The drawdown has the potential to affect the hydrologi

ndwater interacts with the alluvium and pools along Cav

roundwater-fed waterholes) have been identified within
tour.  Transient pools that develop along the creek afte
n the formation of these pools requires rainfall events to

rgrass Expansion Project 

ng Caves Creek 
d has the potential to 
nd reduce water 

m of the creek low 
ould potentially 
ent pools, riparian 

r the existing flow 
k system 

may affect surface 
reduced) or affect 
s introduced or 

ed sediment 

bon spills, AMD 

n Section 12.  
9. 

on Proposal does 
ent communities.  

proximity, including 
unoff is not expected 
ered. 

affect any surface 
muldi will not affect 

. 

ng along Caves 
ical conditions of 
ves Creek. 

n the extent of the 
er heavy rainfall, are 
o sufficiently 
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However, the increased infiltratio
duration of water in the creek.  S
movement (interflow) after flood e
capacity produced by the dewate
water quality shown to deteriorate
reduction to the duration of of wa
water compared to natural condit

Aquatic fauna species are not ex
drawdown and all species have b
2011b).   

8.4.2 Discharge of surplus

The surplus water management s
preferentially be used on-site or b
water to the Hamersley Pastoral 
Hamersley Pastoral Station has b
will have up to 40 pivots that can

The Original Proposal included c
subsequent studies (Rio Tinto 20
would modify the hydrological ch
Duck Creek is considered to prov
likely to occur from two discharge

Discharge modelling estimated th
100 and 200 ML every day until s
showed that the flow would be en
discharge of 200 ML/day in Reac
low flow channel capacity in som
not anticipated (Rio Tinto 2011d)

Modelling of the discharge footpr
steady state discharge of 20 ML/
The distance is influenced by the
via infiltration.  However, flows ab
groundwater system, facilitating i
downstream at a slower rate (Tab

Modelling of the discharge footpr
continuous and modelled until the
conditions in the modelling is con
discharge regime, which will inclu
allow for local variations in climat
evapotranspiration rates.   

The conceptual surplus water dis
Yandicoogina Junction South We
review were subsequently include
modelling for the Nammuldi Silve

                                                   
3
 The discharge footprint is the maxim

saturated after a period of continuo
constant surface water flow. 
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on capacity within the creek alluvials has the potential to
imilarly, water in the creek sustained as a result of sub
events will also have reduced durations due to the incr

ering activities.  Surface pools in the creek are naturally
e during the dry season due to increased evaporation. 

ater in the creek is not expected to affect the water qua
tions. 

xpected to be affected as no species is restricted to the
been consistently recorded throughout the Greater Nam

s water 

strategy (presented in Section 3.3.10) identifies that all
by the surrounding operations of Rio Tinto which includ
Station for irrigated agriculture.  The irrigated agricultu
been designed to operate in response to a varying volu
 be used.  

ontinuous discharge of surplus water to Duck and Cav
011d, 2010e) determined that discharge of surplus wate
aracteristics of this creek the lest.  Therefore, restrictin
vide a better environmental outcome.  The discharge o
e points shown on Figure 18. 

he width and depths of flows at continuous discharge v
steady state was reached (Figure 45).  For all cases, th
ntirely contained within the low flow channel.  The exce
ch 1 (scenario considered unlikely) where the volume w
e locations along the reach, however overtopping of th
.  

rint
3
 downstream of the Duck Creek discharge points id

/day is expected to travel over 80 km down the creek (R
e number of springs and associated gaining reaches tha
bove 20 ML/day would extend over reaches disconnec
ncreased volume loss via infiltration, and the footprint 
ble 24).   

rint was undertaken using a steady state model, where
e discharge footprint remains constant.  The use of ste
nsidered conservative as it does not take into account t
ude periods of drying between discharges.  In addition,
te which, especially during summer months, will increa

scharge model was reviewed by SKM as part of the Rio
est and Oxbow Iron Ore Project.  Changes recommend
ed in the conceptual model and this was then used in t

ergrass Expansion Project. 

       

mum possible extent of surface water expression where the cr
ous discharge once steady state conditions are established, b

rgrass Expansion Project 

o reduce the 
b-surface water 
reased infiltration 
y transient, with 
 Therefore the 
lity of the surface 

e area subject to 
mmuldi Area (WRM 

l water will 
des transferring 
re scheme on 

ume of water and 

ves creeks but 
er to Duck Creek 

ng discharge to only 
of surplus water is 

volumes of 10, 50, 
he modelling 
eption to this is a 
would exceed the 
he creek banks is 

dentified that a 
Rio Tinto 2011d).  
at limit water loss 

cted from the 
would extend 

 discharge rates are 
eady state 
the periodic 
, the model does not 
se evaporation and 

o Tinto 
ded as part of that 
the discharge 

reek bed may become 
but may not have 



 

PIR09174.01  Nammuldi Silvergrass PER Rev 3  

22-Jun-12  

Table 24 Predicted discharge fo

Continuous discharge volume 
modelled (ML/day) 

15 

20 

50 

100 

150 

200 

*this modelling was conducted under
discharge point, not two discharge po

 

The predicted average daily volu
Creek is shown in Figure 44.  Ov
a result of dewatering exceeding 
the 20 ML/day threshold for a tota
during 2015 to 2017.  Of this, the
years.  These predictions do not 
events or emergencies that may 
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ootprint at different discharge volumes 

Maximum discharge footprint (km)* 

30 

83 

109 

124 

140 

157 

r the assumption that all water would be discharged from a sin
oints as per the Expansion Proposal (i.e. worst case scenario)

me of surplus water expected to be discharged each m
ver the life of the mine (17–20 years), the predicted ave

the volume of water that can be used in the IAA is exp
al of 17 months over an eight year period, which will pr

e predicted discharge will exceed 40 ML/day for nine m
include short-term events, such as the release of wate
temporarily interrupt operation of the pipelines or IAA. 
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ngle downstream 
) 

month to Duck 
erage discharge as 
pected to exceed 
redominantly occur 
onths over six 

er due to rainfall 
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Predicted average discharge volumes

Figure 

44

s
t
r
a
t
e
g
e
n
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The irrigated agricultural project w
use requirements while minimisin
groundwater recharge and nutrie
saturated, surplus water from dew

The discharge of surplus water d
natural water cycle of the riparian
indicate there is renewed capacit
the IAA.  The discharge of water 
volume compared with natural flo
Creek has been modelled at 50 m
substantially greater than the pea
expected in 2016.   

The expected recovery of the Du
of either a single or a series of flo
The modelled behaviour of each 
Table 19 for a summary of chara
expected to drop quickly once dis
weeks.  In some of these reaches
the previous reach.  At reaches 2
slower release of water from poo
reaches prior to discharge being 
sustained for a number of months
from upstream. 

The outcomes of disposal of surp
discharges to Duck Creek, that w
term effect on the associated eco
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will be managed to irrigate at a rate commensurate wit
ng the volume of water moving beyond the root zone to
ent leaching.  During, and following heavy rainfall when
watering will need to be discharged to Duck Creek.   

during, and following major rainfall events is expected to
n system.  As soon as rainfall ceases and soil moisture
ty to support irrigation water for plant uptake, water will
to the creek in response to rainfall is expected to contr

ow on an annualised basis.  Natural flow volume from a
m3/s (equivalent to 4.3 GL/day) at the confluence of Ca
ak dewatering rate of approximately 195 ML/day (0.195

ck Creek reaches is considered analogous to the resp
ood/storm events, varying depending on the characteris
reach to discharge (and cessation of) is summarised in
cteristics of reaches).  For a majority of the reaches, th
scharge has ceased, with minor flow and pools dissipa
s, a small amount of flow will be sustained for a longer 
2 and 5, base flow may continue for many months resu
ols and surface aquifers.  If a steady state condition is e

terminated, semi-permanent and permanent pools are
s as a result of localised groundwater level increase an

plus mine water primarily relate to an increased frequen
would mimic the current irregular flow regimes, with no 
osystems. 

 

rgrass Expansion Project 

h the plant water 
o avoid artificial 
 the ground is 

o roughly mimic the 
e measurements 
l be directed back to 
ribute only a small 
a 2 year ARI in Duck 
aves Creek.  This is 
5 GL/day), which is 

onse and recovery 
stics of that reach.  
n Table 25 (refer to 
he water level is 
ating within a few 

time by water from 
lting from the 

established in some 
e expected to be 
nd residual inflow 

ncy of episodic 
significant long-
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Table 25 Response of Duck Cre

Reach During discharge 

1 For peak discharge rates sm
than 200 ML/d, water will lik
contained within the low flow

channel.  At the rate of 200
there is the potential for the
discharged volume to excee
flow channel capacity in som
locations along the reach, h
overtopping of the creek ba
anticipated.  Constant surfa
flows are expected for all m
discharge rates. 

2 Water discharged into the c
likely be contained within th
flow channel, hence overtop
the creek banks is not antic
Continual surface water flow
expected for all modelled d
rates. 

3 Water discharged into the c
likely be contained within th
flow channel, hence overtop
the creek banks is not antic
For peak discharge rates gr
than 60 ML/d, constant surf
flows are expected down th

4 Water discharged into the c
likely be contained within th
flow channel, hence overtop
the creek banks is not antic
For peak discharge rates gr
than 10 ML/d, constant surf
flows are expected down th

5 Water discharged into the c
likely be contained within th
flow channel, hence overtop
the creek banks is not antic
For peak discharge rates gr
than 15 ML/d, constant surf
flows are expected down th

                                                   
4
 Modelling of 2000 ML/d represents 

is highly conservative. 
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eek reaches to discharge 

Following cessation of discharge 

maller 
kely be 
w 

 ML/d
4
, 

e 
ed the low 
me 
however 
anks is not 
ace water 

modelled 

Expected to respond and recover analogous to 
Creek flow will be immediately terminated, allow
start drying out.  Groundwater recharge mounds
previously sustained by the discharge, will dissip
The system is expected to return to natural cond
weeks.   

creek will 
he low 
pping of 

cipated.   
ws are 
ischarge 

Expected to respond and recover analogous to 
events or multiple above average rainfall years. 
Surface flow from the previous reach will termin
a result of the discharge, topographic depressio
have been filled by the surface water flows.  The
continue to contribute flow to the system at a sig
rate.  Thus water availability within the creek is e
elevated for a few months after the discharge is
If steady state conditions were established befo
terminated, semi-permanent and permanent poo
be fed by sub-surface flows associated with a lo
groundwater level as well as residual interflow.  
This water will sustain the pool levels and is like
surface water flow downstream of the pools for 
the creek discharge is terminated, gradually retu
discharge rate and pool depths. 

creek will 
he low 
pping of 

cipated.   
reater 
face water 

he reach. 

Expected to respond and recover analogous to 
Creek flow will be immediately terminated, allow
start drying out.  A small volume of surface wate
from the pools of the previous reach, may be su
time at the start of the reach only.  
Groundwater recharge mounds beneath the cre
sustained by the discharge, will dissipate within 
is expected to return to natural conditions with a

creek will 
he low 
pping of 

cipated.   
reater 
face water 

he reach.   

Expected to respond and recover analogous to 
Creek flow will be immediately terminated, altho
significantly reduced volume of surface water flo
flow from pools for several weeks until the syste
to natural conditions.   

creek will 
he low 
pping of 

cipated.   
reater 
face water 

he reach. 

Expected to respond and recover analogous to 
events or multiple above average rainfall years. 
The water level will drop quickly in response to t
A base flow will continue for many months resul
release of water from pools and aquifers upstrea
If steady state conditions were established befo
terminated, semi-permanent and permanent poo
for many months by sub-surface flows associate
increase in groundwater level as well as residua
Some surface water flows may continue betwee
weeks after the discharge is ceased until the sy
returns to natural conditions. 

       

a scenario beyond the predicted maximum dewatering rate in

rgrass Expansion Project 

a flood.   
wing the creek bed to 
s beneath the creek, 
pate within weeks.   
ditions within a few 

a series of flood 
  
ate immediately.  As 

ons are expected to 
ese pools will 
gnificantly reduced 
expected to remain 
 terminated.    
re the discharge is 
ols will continue to 
ocal increase in 
 

ely to also sustain 
many months after 
urning to the natural 

a flood.   
wing the creek bed to 
er flow, originating 
ustained for a short 

eek, previously 
weeks.  The system 

a few weeks.   

a flood.   
ough a small, 
ow may continue to 
em gradually returns 

a series of flood 
  

the terminated flow.  
lting from the slower 
am of the reach.   
re the discharge is 
ols will be sustained 
ed with a local 
al interflow.  
en pools for several 
stem gradually 

n any year, therefore, 
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Reach During discharge 

6 Water discharged into the c
be contained within the low 
channel, hence overtopping
creek banks is not anticipat
For peak discharge rates gr
than 15 ML/d, constant surf
flows are expected down th

7 Water discharged into the c
likely be contained within th
flow channel, hence overtop
the creek banks is not antic
Constant surface water flow
this reach is expected for pe
discharge rates greater tha
ML/d. 

8 Water discharged into the c
likely be contained within th
flow channel, hence overtop
the creek banks is not antic
For peak discharge rates gr
than 15 ML/d, constant surf
flows are expected down th

9 Water discharged into the c
likely be contained within th
flow channel, hence overtop
the creek banks is not antic
For peak discharge rates gr
than 20 ML/d, constant surf
flows are expected down th

10 Water discharged into the c
likely be contained within th
flow channel, hence overtop
the creek banks is not antic
The footprint distances for a
modelled discharge rates te
at this reach.  However the 
surface geological constrain
suggest that transient flow c
may dominate within this re
Surface water flow could ex
20 km down the reach for th
ML/d discharge (the maxim
modelled).  

Source: Rio Tinto 2011d 

Effect of discharge on surface 

Discharge of groundwater to wate
quality of the groundwater compa
potential to increase erosion, sed

Site specific water quality trigger 
with ANZECC/ARMCANZ (2000)
enhance the ‘ecological integrity’ 
relative abundance, and ecologic
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Following cessation of discharge 

creek will 
flow 

g of the 
ted.   
reater 
face water 

he reach. 

Expected to respond and recover analogous to 
event.  
Surface water flow will cease between pools and
dissipate via evaporation predominantly over the

creek will 
he low 
pping of 

cipated.   
ws along 
eak 
n 15 

Expected to respond and recover analogous to 
event.  
Surface water flow will cease between pools and
dissipate via evaporation and evapotranspiration
weeks.   

creek will 
he low 
pping of 

cipated.   
reater 
face water 

he reach.   

Expected to respond and recover analogous to 
Similar to conditions following the peak of a floo
level will drop quickly in response to the termina
flow will cease.  
No base flow is expected to be sustained after t
flows terminate in the previous reach.  Thus con
to return to a natural state within weeks of the d

creek will 
he low 
pping of 

cipated.   
reater 
face water 

he reach.   
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8.4.3 Caves Creek realignm

Pit 1 extends into the main chann
approximately 2.5 km of the main

The realignment has the potentia
consequently affect water quality
construction of a flood levee betw
a 100 year ARI flood event witho
continue to be conveyed down C
area.  The flood levee will be inst
channel will facilitate diversion of

The realigned channel section wi
consistent with current conditions

• avoids overtopping of w

• minimises infiltration wh
(approximately 10 years

This will help minimise groundwa

Sensitive receptors downstream 
basis of design is to ensure that t
natural channel: 

• flow velocities 

• flow regime 

• sediment transport rates

Provided that these key features,
natural system, all downstream re
approach has been discussed wi

The realignment will be designed
withstand Possible Maximum Flo
with DoW and DEC as part of the
to protect the surrounding enviro
will be provided to DoW. 

Energy dissipation structures ma
control measures may be require
to transition local low flow conditi
downstream natural environment
loads, which may in turn affect do
realignment will be designed to li
ensure any change to water qual
downstream riparian vegetation. 
downstream Themeda grassland

Following completion of mining a
100 year ARI floodplain extent to
modified depending on the impac
be preferentially maintained alon

The management measures that 
Section 8.5. 
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ment  

nel of Caves Creek, which will necessitate a short reali
n channel (Figure 27).   

al to affect flow velocities, which could alter sediment lo
y.  The realignment will move the channel to the north, a
ween the pit and creek.  The flood levee will be designe
ut over topping.  For flood events greater than 100 yea

Caves Creek with some potential loss of water over the 
talled 100 m from the boundary of Pit 1.  Installation of 
f water around the pit. 

ill have a dedicated low flow channel and the channel b
s.  Water will be conveyed in manner that: 

ater into the pit 

ile maintaining stability of underlying materials during t
s). 

ater abstraction volumes and maintain pit wall stability. 

of the realignment are the TEC, Caves Creek and Palm
the following key features of the diverted channel are c

s. 

, measured at the end of the diversion, are comparable
eceptors can be expected to remain unaffected by the 
th, and accepted in principle by, both DoW and DEC.

d to contain a 100 ARI event flow and the structure will 
ood (PMF).  A hydrology assessment will be undertaken
e design process to ensure the long term stability of the
nment.  The results of this assessment and the final en

ay be constructed in the channel to reduce flow velocitie
ed to limit erosion.  The start and end of the realignmen
ons through the realignment with minimal disruption to
t.  The realignment has the potential to alter creek flow
ownstream riparian vegetation and any fauna using this
mit any increase in velocity or sediment-load of the cre
ity or the natural flow regime is unlikely to have any lon
 These design features  will ensure that flooding event

d TEC from the creek are not affected. 

at Pit 1, the northern section of the pit will be backfilled 
o convey flows.  The diversion levee may or may not be
ct of additional disruption and modification to the creek
g the realigned course after closure.   

will be applied in construction of the realignment are s

rgrass Expansion Project 

gnment of 

oad and 
and will require 
ed to accommodate 
ar ARI, flows will 
levee into the mine 
a permanent cut 

bed slope will be 

the life of the pit 

  

m Springs.  The 
comparable to the 

e to those of the 
diversion.  This 

be designed to 
n in consultation 
e infrastructure and 
ngineering design 

es and erosion 
nt will be designed 
o the upstream and 
ws and sediment 

s habitat.  The 
eek, which will 
ng-term effect on 
ts of the 

to within the 
e removed or 
k, such that flows will 

summarised in 
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8.4.4 Landform modificati

To ensure protection of infrastruc
modification of surface water flow

The construction of mine pits and
DEC mapped TEC boundary (Fig
dominantly feed the central creek
reducing flow along the central cr
the southern creek (30% of catch
received by the TEC within the vi
of the TEC boundary is not consi
26%), and will not be affected by 

Management of drainage from m
to the Original Proposal.  All runo
or similar structures to ensure the
and will not affect creek water qu

The Themeda grassland TEC ha
between the southern and centra
primarily comprised of mosaic As
2011a).  These vegetation compl

The plant species within the TEC
and mosaic Astrebla PEC, predo
profile (Biota 2010c), derived from
unsaturated soil conditions and a
the catchment of the central cree
units.The construction of bunds a
directed to prevent flooding or sta
modify catchment characteristics

8.4.5 Surface water contam

The risk of potential hydrocarbon
implementation of management, 
Management Plan, contained in t
include bunding hydrocarbon sto
hydrocarbon usage areas in com
constructed and maintained at th

The risk of surface water contam
management, monitoring and con
contained in the EMP (Appendix 
bunding to reduce surface runoff 
in the pit face and storing waste m

Water discharged from operation
with the ANZECC & ARMCANZ (
Contamination of surface water b
environmental risk given the man

8.4.6 Stormwater runoff 

Natural runoff generated in the P
occur in response to intense stor
areas where the vegetation cove
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ion 

cture and to prevent contamination the Expansion Prop
ws around mine pits and waste dumps.   

d waste dumps at Silvergrass will decrease the surface
gure 62).  Catchment areas to the east of the TEC DEC
k (37% of the catchment) through the TEC DEC bound
reek after rainfall.  The Proposal footprint will not modif
hment) or the northern creek (7% of catchment).  There
icinity of these creeks will not be affected.  The majority
dered to be sustained by the three creek catchments (
the reduced catchment runoff.   

odified landforms from the Expansion Proposal is expe
off from the Expansion Proposal will be diverted to sedi
e sediment load of surface runoff does not increase ab

uality or sedimentation levels downstream.   

as been mapped within the northwest corner of the TEC
al creeks (Figure 14).  The remainder of the TEC DEC b
strebla grasslands including the Astrebla lappacea PEC
lexes are discussed in further detail in Section 9.2.2.   

C DEC boundary, including those comprising the Them
ominately rely on water available within the unsaturated
m direct infiltration of rainfall.  This suggests these spec
are likely to adapt to drought conditions.  The changes 
ek is therefore unlikely to have a signficant impact on th
around waste dumps will result in relatively small volum
anding water occurring.  This construction is not expec

s. 

mination 

n spills and resultant contamination will be minimised th
monitoring and contingency measures as detailed in th
the EMP (Appendix 3).  Management measures to be i
rage facilities, provision of re-fuelling locations, and sta

mpliance with relevant standards.  Hydrocarbon treatme
e workshop and wash-down facilities.   

ination from disharge of AMD will be minimised throug
ntingency measures as detailed in the Mineral Waste M
3).  Management measures to be implemented include
flowing over exposed PAF material and material with e

material in appropriately designed waste dumps. 

nal areas will meet site specific requirements, develope
(2000) guidelines for determining water quality trigger l
by the Expansion Proposal is unlikely to represent a sig
nagement measures to be implemented.  

Pilbara typically has a high sediment load as rainfall eve
ms or cyclones.  Loose material produced from constru
r has been removed may increase the supply of sedim

rgrass Expansion Project 

posal includes the 

e runoff reaching the 
C boundary, which 
dary, will be diverted, 
fy runoff volumes to 
efore, flow volumes 
y of the remainder 
(the remaining 

ected to be similar 
iment settling ponds 

bove natural levels 

C DEC boundary, 
boundary, is 
C (Figure 15)(Biota 

eda grassland TEC 
d zone of the soil 
cies prefer 
in flows reaching 

hese vegetation 
mes of water being 
cted to significantly 

hrough 
he Hydrocarbon 
implemented 
ationary 
ent facilities will be 

h implementation of 
Management Plan, 
e constructing 
enriched elements 

ed in accordance 
evels.  

gnificant 

ents frequently 
uction activities and 

ment and the 
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sediment load in runoff.  Runoff f
before release to the environmen

Runoff from disturbed areas and 
sediment load.  Bunds, sumps an
control surface water runoff and t
mine pits and from the infrastruct

At Nammuldi, a settling pond to t
prior to returning the water to a tr
largely be sourced from the catch
runoff flowing into the tributary is 

Uncontrolled runoff generated wi
sediment ponds, adjacent to the 
surface water control structures w
prevent high sediment load wate

The sediment load and character
significantly modified due to dive
events. 

8.5 Management me

Surface water values within the G
following measures: 

• implement an Adaptive S
management measures 
an adverse effect on the

• design the creek realign
Springs 

• construct the creek reali
it is completed prior to w

• use sediment retention b
runoff from within the Pr

• hydrocarbons will be tra

• install erosion protection

• continue sampling to co

8.6 Predicted environ

policies, guideline

After application of mitigation me
result in the following outcomes i

• alteration of the current 
result of the discharge o
creek (the implication of

• no significant changes to
range for a number of fa

• realignment of approxim
quality or flow regime m

• no impact on the Theme
reaching the TEC as a r
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rom construction areas will be subject to sediment rete
nt in order to reduce off-site sediment loads in runoff.   

overburden dumps created during the mine life is likely
nd other drainage control structures will be used across
thereby control sediment movement.  Stormwater runo
ture servicing areas will be diverted to settling basins p

he north of Lens A will be used to remove excess sedi
ributary of Duck Creek.  Runoff diverted to the Nammu
hment that naturally contributes runoff to the tributary a
not expected to change as a result of the Expansion P

thin the Silvergrass area will be diverted to a number o
Silvergrass operation.  These temporary sediment pon
will be built and modified to fit the evolving mine infrast
r returning directly to the environment. 

ristics of the flow to natural drainage lines is not expect
rsion of runoff to settling ponds and subsequent releas

asures and performance standards 

Greater Nammuldi Area will be protected through imple

Surface Water Management Plan that includes monito
as well as contingency measures to ensure that disch

e water quality of Duck Creek  

nment to protect downstream channel, TEC, water qual

ignment channel prior to the ‘cut-over’ from the old cha
water being conveyed through it 

basins to remove excess sediments prior to the release
roposal Boundary to the environment 

ansported and stored in accordance with Australian Sta

n at stormwater and surplus water discharge points 

nfirm water quality in creeks is not compromised. 

nmental outcomes against environmental o

es, standards and procedures 

easures described in Section 8.5, the Expansion Propos
n relation to surface water: 

flow regime by the presence of longer periods of flow i
of surplus water.  Discharge will be restricted to the low
f this for riparian vegetation is described in Section 9.4.

o water quality, which are naturally outside the ANZEC
actors (e.g. dissolved oxygen) 

mately 2.5 km of Caves Creek but with no significant ch
easured downstream from the diversion 

eda grassland TEC as a result of the minor reduction in
result of the Expansion Proposal.  

rgrass Expansion Project 

ention measures 

y to have a high 
s the mine areas to 

off from within the 
prior to discharge. 

ment from runoff 
ldi settling pond will 

and the volume of 
Proposal. 

of temporary 
nds and associated 
ructure layout to 

ted to be 
se during storm 

ementation of the 

ring and adaptive 
arge does not have 

lity and Palm 

annel to ensure that 

e of stormwater 

andard 1940:2004 

objectives, 

sal is expected to 

n Duck Creek as a 
w flow channel of the 
.4) 

CC & ARMCANZ 

ange to the water 

n volume of flow 
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9. Assessment of

9.1 Relevant environm

procedures 

9.1.1 EPA objective 

The EPA applies the following ob
flora: 

To maintain the abundance, spec
and ecosystems levels through th
knowledge. 

9.1.2 EPA statements and 

EPA Position Statement No. 2 

EPA Position Statement No. 2 (E
native vegetation in Western Aus
diversity will include the following

• comparison of project sc
ecosystems levels, and 
disturbing native vegeta

• no known species of pla
and the risks to threaten

• no association or comm
project 

• there is a comprehensiv
within and/or in areas bi

• if the proposal is large (i
project area itself should
and linking corridors wh

• the on-site and off-site im
these impacts can be m

EPA Position Statement No. 3 

EPA Position Statement No. 3 (E
proposals that may have an effec

EPA Guidance Statement No. 5

EPA Guidance Statement No. 51
flora and vegetation surveys, par
proposals. 
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f impact on vegetation and flora 

mental objectives, policies, guidelines, stan

bjectives to the assessment of proposals that may affec

cies diversity, geographic distribution and productivity o
he avoidance or management of adverse impacts and 

guidelines 

EPA 2000a) provides an overview of the EPA position o
stralia.  In assessing a proposal, the EPA consideration
g basic elements: 

cenarios, or options, to evaluate biodiversity protection
demonstration that all reasonable steps have been tak

ation 

ant or animal is caused to become extinct as a consequ
ned species are considered to be acceptable 

unity of indigenous plants or animals ceases to exist a

ve, adequate and secure representation of scarce or en
ologically comparable to the project area, protected in 

in the order of 10 – 100 ha or more, depending on whe
d include a comprehensive and adequate network of co
ose integrity and biodiversity are secure and protected

mpacts of the project are identified and the proponent d
anaged. 

EPA 2002a) discusses the principles the EPA would ap
ct on biodiversity values in Western Australia. 

51 

 (EPA 2004c) provides guidance on standards and pro
rticularly those undertaken for the Environmental Impac

 

rgrass Expansion Project 

dards and 

ct vegetation and 

of flora at species 
improvements in 

on the clearing of 
n of biological 

 at the species and 
ken to avoid 

uence of the project 

as a result of the 

ndangered habitats 
secure reserves 

ere in the State) the 
onservation areas 

d 

demonstrates that 

pply when assessing 

otocols for terrestrial 
ct Assessment of 
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9.1.3 Regulatory framewo

State protection 

In a legislative context, the prese
primarily by the following Wester

• Wildlife Conservation Ac

• Conservation and Land 

The DEC (Nature Conservation D
Priority One to Four (Table 26).  T
be managed such that the specie

Table 26 Categories of conserv

Priority Description 

Priority 1 Poorly Known Taxa
(generally <5) popu

Priority 2 Poorly Known Taxa
(generally <5) popu
to be under immedi

Priority 3 Poorly Known Taxa
populations, and the
threat. 

Priority 4 Rare Taxa: taxa wh
surveyed and which
currently threatened

 

Threatened Ecological Communi
communities with insufficient info
currently threatened, are placed o
(PECs). 

Australian Government protec

The Australian Government EPB
Australia became a signatory to t
Fauna and Flora (CITES).  An off
by SEWPAC.   The current list di
both. 

9.2 Description of fac

The Greater Nammuldi Area has
map the vegetation communities 
communities and flora species of
Greater Nammuldi Area are show
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ork  

ervation and conservation of flora and ecological comm
n Australian legislation: 

ct 1950 (WA) (WC Act), which specifies Declared Rare

Management Act 1984 (WA). 

Division) Priority Flora List also nominates conservation
The potential impacts of a proposal on these Priority lis
es do not meet the IUCN criteria for threatened species

vation significance 

a: taxa which are known from one or a few 
ulations which are under threat. 

a: taxa which are known from one or a few 
ulations, at least some of which are not believed 
iate threat. 

a: taxa which are known from several 
e taxa are not believed to be under immediate 

hich are considered to have been adequately 
h, whilst being rare (in Australia), are not 
d by any identifiable factors. 

ties (TECs), as listed by the DEC are of high significan
ormation available to be considered a TEC, or which ar
on the Priority list and referred to as Priority Ecological

ction 

BC Act protects species listed under Schedule 1 of the A
the Convention on International Trade in Endangered S
ficial list of these endangered species is prepared and 
ffers from the various State lists; however, some speci

ctor 

 been subject to a number of flora and vegetation surv
and document flora species present as well as to iden

f conservation significance.  The key flora and vegetati
wn in Table 27. 

 

rgrass Expansion Project 

munities is covered 

e Flora (DRF) 

n species from 
sted species should 
s. 

nce.  Ecological 
re rare but not 
l Communities 

Act.  In 1974, 
Species of Wild 
is regularly updated 
es are common to 

veys undertaken to 
ntify any vegetation 
on surveys of the 
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Table 27 Vegetation and flora s

Survey 

Homestead Exploration Lease Biolog

Nammuldi Trial Operation Vegetation

Nammuldi / Silvergrass Soils, Vegeta

Nammuldi/Silvergrass Transport Corr

Botanical Survey Work for Silvergras

Botanical Survey Work for Nammuldi

Botanical Survey Work for the B4R R

Various rare flora searches conducte

Vegetation and Flora Survey of the A
Operation) for the Brockman Syncline

Regional Survey for Ptilotus sp. Broc

Vegetation and Flora Survey of Namm

Nammuldi Infill Areas Vegetation and

Vegetation and Flora Survey of Silve

Themeda Grasslands Threatened Ec

Flora and Vegetation Survey of the G

 

In addition, Rio Tinto has conduc
that provides a considerable refe

The combined coverage of these
existing vegetation and flora in th
to BS4 will be subject to flora and
these surveys is shown in Figure

9.2.1 Vegetation within th

Vegetation condition 

The region has been grazed, first
(from lightning strikes) as well as
and historical threatening proces

The majority of vegetation comm
particularly areas away from histo
of grazing was apparent in the lo
on the flats and clay plains (inclu
condition (Biota 2010c). 

Mattiske (2011) found the vegeta

Vegetation units 

A broad area in the vicinity of the
number of surveys to date (appro
developed an integrated vegetati
mapping units are presented in T
previous mapping.  Vegetation m
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urveys of Greater Nammuldi Area  

Refere

gical Survey Report Hame

n and Flora Survey Halpe
1998 

ation and Flora and Soils Survey  Halpe
1999a

ridor Vegetation and Flora Survey  Halpe
1999b

s West – Marra Mamba Evaluation Drilling Pilbara

i- Lens A&B Pilbara

Regrade & B4R Rail Construction Camp Pilbara

ed by Pilbara Iron botanists Pilbara

Approved Powerline Corridor (East of Brockman 
e 4 Project 

Biota 2

kman, Aluta quadrata and Geijera aff. salicifolia Biota 2

muldi Expansion Areas Biota 2

d Flora Survey  Biota 2

rgrass West Biota 2

cological Community – Phase 1 Botanical Survey Biota 2

Greater Nammuldi Irrigated Agriculture Survey Area Mattis

cted a significant number of targeted searches for DRF
erence for the distribution of these species. 

e flora and vegetation surveys has enabled a detailed u
he Greater Nammuldi Area.  The area required for the p
d vegetation surveys prior to the construction of the roa

e 16. 

he Greater Nammuldi Area 

tly by sheep then (since 1970) by cattle.  Grazing and 
s construction and clearing in relation to mining activitie
ses to flora and vegetation in the area. 

unities were generally found to be in Very Good to Exc
oric disturbance sites such as the B2 camp and access
wer foothills and slopes near Silvergrass and dense gr
ding the Themeda grasslands TEC) resulting in vegeta

ation within the IAA to range in condition from Very Goo

e Proposal Boundary has been covered by vegetation m
oximately 58 600 ha).  Biota (2012) reviewed the previo
on mapping system  for the Greater Nammuldi Area.  T

Table 28, which includes the corresponding vegetation 
mapping is shown in Figure 46.   

rgrass Expansion Project 

ence 

ersley Iron 1996 

rn Glick Maunsell 

rn Glick Maunsell 
a 

rn Glick Maunsell 
b 

a Iron 2007a 

a Iron 2007b 

a Iron 2007c 

a Iron 2006 (unpub.) 

2007a 

2007b 

2010a 

2010b 

2010c 

2011a 

ke 2011 

 and Priority Flora 

understanding of 
proposed haul road 
ad.  The extent of 

periodic wild fires 
es; represent recent 

cellent condition, 
s roads.  Evidence 
razing has occurred 
ation of poor 

od to Pristine. 

mapping during a 
ous studies and 
The integrated 
codes from 
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Figure 46c
Nammuldi Silvergrass:

Integrated vegetation types
in the Greater Nammuldi Area

(from Biota 2012)

Plan No: PDE0084435v2
Proj: MGA94 Zone50

Drawn: M.Swebbs
Date: May, 2012
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9.2.2 Conservation signific

The majority of vegetation types 
representative of the Pilbara bior
of high conservation significance
vegetation communities are asso
vegetation communities of the cra

The six vegetation communities o
integrated mapping system deve
range of previously mapped vege
conservation significance ranking
PC10 include vegetation units tha
previously were given a moderate
significance ranking is conservat

The conservation significant vege
restricted landform in the local en
represented communities in the l
Astrebla tussock grassland, whic

Threatened Ecological Commu

The Themeda grassland TEC is d
number of annual herbs and gras
the Silvergrass site, with the large
Station homestead (approximate
main threat to this TEC is conside

The detailed mapping conducted
different grassland communities, 
southern boundary of the Theme
Themeda grassland TEC is repre

Priority Ecological Community

The Astrebla tussock grassland P
by Astrebla lappacea on the New

Detailed mapping of the PEC det
approximately 21 276 ha, which h
(Table 29).  Approximately 6529 
sites (Figure 48).  

The portion of the PEC mapped a
and the continuous portion of PC
remainder of PC6 and small port
comprising PC10.   
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within the Proposal Boundary are considered to be wid
egion.  There are, however, six vegetation communitie
 because of their limited local occurrence or ecological

ociated with the riparian vegetation of major creek lines
acking clay plains (PC6 – 10) (Table 30 and shown in 

of conservation significance described in Table 30 are 
loped by Biota (2012).  As the integrated mapping syst
etation units this has meant that a number of vegetatio
gs have been grouped together.  Vegetation units CD1
at were either not considered to be of conservation sig
e ranking.  To ensure that the approach to assigning co
ive the high ranking has been extended to all of these 

etation communities associated with the cracking clays
nvironment and have several species of grasses that co
ocal area.  The cracking clays contain the Themeda gr

ch may represent the Brockman cracking clay PEC.   

unity  

dominated by the perennial, tussock-forming Themeda
sses.  The TEC occurs at other locations along Caves 
est occurrence on Hamersley Station, located south of
ly 25 km east) (Figure 14).  As this area is located on a
ered to be grazing and trampling. 

d by Biota (2010c) of the area defined as the TEC ident
including around 120 ha of Astrebla lappacea grasslan

eda grassland TEC at Silvergrass (mapping shown in F
esented by Vegetation Unit PC8 at a local scale. 
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PEC is a Priority 1 PEC that comprises rare tussock gr
wman land system (Biota 2011c).   

termined that the extent of the potential Astrebla tussoc
has been rated as having as Good, Mosaic or Margina
ha of the mapped PEC is within the existing TEC boun

as a Good representation is associated with all of Vege
C6.  The area mapped as a Mosaic representation repre

ions of PC9 and PC10 with the area mapped as Margi

rgrass Expansion Project 

despread and 
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l function.  These 

s (CD1) and the 
Figure 47).   

mapped using the 
tem comprises a 
n units with different 
, PC6, PC9 and 
nificance or that 
onservation 
units.   

s represent a 
omprise poorly 
rassland TEC and 

a and includes a 
Creek, upstream of 
f the Hamersley 
a pastoral lease, the 

tified a number of 
nds along the 

Figure 14).  The 

rassland dominated 

ck grassland PEC is 
al representation 
ndaries across three 

etation unit PC7 
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Table 29 Extent of the Astrebla 

Representation Veg units 

Good PC7, PC6  

Mosaic PC6,P C10 

Marginal PC10 

Total  
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tussock grassland PEC 

Extent 
(ha) 

Area within existing 
TEC boundary (ha) 

Area disturbed by 
Expansion Proposal 
(ha) 

10390 6099 0 

8676 229 91 (of which only 
47 ha is from 
vegetation units 
PC6, PC9 and PC10 
(as described in 
Table 30) and 
therefore considered 
to be significant. 

2210 201 0 

21276 6529 91 

rgrass Expansion Project 

Extent disturbed by 
Expansion Proposal 
(%) 

0 

1 

0 

0.4 
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9.2.3 Flora within the Grea

The surveys conducted in the Gr
vascular flora from around 165 ge
recorded.  The most common fam
cassia family), Malvaceae (hibisc
family).  The most species-rich ge
(mulla-mullas) and Cassia (cassi
Pilbara region. 

The flora species recorded within
were the vegetation communities
from 99 genera and 40 families w

Declared Rare Flora 

Two species of Declared Rare Fl
(Hamersley lepidium) and Thrypt
been recorded within the Greater
2010b).  

Suitable habitat for L. catapycnon
plains in the Hamersley sub-regio
recorded from areas that have re
of the Greater Nammuldi Area ha
for L. catapycnon may occur with

T. wittweri is less common than L
Hamersley sub-region.  There is 
species is not expected to occur.

Priority Flora 

Thirteen Priority Flora species ha
Boundary (Table 31 and Figure 4
(Biota 2010b). 

Table 31 Priority flora occurring

Species 

Calotis squamigera 

Sida sp. Hamersley Range 

Abutilon sp. Quobba 

Spartothamnella puberula  

Vigna ? Sp. Central (M.E. Trudgen 16

Astrebla lappacea 

Dampiera anonyma 

Eremophila magnifica subsp. velutina

Glycine falcata 

Gymnanthera cunninghamii  

Indigofera gilesii subsp. gilesii 

Indigofera sp. Bungaroo Creek (S. va

Nammuldi-Silve

151 

ater Nammuldi Area 

eater Nammuldi Area to date have recorded more than
enera and 60 families.  In addition, 14 species of introd
milies recorded were Poaceae (grass family), Fabacea
cus family), Asteraceae (daisy family), and Amaranthac
enera in the Greater Nammuldi Area were Acacia (wat
a/senna).  These families and genera constitute a flora

n the IAA were considered to be representative of the b
s identified in the IAA (Mattiske 2011).  A total of 189 va
were recorded within IAA. 

ora (DRF) are known to occur within the Pilbara; Lepid
tomene wittweri (mountain thryptomene).  To date, neit
r Nammuldi Area or the wider Brockman locality to the 

n occurs in hummock grasslands on low stony hills and
on.  This species is a relatively short-lived low shrub an

ecently been disturbed, persisting for only a few years. 
ave not located any populations to date notwithstanding
hin areas to the west and east of the current Nammuldi 

L. catapycnon, occurring only on high-altitude hilltops fu
no suitable habitat for T. wittweri in the Greater Namm
 

ave been recorded in a variety of habitats during survey
49).  These habitats are generally well represented thro

 in the Proposal Boundary 

Priority Habitat 

Priority 1 Rocky creeks, hillsides an

Priority 1 Rocky slopes 

Priority 2 Rocky slopes 

Priority 2 Rocky loam, sandy, skelet
sand plains and hills 

626)   Priority 2 Edge of flats and alluvial o

Priority 3 Clayey plains 

Priority 3 Rocky slopes 

a  Priority 3 Rocky hills 

Priority 3 Black clayey sand along d
crabhole plains on river flo

Priority 3 Sandy soil along inland wa

Priority 3 Rocky slopes 

an Leeuwen 4301) Priority 3 Creekline and drainage ar

rgrass Expansion Project 

n 600 taxa of native 
duced flora were 
e (wattle, pea and 

ceae (Amaranth 
ttles), Ptilotus 
a typical of the 

broader area, as 
ascular plant taxa 

dium catapycnon 
ther species has 
south (Biota 

d occasionally stony 
nd has often been 
 Previous searches 
g suitable habitat 
mining operation. 

urther east in the 
muldi Area and this 

ys in the Proposal 
oughout the Pilbara 

d floodplains 

tal soils or clay on 

outwash areas 

drainage depressions in 
oodplains. 

atercourses 

reas 
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Species 

Ptilotus subspinescens 

Rhagodia sp. Hamersley (M. Trudgen

Rostellularia adscendens var. latifolia

Sida sp. Barlee Range 

Swainsona sp. Hamersley Station (A

Themeda sp. Hamersley Station (M.E

Goodenia nuda 

Ptilotus mollis  

Introduced flora 

Sixteen weed species have been

• Acetosa vesicaria (ruby 

• Bidens bipinnata (begga

• Cenchrus ciliaris (buffel 

• Cenchrus setiger (birdw

• Citrullus lanatus (waterm

• Conyza bonariensis 

• Cucumis melo subsp. ag

• Datura leichhardtii (nativ

• Eragrostis tenuifolia 

• Flaveria trinervia (speed

• Malvastrum americanum

• Oxalis corniculata (yello

• Portulaca oleracea (purs

• Setaria verticillata (whor

• Sigesbeckia orientalis (I

• Vachellia farnesiana (mi
# denotes species recorded within the

Most of these species are commo
associated with drainage areas b
and Food WA.  Nonetheless, Cen
environmental weeds (Biota 2010

 

Nammuldi-Silve

152 

Priority Habitat 

Priority 3 Stony plains and gentle, ro
calcareous substrate 

n 17794) Priority 3 Minor drainage area 

a  Priority 3 Creekline vegetation 

Priority 3 Rocky slopes 

.A. Mitchell 196)  Priority 3 Cracking clay plains 

E Trudgen 11431)  Priority 3 Cracking clay plains 

Priority 4 Alluvial plains 

Priority 4 Stony hills and screes 

n identified within the Proposal Boundary (Figure 50): 

dock) 

ars ticks)# 

grass)# 

wood grass)# 

melon)# 

grestis (ulcardo melon)# 

ve thornapple) 

dy weed). 

m (spiked malvastrum)# 

ow woodsorrel)# 

slane) 

rled pigeon grass) 

ndian weed) 

imosa bush) #. 

e IAA 

on and widespread throughout the Greater Nammuldi A
but none are listed as Declared Plants by the Departme
nchrus species, ruby dock and mimosa bush are consi
0a; Mattiske 2011). 

rgrass Expansion Project 

ocky slopes with a fine 

Area and usually 
ent of Agriculture 
dered to be serious 
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9.2.4 Riparian vegetation 

Following a preliminary fieldtrip in
riparian vegetation within, and do
2010e, 2011b).  The 2010 and 20
tributary) included undertaking de
characterised the riparian vegeta
undertaken by Rio Tinto designed
reaches of Caves and Duck cree
aerial photography, with final site

Table 32 Reaches of Caves Du

Location Reach 

Caves creek Upper Caves

Silvergrass 

Homestead 

Palm Springs

Confluence Caves Creek 

Duck creek Upper Duck 

Lower Duck 

New Duck (D

Duck Creek 
tributary 

Control 

Donkey Pool 

Creek Morphology 

The riparian vegetation surveys i

1. Broad and shallow creeks
Creek and western reaches

2. Narrow creeks with a dist
occurring at numerous sites

3. Moderately broad to broad
and Caves creeks, as well a

4. Narrow, shallow and poor
along a tributary. 

There were no major changes in 
changes were observed at two si
Creek showed low points which w
streamflow scour occurring befor
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n 2009, Biota conducted baseline flora and vegetation 
ownstream of the Proposal Boundary in 2010 and 2011
011 surveys of Caves Creek and Duck Creek (including
etailed transects of 22 and 16 sites, respectively.  This 

ation for more than 160 km and was part of a comprehe
d to describe the baseline condition of riparian vegetat

ek (Table 32).  The sites were selected prior to the field
e selection based on accessibility and even spread with

ck creeks surveyed in 2010 and 2011 (Biota 2010d, 20

 

s 

/ Duck Creek confluence 

Downstream of confluence 

dentified four general morphology categories: 

s with poorly defined channels: found at the Palm Sp
s of Duck Creek. 

inct channel of 2.5 – 4 m depth: the most common m
s along Caves Creek and Duck Creek above the conflu

d creeks with some channel definition: found at the 
as the eastern end of Duck Creek. 

rly defined channels: found at the Homestead reach o

creek morphology between the two sampling years, ho
ites.  Sites at both the Homestead and Palm Springs re
were not recorded during the 2010 survey, potentially c
re the survey period (Biota 2011b).  

rgrass Expansion Project 

surveys of the 
1 (Biota 2010d, 
g Donkey Pool 
surveying 

ensive program 
tion for the different 
trip on the basis of 

hin each reach. 

010e, 2011b). 

prings end of Caves 

morphology type, 
uence. 

confluence of Duck 

of Caves Creek and 

owever, some minor 
eaches of Caves 
created due to 
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Flora 

The families and genera recorded
dominant families and genera ou
link indentified between morpholo
(Biota 2010e).   

The total number of native specie
2011 than 2010.  This is likely to 
between the two surveys (Biota 2
2010 surveys remained similar (T
species between survey years ca
2011b). 

Table 33 Families with the highe

Family 

Poaceae (grass family) 

Fabaceae (pea, wattle, cassia famil

Malvaceae (malva family) 

Cyperaceae (sedge family) 

Euphorbiaceae (spurge family) 

Convolvulaceae (morning glory fam

Total 

Table 34 Genera with the highe

Genus 

Acacia (wattles) 

Euphorbia (spurges) 

Sida (sidas) 

Cassia (cassias) 

Cyperus (sedges) 

Total 
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d during the surveys were typical of the vegetation of t
tlined in Table 33 and Table 34 respectively.  There wa
ogy of the drainage features and mean species numbe

es recorded, and mean number of species within reach
be a result of the significant rainfall (approximately 400

2011b).  The dominant families and genera recorded d
Table 33 and Table 34), and the differences in the num
an be attributed to the vegetation responses to seasona

est number of native species richness in creek monitor

No. of native species 

2011 2010 

50 23 

y) 35 26 

18 13 

17 6 

12 6 

ily) 12 4 

144 78 

est number of native species richness in creek monitori

No. of native species 

2011 2010 

12 11 

12 6 

6 5 

6 4 

6 4 

42 30 

 

rgrass Expansion Project 

he Pilbara, with the 
as no discernible 

er within reaches 

hes were higher in 
0 mm in the area) 
uring the 2011 and 

mber of native flora 
al variations (Biota 

ring sites 

ng sites 
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Introduced Flora 

A total of 17 introduced flora spec
identified during the creek line su
which recorded 14 weed species
(Section 9.2.3). 

Ten of the introduced flora specie
2011b).  The population of each 
did not result in an appreciable c
higher number of weed species a
the 2011 survey season facilitatin

Table 35 Introduced flora popul

Species 

Avera javanica (kapok) 

Argemone ochroleuca subsp. ochrole
poppy) 

Bidens bipinnata (beggars tick) 

Cenchrus ciliaris (buffel grass) 

Cenchrus setiger (birdwood grass) 

Citrullus colocynthis (colocyth) 

Cucumis melo subsp. agrestis (ulcard

Cynodon dactylon (couch) 

Echinochloa colona (awnless barnya

Flaveria trinervia (speedy weed) 

Malvastrum americanum (spiked mal

Oxalis corniculata (yellow wood sorre

Portulaca oleracea (purslane) 

Setaria verticillata (whorled pigeon gr

Sigebeckia orientalis (Indian weed) 

Sonchus oleraceus (common sowthis

Vachellia farnesiana (mimosa bush) 

Total 

NR = not recorded 

Community structure 

Tree density recorded during the
tree species structure varied betw
Eucalyptus victrix while Duck Cre
the confluence of the two creeks.
Springs reaches of Caves Creek
as Palm Springs, exhibited the hi
typical riparian vegetation profiles
are shown in Figure 52 and Figur

The three dominant riparian tree 
Melaleuca argentea must have a
dependent on groundwater, and 
a water resource (Rio Tinto 2011
the distribution of the differing do
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cies were recorded during the 2011 survey (Table 35).
urvey were similar to species recorded in the IAA by Ma
s typically associated with creek lines and areas with hi

es identified in the 2011 creek survey were not recorde
introduced species generally increased from 2010 to 2
hange to the weed density of any individual introduced
and their individual populations was attributed to the hig
ng the germination growth and spread of weeds (Biota 

ations recorded during 2011 and 2010  

No. of plants 

2011 2010 

NR 2 

euca (Mexican 5 28 

NR 7 

8 39 

NR 26 

NR 2 

do melon) NR 4 

NR 1 

rd grass) 2 9 

13 35 

lvastrum) 23 26 

el) NR 1 

NR 2 

rass) 1 10 

NR 2 

stle) NR 6 

20 19 

72 219 

 2010 and 2011 surveys was broadly similar (Biota 201
ween the different sites with Caves Creek having the h
eek had the highest density for Eucalyptus Camaldulen
.  Melaleuca argentea was present in both the Duck Cr
, with the highest density at Palm Springs.  Permanent
ighest tree density overall for Melaleuca argentea (Biot
s observed at each reach (by Biota 2010e) within the P
re 53. 

species have varying dependence on ground water (T
access to groundwater, while Eucalyptus camaldulensis
Eucalyptus Victrix relies mostly on soil water in the uns
a).  The effect of drawdown on riparian vegetation ther

ominant tree species in areas where substantial drawdo

rgrass Expansion Project 

  Weed species 
attiske (2011), 
gh water availability 

ed in 2010 (Biota 
2011; however, this 
d species.  The 
gher rainfall before 
2011b). 

11b).  The dominant 
ighest density of 

nsis, particularly at 
reek and Palm 
t waterholes, such 
ta 2010e).  The 

Proposal Boundary 

Table 36).  
s is partially 
saturated profile as 
refore depends on 
own associated with 
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the Expansion Proposal has bee
argentea and Eucalyptus camald
Eucalyptus victrix are considered

Table 36 Groundwater depende

Species Cla

Melaleuca argentea Obl

Eucalyptus camaldulensis Fac

Eucalyptus victrix Vad

Source: Rio Tinto 2011a   

Indicators of change 

Comparison of creek surveys und
recorded high values for: 

• total number of native sp

• mean number of native 

• total number of weed sp

The higher number of native and
survey, which encourages translo
morphology, dominant species, c
similar between years. 

Although the surveys monitored t
[stem diameter at 1.3 m above gr
2011 surveys, the differences of 
of time to detect changes.   
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n predicted.  Riparian vegetation communities dominat
dulensis are likely to be affected but vegetation commu
d unlikely to be affected by drawdown. 

ence of dominant riparian tree species within the Great

assification Requirements  

ligate phreatophyte Only occurs in permanently inun
springs and must have access to

cultative phreatophyte Accesses groundwater for part o

dophyte Relies mostly on soil water in the
(vadose zone). 

dertaken in 2010 and 2011 suggest that the 2011 surve

pecies 

species within reaches 

pecies. 

 weed species was generally attributed to higher rainfa
ocation and germination of seed, and plant growth (Bio
community structure and results of floristic analysis (MD

the relationship of the tree height and Diameter at Brea
round level]) of the three dominant tree species during 
the DBH between the two surveys were not considered

 

rgrass Expansion Project 

ted by Melaleuca 
nities dominated by 

er Nammuldi Area  

ndated pools and 
o groundwater. 

of its requirements. 

e unsaturated profile 

ey generally 

all prior to the 2011 
ota 2011b).  Creek 
DS plots) remained 

ast Height (DBH 
both the 2010 and 

d a sufficient period 
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Riparian vegetation profiles of Caves Creek

Figure 

52

s
t
r
a
t
e
g
e
n

PIR09174 01 Figure 52 RevF Apr-2012

 

a) Upper Caves 

 

 

b) Silvergrass 

 

 

c) Homestead 

 

 

d) Palms Spring 

 

Ma = Melaleuca argentea, Ec = Eucalyptus camaldulensis, Ev = Eucalyptus victrix 



 

Nammuldi-Silvergrass Expansion Proposal 

Riparian vegetation profiles of Duck Creek

Figure 

53

s
t
r
a
t
e
g
e
n

PIR09174 01 Figure 53 RevF Apr-2012

 

a) Upper Duck Creek 

 

b) Lower Duck Creek 

 

c) Confluence between Caves Creek and Duck Creek 

 

 

Ma = Melaleuca argentea, Ec = Eucalyptus camaldulensis, Ev = Eucalyptus victrix 
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9.3 Potential sources 

The following aspects of the Expa

• clearing of vegetation 
and the Irrigated Agricul
(including vegetation co
Priority Flora species 

• disruption of sheet flow
dumps, infrastructure an
communities that are su

• dewatering at Silvergra
may affect groundwater-

• discharge of surplus w
the discharge 

• increased vehicle mov
weed species 

• dust generation (simila
vehicle movements has 

As discussed in Section 8.4.3, af
structures, if required) the propos
downstream and thus changes to
vegetation. 

9.4 Assessment of lik

9.4.1 Clearing of vegetatio

The Expansion Proposal will requ
associated mine infrastructure an
irrigated agriculture out of a Prop
58 600 ha.   

Clearing of vegetation will directly
some Priority Flora species.  The
Area are well represented across
affect regional diversity.  Clearing
significance (Table 28) with the la

The Expansion Proposal does no
the remaining vegetation commu
significance will be affected withi

A section (up to approximately 2.
significance) along Caves Creek 
Creek.  This section represents a
(Figure 47).  This vegetation com
160 km extent of riparian vegetat
local or regional abundance or di
the area affected and are likely to
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 of impact 

ansion Proposal may affect flora and vegetation values

for the mining area, infrastructure, channel re-alignme
lture Area will directly reduce the extent of vegetation c
mmunities of local conservation significance) and pote

ws through extension of mine pits, and construction of
nd diversion structures has the potential to have an imp
ustained by sheet flow 

ass will lower groundwater levels in proximity to the pit
-dependent vegetation  

water may alter the composition of vegetation commun

vements and earthworks have the potential to introdu

ar to the Original Proposal) due to earthworks, mining, p
the potential to smother vegetation. 

ter the application of mitigation measures (including en
sed re-alignment to Caves Creek is considered unlikely
o the flow regime will not have an impact on downstrea

kely direct and indirect impacts 

on 

uire clearing of approximately 3900 ha for mine pits, wa
nd facilities (including the re-alignment of Caves Creek
posal area of approximately 26 680 ha, which was in a 

y reduce the local extent of vegetation communities an
e majority of vegetation communities recorded in the G
s the Pilbara region and clearing is considered unlikely 
g will mostly occur within vegetation associations of low
ayout being shown in Figure 47. 

ot include any clearing of vegetation in the Themeda gr
nities, no more than 10% of vegetation units of high co
n the Greater Nammuldi Area (Table 37). 

.5 km) of riparian vegetation community CD1 (High con
will be cleared to allow widening of Pit 1 and the divers

approximately 9% of the mapped distribution of this veg
mmunity is considered to be wide-spread along Caves C
tion sampled by Biota (2011b).  This clearing is not exp
versity as these vegetation associations have been rec

o persist along the creek systems in the region. 

rgrass Expansion Project 

s: 

nt at Caves Creek 
communities 
entially disturb 

f additional waste 
pact on vegetation 

ts and therefore 

nities downstream of 

ce and spread 

processing and 

nergy dissipation 
y to alter flows 
am riparian 

aste dumps, 
), and 2500 ha for 
mapped area of 

nd potentially disturb 
reater Nammuldi 
to significantly 

w conservation 

rassland TEC.  Of 
onservation 

nservation 
sion of Caves 
getation community 
Creek within the 
pected to reduce the 
corded outside of 



 

PIR09174.01  Nammuldi Silvergrass PER Rev 3  

22-Jun-12  

The impact to the Astrebla tussoc
represent this PEC only approxim
(Table 37).  When considered on
grassland PEC in good or margin
mosaic PEC will be only approxim

Table 37 Area of high conserva
Greater Nammuldi Are

Integrated 
Vegetation 
Code 

Habitat 

CD1 Major 
creeklines 

PC6 Clay 
plains 

PC7 Clay 
plains 

PC8 Clay 
plains 

PC9 Clay 
plains 

PC10 Clay 
plains 

The Expansion Proposal is there
vegetation community or affect th

Priority Flora 

As summarised in Table 38, clea
Priority 3 flora species: 

• Eremophila magnifica su

• Gymnanthera cunningha

• Rhagodia sp. Hamersley

• Rostellularia adscenden
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ck grassland PEC will be minimal.  Of the two major ve
mately 8% of PC6 will be disturbed and there will be no
n a regional scale (Figure 15), there will no impact to As
nal representation and the impact to the Astrebla tusso
mately 1% (Table 29). 

tion significance vegetation communities that will be cl
ea. 

Vegetation 
community 

Location Amount 
(ha)  

Amount 
cleared 
(ha) 

Eucalyptus 
camaldulensis, E. 
victrix open 
woodland over 
Acacia 
citrinoviridis tall 
shrubland over 
mixed open 
tussock 
grassland. 

Duck Creek 
and Caves 
Creek, 
Silvergrass 
West (Caves 
Creek) 

520 45 

Astrebla 
elymoides tussock 
grassland. 

Silvergrass 
cracking 
clay 

415 34 

Astrebla 
lappacea, A. 
pectinata tussock 
grassland. 

Silvergrass 
cracking 
clay 

149 0 

Themeda sp. 
Hamersley Station 
(M.E. Trudgen 
11431) tussock 
grassland. 

Silvergrass 
cracking 
clay 

204 0 

Eriachne 
benthamii tussock 
grassland. 

Silvergrass 
cracking 
clay 

55 4 

Aristida latifolia, 
Chrysopogon 
fallax, (Eragrostis 
xerophila, 
Astrebla 
elymoides) 
tussock 
grassland. 

Silvergrass 
cracking 
clay 

539 9 

Total 1882 92 

fore not expected to significantly affect the regional ext
he conservation significant. 

aring associated with the Expansion Proposal may direc

ubsp. velutina  

amii  

y (M. Trudgen 17794) 

ns var. latifolia. 

rgrass Expansion Project 

egetation units that 
o impact on PC7 
strebla tussock 

ock grassland 

eared within the 

Extent 
cleared 
(%) 

9 

8 

0 

0 

7 

2 

 

tent of any 

ctly affect four 
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The Priority 2 taxon Vigna ?sp. c
required to verify the presence of
The layout of the pivots and clea
impacts on these vegetation units

Of these species, Eremophila ma
the majority of occurrences are o
Gymnanthera cunninghamii and 
locations along the creek.  The d
area and therefore the possible d
materially affect the extent of the

Rhagodia sp. Hamersley (M. Tru
community that fringes a drainag
distributed in the local area.  Alth
eastern Hamersley subregion, oc
likely to be a product of the speci
(Biota 2010b).   

The Priority 4 species Goodenia 
occurrence in the Pilbara.  The E
2011).  The layout of the pivots a
these vegetation units.  

On this basis, the Expansion Pro
Flora species. 

9.4.2 Disruption of sheet f

Construction of mine pits and ass
to change surface water run-off p
dependent on sheetflow (particul
Mulga woodlands can reduce the
increase flood inundation time; bo
communities.  Ineffective drainag
been sheetflow, thereby reducing
from the channel, leading to incre

The Expansion Proposal includes
between new mine pits and/or wa
dumps are not situated near any 
dependent communities.  

Vegetation mapping of the heavy
Monitoring of Mulga woodlands a
Angelas and Yandicoogina) does
drainage has had any substantia
1997; Muller 2005; Nickolls 2006
any sheetflow-dependent commu
Tinto studies and proposed mitig

9.4.3 Dewatering 

The only vegetation communities
groundwater-dependent are the r
creeks).  Groundwater drawdown
7.4.1) which does not contain any
proximity to the watertable.  Dew
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entral was recorded within the proposed IAA (although
f this taxon) and recorded within vegetation communitie
ring within the IAA will be planned so as avoid as far as
s. 

agnifica subsp. velutina is widespread to the southwest
outside the area of disturbance.  The species located a
Rostellularia adscendens var. latifolia, have been reco
isturbance to Caves Creek is limited to less than 10% 

disturbance of some occurrences of these species is co
 local population. 

dgen 17794) was recorded at one location in a spinifex
e zone which will be disturbed.  This species is expect
ough poorly vouchered, this species is common across

ccurring primarily within Mulga woodlands.  The conser
ies being poorly vouchered, rather than not being wide

nuda was recorded within vegetation communities M1
Expansion Proposal will not affect the distribution of this
and clearing within the IAA will be planned so as to min

oposal is unlikely to materially affect the conservation st

flow 

sociated infrastructure (in particular, linear infrastructur
patterns and can affect downstream vegetation commu
arly Mulga woodlands).  Barriers to surface water flow 

e volume of water delivered to the area, while down-gra
oth conditions may potentially have detrimental impact

ge management may also channel surface flow that wo
g the volume of water that Mulga woodlands are able to
eased erosion in and around the channel. 

s a haulroad between Nammuldi and BS4, and a netwo
aste dumps.  The network of roads between the mine p
Mulga woodlands and are therefore unlikely to affect s

y vehicle road between Nammuldi and BS4 is still to be
along other Rio Tinto linear infrastructure (railway lines 
s not indicate that the presence of linear infrastructure 
l negative effect on the survival of existing Mulga wood

6; Batini 2008).  The new haulroad is therefore consider
unities that are potentially nearby, given the results from
ation measures including design measures. 

s in the Greater Nammuldi Area that are considered to 
riparian vegetation communities along major creeklines
n at Nammuldi is expected to be confined to the Namm
y major creeklines or groundwater-dependent riparian 

watering at Silvergrass will result in at least 2 m drawdo

rgrass Expansion Project 

h fruiting material is 
es M1, T2 and C2.  
s practicable 

t of Silvergrass and 
long Caves Creek, 

orded at a number of 
of the surveyed 
onsidered unlikely to 

x grassland 
ted to be widely 
s the central-
rvation status is 

ely represented 

, T2 and has a wide 
s flora (Mattiske 
imise impacts on 

tatus of any Priority 

re) has the potential 
unities that are 

up-gradient of 
adient barriers can 
ts on the Mulga 
ould have otherwise 
o intercept away 

ork of roads 
pits and waste 
sheetflow-

e undertaken.  
at Marandoo, East 
and associated 
dlands (Hick et. al. 
red unlikely to affect 
m previous Rio 

be potentially 
s (Duck and Caves 

muldi valley (Section 
vegetation in 
wn for 
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approximately 15 km along Cave
the pre-mining depth to watertab
to fluctuate by at least 5 m in res
Tinto 2010d)].  This is supported 
from below Caves Creek had dep
intense rainfall events (Rio Tinto 
layer approximately 15 to 20 m th
aquifer and the deeper basemen

The extent of the increase in draw
riparian vegetation along this sec
the potential effect of drawdown o

The 2 m drawdown contour (at 20
environmental effects on groundw
is also considered appropriate giv
Tinto 2010b). 

The results from the creekline su
camaldulensis and E. victrix) are 
recorded Eucalyptus victrix as the
section of the creek accesses so
associated with the watertable.  O
for the Original Proposal is unlike

Neither the PEC nor TEC use gro

Table 39 The distribution of the 
Greater Nammuldi Are

Reach 
Within extent 
of 2 m 
drawdown  

Caves Creek 

Upper Caves 
(Figure 52 a)  

Silvergrass 
(Figure 52 b)  

Homestead 
(Figure 52 c)  

Palm Springs 
(Figure 52 d)  

Duck Creek 

Upper Duck 
(Figure 53 a)  

Lower 
(Figure 53 b)  

New Duck 
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es Creek where riparian vegetation is present (Figure 3
le is generally at least 5 m below the surface and this w
ponse to rainfall particularly large rainfall events [typica
by groundwater investigations, which identified that gr

pleted isotopic values, indicating that it was predomina
2010c).  groundwater investigations have also identifie

hick, which is aquitard separating the alluvial surface w
t and lower detritals aquifer.   

wdown compared with the Original Proposal and chara
ction of Caves Creek (Biota 2010e, 2011b) were invest
on vegetation from the Expansion Proposal. 

024 for Figure 34) was used as a threshold for potentia
water-dependent vegetation at Caves Creek.  The 2 m 
ven the margin of error associated with the groundwate

rveys for dominant riparian tree species (Melaleuca ar
presented Table 39.  The transect sites within the 2 m

e overstorey species, which indicates that the riparian 
il moisture from the vadose zone (unsaturated zone) a
On this basis, the increase in the extent of drawdown o
ely to affect the riparian vegetation along Caves Creek.

oundwater and will not be affected. 

dominant tree species along different reaches of the c
ea, and the likelihood that they will be affected by groun

Melaleuca 
argentea 

Eucalyptus 
camaldulensis 

Eucalyptus 
victrix 

Likelihood o
> 2 m groun

   
Unlikely to b
within predic
contour. 

   

Unlikely to b
species and
communities
reliant on gr

   
Unlikely to b
within predic
contour. 

   
Unlikely to b
within predic
contour. 

   
Unlikely to b
within predic
contour. 

   
Unlikely to b
within predic
contour. 

   
Unlikely to b
within predic
contour. 

rgrass Expansion Project 

4).  In this section, 
watertable is known 
ally cyclone (Rio 
oundwater samples 

antly recharged from 
ed an extensive clay 

water fed shallow 

acteristics of the 
igated to determine 

al adverse 
drawdown contour 

er modelling (Rio 

rgentea, Eucalyptus 
m drawdown contour 

vegetation in this 
and is unlikely to be 
over that predicted 
.   

creek system of the 
ndwater drawdown 

of being affected by 
nd water drawdown 

be affected as not 
cted 2 m drawdown 

be affected as 
d vegetation 
s unlikely to be 
roundwater. 

be affected as not 
cted 2 m drawdown 

be affected as not 
cted 2 m drawdown 

be affected as not 
cted 2 m drawdown 

be affected as not 
cted 2 m drawdown 

be affected as not 
cted 2 m drawdown 
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Reach 
Within extent 
of 2 m 
drawdown  

Confluence 

Caves / Duck 
creeks  
(Figure 53 c) 

 

Tributaries to Duck Creek 

Control 
 

Donkey Pool 
 

Adapted from Biota (2011b) 

9.4.4 Discharge of surplus

The discharge of surplus water in
regime for a distance downstream
water availability and ponding/inu
composition abundance of those 
prefer wetter conditions in the cre
period and magnitude of discharg

Statement 558 includes the provi
mine to either Duck Creek or Cav
the frequency that surplus water 
discharges above 20 ML/day are
(Section 8.4.2). 

Ponding and inundation of some 
during periods of surplus water d
tree species within the riparian ve
argentea, are all considered toler
growth, transpiration rate and net
prolonged waterlogged condition

Rio Tinto currently discharges su
riparian vegetation to detect chan
along 10 creeks (Bungaroo, Cave
Yandicoogina, Coondiner, and Ka
Flats) using several different met
results of this monitoring have ind
relatively resilient to the effects o
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Melaleuca 
argentea 

Eucalyptus 
camaldulensis 

Eucalyptus 
victrix 

Likelihood o
> 2 m groun

   
Unlikely to b
within predic
contour. 

   
Unlikely to b
within predic
contour. 

   
Unlikely to b
within predic
contour. 

s water 

nto Duck Creek will saturate the alluvium and modify th
m of the discharge.  The riparian ecosystems may expe
undation during the period of discharge, potentially resu
riparian vegetation communities.  Those species that c

eek systems will be favoured by the discharge dependi
ge. 

ision to discharge up to 18 ML/day of surplus water ove
ves Creek.  The Expansion Proposal will increase the v
is discharged (expected volumes are shown in Figure 

e unlikely to significantly increase the length of the disch

riparian vegetation causing changes in community stru
discharge associated with the Expansion Proposal.  The
egetation; Eucalyptus camaldulensis, Eucalyptus victrix
rant of water logging conditions (Rio Tinto 2011a).  How
t photosynthesis of Eucalyptus victrix may be negative
s. 

urplus water into creeks at other operations in the Pilba
nges in vegetation community structure and compositio
es, Duck, Southern Fortescue, Paraburdoo, Weeli Wol
algan creeks) and two wetland systems (Mt Bruce and
thods (remote sensing, digital cover photography and t
dicated that the riparian eucalypts, including Eucalyptu

of prolonged surplus water discharge (Rio Tinto 2011a)
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of being affected by 
nd water drawdown 

be affected as not 
cted 2 m drawdown 

be affected as not 
cted 2 m drawdown 

be affected as not 
cted 2 m drawdown 

he hydrological 
erience increased 
ulting in altered 
can tolerate or 
ing on the timing, 

er the life of the 
volume and change 
44); however, 
harge footprint 

ucture may occur 
e three dominant 
x and Melaleuca 
wever, the overall 
ly affected by 

ara.  Monitoring of 
on is carried out 
lli, Marillana, 

d Coondewanna 
ransects).  The 

us victrix, are 
.   
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The experience of Rio Tinto in m
will be applied to discharges to D

• gathering baseline inform

• comprehensive studies 
discharge footprints and

• adoption of a periodic di
to the IAA 

• consideration of a numb
of natural conditions, ge

• using a conservative ap
predicted discharge volu
footprint. 

The use of these methods in mon
Management Plan (Appendix 3). 

Any potential effect on riparian ec
released in the first place by limit
discharged into the most suitable
occur in summer during substant
when the surplus water generatio
Section 4.2, Duck Creek is consid
(Boolgeeda and Caves creeks) b
large sections that are wetter and

The dominant riparian tree specie
most of the Pilbara) are Eucalypt
adapted to intermittent surface w
Trees are naturally subjected to f
woody debris during these events
eucalypt species are also able to

Eucalyptus camaldulensis is a 'fa
water requirement, whereas Euc
unsaturated profile (Rio Tinto 201
these species within creek system
discharge.  Increased water avai
such as facilitating seedling recru
Marillana Creek where several m
Eucalyptus camaldulensis) (Rio T
to mature tree death in less tolera
excess water will differ depending
morphology and thus the relative

At Rio Tinto’s Hope Downs 1 ope
camaldulensis and Eucalyptus vi
October 2006 to monitor changes
monitoring were completed prior 
conducted quarterly at points bot

The variability between sampling
10% change in foliage cover dow
ten monitoring sites that occur wi
loss was associated with a fire in
only 10% less than baseline (Rio
discharge outlets recorded a folia
demonstrate similar variability to 
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onitoring and managing the effects of discharging to na
Duck Creek as follows: 

mation for at least three years prior to planned discharg

on flora, vegetation, channels, fauna and water quality
d within reference sites 

ischarge strategy by reusing water on site, at BS4 and 

ber of potential receiving creeks; with decisions based o
eology and relative values at Caves, Duck and Boolgee

proach to modelling by adopting steady state for greate
umes, and adopting baseline survey coverage for the e

nitoring downstream changes is described in detail in t

cosystems will be reduced by managing the volume of 
ting the frequency of discharges to creeks, and ensurin
e watercourse in the area (Section 3.3.10).  Discharge 
tial rainfall, as required during emergencies and during
on exceeds agricultural area irrigation capacity.  As des
dered better suited to accept discharge than the surrou

because below the confluence with Caves Creek, Duck
d the vegetation more adapted to wetter conditions. 

es along Duck Creek downstream of the proposed disc
tus camaldulensis and Eucalyptus victrix (Figure 53).  T

water availability where most of the water is delivered by
flooding, root scouring, high wind speeds and physical 
s and then potentially water logging for several months

o tolerate extended periods of drought.   

acultative phreatophyte' and requires access to ground
calyptus victrix is a 'vadophyte', relying mostly on soil w
11a).  These characteristics influence the patterning an
ms and also their response to mining-related impacts s
lability through discharge may favour some aspects of 
uitment of Eucalyptus camaldulensis (this has been evi

mine dewatering discharge outfalls have led to a signific
Tinto 2011a).  However, increased ponding and inunda
ant species, such as Eucalyptus victrix.  At the local sc
g on the duration of surplus water discharge, the subst

e position of trees to available water. 

eration, the health of dominant riparian eucalypts (Euca
ictrix) has been monitored using digital cover photograp
s to foliage cover for both positive and negative change
to commencement of discharge and monitoring has su

th upstream and downstream of the discharge (Rio Tin

 events is low and has generally remained below the fo
wnstream of the Hope Downs 1 discharge location.  On
ith the discharge footprint has lost more than 15% folia
 late 2008.  Since 2009, this site has been recovering, 

o Tinto 2011a).  During recent monitoring (December 20
age cover within 15% of the baseline foliage cover.  Co
impact sites. 
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atural watercourses 

ge 

y within the 

transferring water 

on the comparison 
eda creeks 

er than maximum 
entire potential 

he Surface Water 

water to be 
ng that water is 
is most likely to 
 winter, in periods 
scribed in 
unding creeks 
k Creek contains 

charge point (and 
These species are 
y cyclonic events.  
damage from large 

s afterwards.  These 

water for part of its 
ater in the 
nd abundance of 
such as creek 
the plant lifecycle 
ident along 
cant increase in 
ation may contribute 
cale, the effects of 
trate and channel 

alyptus 
phy (DCP) since 
es.  Two rounds of 
ubsequently been 
to 2011a).   

ocus trigger value of 
ly one site of the 

age cover and this 
with cover now 

010), sites at the 
ontrol sites 
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Unlike the Hope Downs 1, the Na
water during the majority of the y
generation exceeds the capacity 

The natural periodic flow events 
Increased water flow and ponding
that are not already found in perm

Riparian eucalypts are relatively 
subjected to these impacts as ind
2011a).  The discharge of surplus
anticipated to have a long-term d
results and proposed pattern of d

Downstream of discharge point o
As indicated in Table 35, a wide 
main vector for the spread of wee
drink.  It is therefore considered u
introduced species along the cree

9.4.5 Vehicle movements 

Vehicle movements and earthwo
weed species. 

Strict weed hygiene measures wi
uncleared areas and areas that a
the Weed Management Plan with

9.4.6 Dust generation 

The main sources of dust will be 
and haul roads, from blasting and
(Section 15.2).  The Pilbara is a n
species are unlikely to experienc
2009).  Periodic rainfall events w

The preferred option for transpor
potential for dust emissions.  Dus
may cause some dust fallout on n
any unsealed access or haul road

Modelling has been undertaken t
The predicted maximum was fou
deposition and no adverse impac

Various management measures 
mining operations.  These are lis
Management Plan in the EMP (A

9.5 Management me

Clearing of vegetation will be min
undertaken in a safe manner.  Ma
disturbance authorisation proced
clearing is contained, and environ
aware of the requirement to minim
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ammuldi-Silvergrass Expansion Proposal does not invo
year but periodically discharged during rainfall events, w

of the IAA, and during emergencies or due to rainfall. 

in Duck Creek are already likely to spread waterweeds
g may promote some growth of weeds, but will not intro
manent waterholes within the catchment. 

resilient to the effects of surplus water discharge acros
dicated by monitoring results to date at the other opera
s water into Duck Creek or temporary disposal to other

detrimental impact on riparian tree health based on thes
discharge.   

on Duck Creek the main land use is pastoral, specifical
range of introduced species have been recorded along
eds along the creek is considered to be from cattle com
unlikely that the discharge of surplus water will affect th
ek.   

rks have the potential to increase the risk of introducin

ill be implemented to reduce the risk of weed introduct
are largely weed-free.  Weed management will be unde
hin the EMP (Appendix 3) and the AEMP. 

from earthmoving activities, vehicle traffic on dry unse
d ore handling during mining and liftoff from dust prone
naturally dusty environment, with studies indicating tha
e significant loss of plant function as a result of dust ex
ill naturally mitigate the build up of dust on vegetation. 

t of ore from Silvergrass to Nammuldi is by conveyer w
st emissions from loaded haul trucks between the pits a
nearby vegetation.  Water trucks will be used for dust s
ds and other active dust prone surfaces as required. 

to estimate dust deposition in the vicinity of the Theme
nd to be significantly lower (<5%) than the Rio Tinto st
cts on the vegetation would be expected (Environmenta

will be implemented to reduce dust generation from oth
ted in Section 15.2 and further details can be found in 

Appendix 3). 

asures and performance standards 

nimised, as far as practicable, to allow construction and
anagement measures will include the use of an interna

dure and clear demarcation of areas approved for clear
nmental awareness training is undertaken to ensure th
mise ground disturbance. 
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olve release of 
when surplus water 

s, where present.  
oduce any species 

ss multiple sites 
ations (Rio Tinto 
r local creeks is not 
se monitoring 

ly cattle grazing.  
g the creek.  The 
ming to the creek to 
he distribution of 

g and/or spreading 

ion into adjacent 
ertaken according to 

aled access roads 
e surfaces 
at Pilbara vegetation 
xposure (Butler 
  

which will reduce the 
and the conveyor 
suppression along 

da grassland TEC.  
tandard for dust 
al Alliances 2010). 

her aspects of the 
the Dust 

d operation to be 
al ground 
ring to ensure that 
at employees are 



 

PIR09174.01  Nammuldi Silvergrass PER Rev 3  

22-Jun-12  

Disturbance to vegetation and flo
avoided wherever practicable.  M
include: 

• establishing and demarc
grasslands TEC 

• modifying infrastructure 
significance wherever p

• plan clearing to avoid or
and construction of the C

• implementing a surplus 
discharge and promotes
practicable 

• reuse of surplus water a
and emergencies 

• redirection of surface flo
maintain flow to downstr

• implementation of vehic
construction and constru

• ongoing weed managem
programs as outlined in 

• control of dust fallout on
(Appendix 3) 

• adoption of rehabilitation
Section 14.3. Measures 
seedmix containing loca
region.  

Ongoing studies are being condu
surface water flows and groundw
water.  A number of Digital Cove
Creek at approximately 4 km inte
were also established along Duc
operation of the Expansion Propo
imagery captured over Caves Cre

Monitoring of transects across Ca
As a part of this, the channel cros
Baseline fine resolution (~ 1 m pi
Creek and much of Duck Creek i
captured for years from 2007 to 2
to identify changes in creek and v

As mentioned in Section 7.5, gro
in addition, water level gauges w
Springs.  The data from these mo
dewatering to assist in the interpr
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ora of conservation significance within the Proposal Bou
Management measures to protect and manage vegetati

cating of a 200 m buffer to prohibit disturbance of the T

layout and location to avoid species or vegetation of c
racticable 

r minimise impact on riparian vegetation, where possib
Caves Creek channel re-alignment at Silvergrass 

water management strategy (described in Section 3.3.
s discharge to creek systems more adapted to wetter re

as far as practicable and periodic discharge to creeks d

ows around operations and constructed landforms, whe
ream vegetation 

le hygiene procedures for earth-moving equipment dur
uction phases 

ment at the mine sites and through regular weed monito
the Weed Management Plan in the EMP (Appendix 3)

n vegetation in accordance with the Dust Management 

n strategies for disturbed sites which are discussed in f
include the stockpiling of cleared vegetation and topso

al provenance seed, to help preserve the biological dive

ucted to assess the potential impacts of the Expansion 
water-dependent vegetation; and, to assess options for 
r Photography (DCP) monitoring sites have been estab

ervals.  These have been monitored annually since 200
k Creek.  Monitoring at Caves and Duck creek will con
osal.  The ongoing monitoring results will be compared
eek and Duck Creek in November 2005.   

aves and Duck creeks will be conducted at intervals du
ss sections will be resurveyed to detect any changes in
ixel size) Digital Multispectral Imagery (DMSI) was cap
n November 2005, and additional baseline DMSI imag
2010.  DMSI data capture will be re-run at intervals if d
vegetation cover.  

undwater monitoring will be undertaken along Caves a
ill be used to monitor pool depths at Silvergrass, Home
onitoring programmes may be compared to vegetation 
retation of results. 
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undary will be 
on and flora will 

Themeda 

onservation 

le, during clearing 

.11) that reduces 
egimes, as far as 

during rainfall events 

ere practicable, to 

ring the pre-

oring and spraying 
 

Plan in the EMP 

further detail in 
oil, and use of 
ersity within the 

Proposal on 
managing surplus 

blished along Caves 
08. In 2011, sites 
tinue throughout the 

d to baseline 

uring dewatering.  
n morphology.  
ptured over Caves 
ery has been 
eemed appropriate, 

and Duck creek, and 
estead and Palm 
monitoring during 
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9.6 Predicted environ

policies, guideline

After application of mitigation me
result in the following outcomes i

• clearing of an approxima
infrastructure, and aroun

• proposed clearing will no
community of conservat

• no clearing or indirect di

• no disturbance to the As
representation will be re
91 ha (approximately 1%

• based on the distribution
groundwater drawdown 
communities in Caves C

• realignment of Caves C
vegetation (representing
the Greater Nammuldi A
vegetation  

• intermittent discharge of
within the discharge foo
affect the regional divers
re-adapt when the disch

• no DRF species will be a

• there will be a loss in the
conservation status of th

• dust emission are not an

• implementation of the re
pre-existing landscape. 
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nmental outcomes against environmental o

es, standards and procedures 

easures described in Section 9.5, the Expansion Propos
n relation to vegetation and flora: 

ate 3900 ha of native vegetation for the mine expansio
nd 2500 ha for the establishment of irrigated agriculture

ot significantly affect the local or regional distribution o
tion significance 

isturbance will occur in the Themeda grasslands TEC a

strebla PEC in good representation, disturbance of the 
educed as far as practicable and maximum disturbance
% of regional extent) 

n of groundwater-dependent species within the 2 m dra
from the Expansion Proposal is unlikely to affect ripari

Creek 

reek will result in the loss of approximately 2.5 km sect
g approximately 9% of the mapped distribution of veget
Area), which will not affect the local or regional abunda

f surplus water may result in localised changes to the r
tprint of Duck Creek; however, these local changes are
sity or abundance of riparian vegetation and that is exp
harge ceases in the long-term 

affected 

e local abundance of some Priority Flora but no change
hese species will occur  

nticipated to adversely affect flora or vegetation 

ehabilitation plan will restore some of the previous vege
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objectives, 

sal is expected to 

on and associated 
e 

f any vegetation 

at Silvergrass 

mosaic 
e is expected to be 

awdown contour, 
an vegetation 

tion of riparian 
tation unit CD1 in 
nce of riparian 

riparian vegetation 
e not expected to 
pected to be able to 

e in the 

etation values of the 


