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1Introduction

This W
orks Approval Application has been prepared by U

R
S

 A
ustralia P

ty Ltd (U
R

S) on behalf of A
G

L 
E

nergy Lim
ited (A

G
L) for the proposed Tarrone pow

er station. U
R

S
 is an international m

ulti-
disciplinary professional services consulting com

pany, w
ith relevant experience in preparing and 

m
anaging environm

ental approvals for industrial projects.  

A
G

L is proposing to develop the Tarrone pow
er station in southw

est V
ictoria, approxim

ately 300 km
 

w
est of M

elbourne (Figure 1). The proposed Tarrone pow
er station w

ill com
prise an open-cycle gas-

fired peaking pow
er station located approxim

ately 23 km
 north of P

ort Fairy and a dedicated 8 to 10 
km

 underground gas pipeline from
 the existing South E

ast A
ustralia G

as P
ty Ltd (S

E
A

 G
as) P

ort 
C

am
pbell – A

delaide pipeline running from
 the south-east to the north-w

est. The proposed Tarrone 
pow

er station w
ill have a nom

inal capacity of approxim
ately 720 – 920 M

W
 of electricity generation 

and w
ill be built adjacent to the M

oorabool to H
eyw

ood 500 kV
 high-voltage transm

ission line. The 
pow

er station and pipeline w
ill have a m

inim
um

 design life of 30 years. 

A
G

L is proposing to develop the Tarrone pow
er station in tw

o phases. The first stage is expected to 
involve the installation of: 

�
tw

o or three E
 class gas turbines; or  

�
tw

o F class gas turbines. 

S
tage 1 construction activities w

ill com
m

ence upon the execution of a construction contract, targeted 
for the fourth quarter of 2010, follow

ed by m
obilisation to site and com

pletion, targeted by the fourth 
quarter of 2012. The tim

ing and choice of turbine com
bination for the second stage of the project is yet 

to be determ
ined. C

om
pletion of the second stage w

ill result in a final facility configuration of: 

�
four E

 class gas turbines, or 
�

three F class gas turbines. 

U
nder the Environm

ent P
rotection (S

cheduled P
rem

ises and E
xem

ptions) R
egulations 2007, the 

proposed Tarrone pow
er station w

ill be a scheduled prem
ise and, as such, a W

orks A
pproval is 

required to develop the pow
er station under the E

P
 A

ct. 

This application w
as prepared in accordance w

ith the E
nvironm

ental P
rotection A

uthority’s (E
P

A
) 

W
orks 

A
pproval 

G
uidelines 

P
ublication 

1307 
N

ovem
ber 

2009 
and 

the 
draft 

W
orks 

A
pproval 

A
pplication form

. 

1.1 
C

om
pany D

etails 
A

G
L’s com

pany details are listed in Table 1-1. 

Table 1-1 
C

om
pany D

etails 

C
om

pany N
am

e: 
A

G
L E

nergy Lim
ited 

R
egistered A

ddress: 
Level 22, 101 M

iller S
treet, N

orth S
ydney, N

S
W

 2060 A
ustralia 

AC
N

:
115 061 375 

A
G

L is A
ustralia’s largest energy retailer, w

hich includes a significant custom
er base in V

ictoria. A
G

L 
ow

ns and operates pow
er stations across A

ustralia including traditional energy sources (gas and coal) 
as w

ell as renew
able sources (hydro, w

ind, landfill gas and biogas). 
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A
G

L ow
ns and operates the Torrens Island pow

er station (S
outh A

ustralia), the largest gas fired 
pow

er station in A
ustralia. A

G
L is also the largest private ow

ner / operator of renew
able energy assets 

in A
ustralia. The A

G
L pow

er developm
ent team

 is responsible for hydro, w
ind and gas fired pow

er 
station developm

ents, including the Som
erton gas fired peaking pow

er station and the B
ogong hydro 

electric pow
er station, both of w

hich are located in V
ictoria. 

1.2 
C

ontact D
etails 

Table 1-2 lists the contact details for authorised persons at A
G

L. 

Table 1-2 
C

ontact D
etails - A

G
L 

A
uthorised person for proponent:  

E
van C

arless 
P

osition: 
M

anager P
ow

er D
evelopm

ent 
P

ostal address: 
Locked B

ag 1837, S
t. Leonards, N

S
W

 2065 
E

m
ail address: 

ecarless@
agl.com

.au 
Phone num

ber: 
(02) 9921 2214 

Facsim
ile num

ber: 
(02) 9921 2401 

For any technical queries on the content of this W
orks A

pproval A
pplication, refer to contact details for 

U
R

S
 listed in Table 1-3. 

Table 1-3 
C

ontact D
etails - U

R
S 

Person w
ho prepared application: 

Tim
 R

outley 
P

osition: 
S

enior P
rincipal C

hem
ical E

ngineer 
O

rganisation: 
U

R
S

 A
ustralia P

ty Ltd 
P

ostal address: 
Level 6, 1 S

outhbank B
oulevard, S

outhbank, V
IC

, 3006 
E

m
ail address: 

tim
othy_routley@

urscorp.com
 

Phone num
ber: 

(03) 8699 7641 
Facsim

ile num
ber: 

(03) 8699 7550 

1.3 
Prem

ise D
etails 

The proposed Tarrone pow
er station is located in the rural locality of Tarrone, in the M

oyne S
hire 

Local G
overnm

ent A
rea, in south-w

est V
ictoria (Table 1-4). R

efer to Figure 1 for details. 

Table 1-4 
Prem

ise D
etails 

Tarrone N
orth R

oad, Tarrone, V
IC

, 3283 
P

rem
ises A

ddress: 
Lot 2 on Plan of Subdivision 218923A. Volum

e-9933 Folio-939 
M

unicipality: 
M

oyne Shire 
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2Proposed W
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2.1 
Project D

escription 
The proposal description is sum

m
arised in Table 2-1. 

Table 2-1 
Proposal D

escription 

P
roposal D

escription 

A
n open-cycle gas turbine peaking pow

er station, com
prising up to four turbines, at Tarrone, V

ictoria. 

The project includes the developm
ent of the Tarrone pow

er station, an open-cycle gas turbine peaking 
pow

er plant ultim
ately consisting of three or four turbines, w

ith an associated substation to connect to 
the high voltage transm

ission lines that cross the site, and onsite infrastructure. 

The proposed Tarrone pow
er station w

ill be located on Tarrone N
orth R

oad, approxim
ately 23 km

 
north of P

ort Fairy, on an approxim
ately 75 hectare battle-axe shaped land parcel that is crossed by 

the 500kV
 high-voltage M

oorabool – H
eyw

ood transm
ission line. The rural property, currently used for 

livestock grazing, is generally gently undulating w
ith som

e evidence of stony rises in the northw
est 

portion of the site. R
em

nant pine tree plantings are scattered throughout the open pasture. The site is 
clearly visible from

 R
iordans R

oad and Landers Lane, as these road reserves are largely bereft of any 
vegetation apart from

 grasses. 

The proposed Tarrone pow
er station w

ill be supplied w
ith natural gas from

 the nearby S
E

A
 G

as 
pipeline, a high pressure gas pipeline supplying gas from

 the O
tw

ay B
asin to S

outh A
ustralia. There 

are tw
o underground gas pipeline investigation corridors under consideration to provide a gas supply 

from
 the S

E
A

 G
as P

ipeline to the proposed Tarrone pow
er station: 

�
an approxim

ately ten kilom
etre long north-south corridor; and  

�
an approxim

ately eight kilom
etre long east-w

est corridor. 

R
efer to the Locality M

ap (Figure 1), Location P
lan (Figure 2) for the layout of the proposal and the 

S
ite P

lan (Figure 3) for details on surrounding land uses. 

2.2 
C

ost of W
orks and A

pplication Fee 
The estim

ated capital and installation costs for the proposed w
orks (including land purchase) are 

approxim
ately $600 m

illion for the final facility (S
tage 1 costs are estim

ated to be approxim
ately 

$400M
). The cost of w

orks and associated application fee are outlined in Table 2-2. 

Table 2-2 
C

ost of W
orks and A

pplication Fee 

C
ost of W

orks 
A

pplication Fee 

$600 m
illion 

$52,605 

2.3 
Proposed D

ates 
The indicative tim

etable is provided for the developm
ent of the proposed Tarrone pow

er station in 
Table 2-3. 
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Table 2-3 
D

evelopm
ent Tim

etable 

D
evelopm

ent S
chedule 

E
arliest P

roposed D
ates 

Finalisation of C
oncept D

esign 
2009 

A
pprovals 

Q
2-3 2010 

Investm
ent decision – S

tage 1 
Q

4 2010 
C

om
m

ission P
ow

er S
tation – S

tage 1 
Q

3 2012 
P

ow
er S

tation C
om

pletion – S
tage 1 

Q
4 2012 

The proposed Tarrone pow
er station is planned to be built in tw

o stages, the first stage w
ill consist of 

tw
o or three E

 or tw
o F class gas turbines and an associated capital cost of approxim

ately $400M
. The 

E
P

A
 W

orks Approval Application is for four E
 or three F class gas turbines, w

hich w
ill be achieved on 

com
pletion of stage tw

o of construction. The tim
ing of stage 2 construction and com

pletion w
ill depend 

on the econom
ic viability in accordance w

ith national electricity m
arket dem

ands. 
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3A
pprovals

3.1 
N

eed for W
orks A

pproval 

3.1.1 
Environm

ent Protection (Scheduled Prem
ises and Exem

ptions) 
R

egulations 2007 
U

nder Section 19A of the E
nvironm

ent P
rotection A

ct 1970 (‘the E
P

 A
ct’), a W

orks A
pproval is 

required to construct or install plant or equipm
ent at a scheduled prem

ise w
here such activity is likely 

to cause an increase in the w
aste or noise em

itted from
 the prem

ise or potential danger to the 
environm

ent. “S
cheduled prem

ises” are listed in the Environm
ent Protection (Scheduled P

rem
ises and 

E
xem

ptions) R
egulations 2007. U

nder S
chedule 1 of these regulations, the proposed Tarrone pow

er 
station is classified as a scheduled prem

ise as it m
eets the follow

ing descriptions: 

K
01 prem

ises (P
ow

er stations)
w

hich generate electrical pow
er from

 the consum
ption of a fuel at a 

rated capacity of at least 5 M
egaw

att electrical pow
er. 

L01 prem
ises w

hich discharge or em
it, or from

 w
hich it is proposed to discharge or em

it, to the 
atm

osphere…
at least 100 kilogram

s a day of nitrogen oxides. 

L01 prem
ises w

hich discharge or em
it, or from

 w
hich it is proposed to discharge or em

it, to the 
atm

osphere…
at least 100 kilogram

s a day of sulphur oxides. 

L01 prem
ises w

hich discharge or em
it, or from

 w
hich it is proposed to discharge or em

it, to the 
atm

osphere…
at least 100 kilogram

s a day of particles. 

L01 prem
ises w

hich discharge or em
it, or from

 w
hich it is proposed to discharge or em

it, to the 
atm

osphere…
at least 500 kilogram

s a day of carbon m
onoxide. 

W
ith respect to descriptions L01, it should be noted that the proposed Tarrone pow

er station is a peak 
load pow

er station and w
ill not operate continuously. H

ow
ever, on days w

hen it does operate, it m
ay 

exceed the specified em
issions threshold.  

3.1.2 
W

orks A
pproval Exem

ptions 
E

xem
ptions from

 obtaining a W
orks Approvals are set out in P

art 3 of the E
nvironm

ent Protection 
(S

cheduled P
rem

ises and E
xem

ptions) R
egulations 2007. The exem

ptions state that a prem
ises is 

excluded from
 being a scheduled prem

ises and requiring a W
orks Approval under the follow

ing 
circum

stances (only if exem
pt against all descriptions): 

A
ir Em

issions 
W

ith respect to em
issions to air for a source, other than an incinerator or an afterburner, a w

orks 
approval is not required for a prem

ises discharging or em
itting less than: 

�
100kg per day O

xides of N
itrogen; or 

�
10kg per day O

xides of S
ulphur; or 

�
100kg per day C

arbon M
onoxide; or 

�
10kg per day particles (except asbestos and heavy m

etals); or 
�

5kg per day volatile organic com
pounds except for the em

issions of odorous com
pounds or 

particles: or 
�

0·1 gram
 per m

inute of any substance classified as a class 3 indicator in S
tate environm

ent 
protection policy (A

ir Q
uality M

anagem
ent). 
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A
s show

n in S
ection 7.1, and sum

m
arised in Table 3-1 em

issions to atm
osphere are above the criteria 

and therefore, are not exem
pt.  

Table 3-1 
Estim

ated em
issions to atm

osphere and w
orks approval em

ission rate thresholds 

E
m

itted S
ubstance 

S
ource 

E
m

ission R
ate 

(kg/day) 1, 2

W
orks A

pproval 
E

m
ission R

ate 
T

hreshold (kg/day) 1
E

xem
pt

O
xides of N

itrogen 
S

tack 
1802 – 2646 

100
N

o
O

xides of S
ulphur 

S
tack 

101 - 193 
10

N
o

C
arbon M

onoxide 
Stack 

221 - 790 
100

N
o

P
articulate M

atter 
S

tack 
185 – 260 

10
N

o
V

olatile organic com
pounds 

S
tack 

17.5 – 33.3 
5

N
o

P
olychlorinated dioxins and Furans 

S
tack 

0.024 – 0.048
3 

0.1
3 

Y
es 

N
otes:

1. U
nless otherw

ise specified 
2. W

hen all generators are operating 
3. E

xpressed in gram
s per m

inute 

N
oise Em

issions 
W

ith respect to em
issions of noise, a W

orks A
pproval is not required for a prem

ises that: 

�
em

its less than 80dB
(A) sound pow

er level; or 
�

does not otherw
ise require a W

orks A
pproval.

The sound pow
er level of equipm

ent proposed on site is expected to generate noise em
issions greater 

than 80 dB(A). Therefore, the proposed Tarrone pow
er station is not exem

pt from
 the W

orks A
pproval 

process under the E
nvironm

ent P
rotection (S

cheduled P
rem

ises and E
xem

ptions) R
egulations, 2007.

A
ssessm

ents have been undertaken for noise and em
issions to atm

osphere to ensure com
pliance 

w
ith the P

olicy Fram
ew

ork. 

3.2 
Planning and other A

pprovals 
Table 3-2 lists the decisions / approvals required for the proposed Tarrone pow

er station at the Local, 
S

tate and C
om

m
onw

ealth levels and the status of these approvals. 

Table 3-2 
State and C

om
m

onw
ealth A

pprovals 

P
lanning

Z
one

A
ct

T
ype of A

pproval 
R

equired
A

pproving A
uthority 

A
pproval / 

D
ecision

received or 
pending

C
om

m
onw

ealth 
E

nvironm
ent 

P
rotection and 

B
iodiversity 

C
onservation A

ct 
1999 

E
P

B
C

 R
eferral - If the 

project is deem
ed to 

be a controlled action, 
it w

ill require an E
P

B
C

 
A

ct approval. 
O

therw
ise, no 

approval is required. 

C
om

m
onw

ealth 
D

epartm
ent of 

E
nvironm

ent, W
ater, 

H
eritage and the A

rts / 
M

inister for E
nvironm

ent 

D
ecision – not a 

controlled action 
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P
lanning

Z
one

A
ct

T
ype of A

pproval 
R

equired
A

pproving A
uthority 

A
pproval / 

D
ecision

received or 
pending

S
tate

E
nvironm

ent E
ffects 

A
ct 1978 

E
E

S
 R

eferral - If the 
M

inister for P
lanning 

considers the project 
w

ill have a significant 
effect on the 
environm

ent, an E
E

S
 

m
ay be required. 

M
inister for P

lanning 
D

ecision – N
o 

E
E

S
 required, 

subject to one 
condition 

S
tate / Local 

P
lanning and 

E
nvironm

ent A
ct 

1987 

P
lanning S

chem
e 

A
m

endm
ent 

M
inister for P

lanning 
Pending 
D

ecision

S
tate

P
ipelines A

ct 2005 
Pipeline Licence 
A

pplication (A
lteration 

to an authorised route) 

D
epartm

ent of P
rim

ary 
Industries

Pending 
S

ubm
ission 

S
tate

E
nvironm

ent 
P

rotection A
ct 1970 

W
orks A

pproval 
Application 

E
P

A
 V

ictoria 
Approval 
Pending 

S
tate

W
ater A

ct 1989 
W

orks on W
aterw

ays 
P

erm
its

G
lenelg – H

opkins C
M

A
 

Pending 
S

ubm
ission 

S
tate

N
ative V

egetation 
M

anagem
ent 

Fram
ew

ork 

N
ative V

egetation 
O

ffset M
anagem

ent 
Plan and Flora and 
Fauna M

anagem
ent 

Plan

D
epartm

ent of P
lanning 

and C
om

m
unity 

D
evelopm

ent / 
D

epartm
ent of 

Sustainability and 
E

nvironm
ent 

Pending 
S

ubm
ission 

EPB
C

 A
ct R

eferral 
A

 referral w
as subm

itted to the C
om

m
onw

ealth D
epartm

ent of E
nvironm

ent, W
ater, H

eritage and the 
A

rts in D
ecem

ber 2009 under the E
nvironm

ent P
rotection and B

iodiversity C
onservation A

ct 1999 
(E

P
B

C
 Act).The C

om
m

onw
ealth M

inister for E
nvironm

ent determ
ined on the 5

th February 2010 that 
the proposed action is not a controlled action. 

Environm
ent Effects Statem

ent R
eferral 

The E
nvironm

ent E
ffects S

tatem
ent (EE

S
) referral process is a statutory process under the V

ictorian 
E

nvironm
ent E

ffects A
ct 1978 (E

E
 A

ct). The E
E

S
 referral w

as subm
itted to the M

inister for Planning in 
D

ecem
ber 2009 to determ

ine the need for assessm
ent under the E

E
 A

ct. The M
inister determ

ined on 
the 2

nd February 2010 that an E
E

S
 is not required for the proposed Tarrone pow

er station project. This 
decision w

as subject to the preparation of both a native vegetation offset m
anagem

ent plan and a flora 
and fauna m

anagem
ent plan, prior to rem

oval of any native vegetation. The tw
o m

anagem
ent plans 

m
ust be prepared in consultation w

ith the D
epartm

ent of S
ustainability and E

nvironm
ent (D

S
E

) and 
m

ust be to the satisfaction of the D
epartm

ent of P
lanning and C

om
m

unity D
evelopm

ent (D
PC

D
). 

Planning Schem
e A

m
endm

ent 
The proposed Tarrone pow

er station site is zoned Farm
ing Zone under the provisions of the M

oyne 
P

lanning Schem
e. A

 planning schem
e am

endm
ent is required so that the land can be developed and 

used for pow
er station purposes. The am

endm
ent of the M

oyne planning schem
e to change the 

Tarrone pow
er station site from

 Farm
ing Zone to a S

pecial U
se Zone (S

U
Z4) has com

m
enced through 

consultation w
ith M

oyne Shire C
ouncil and the D

epartm
ent of P

lanning and C
om

m
unity D

evelopm
ent. 
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Pipeline License A
pplication 

The proposed Tarrone pow
er station project w

ill require an eight to ten kilom
etre underground gas 

pipeline lateral to connect the pow
er station to the existing S

outh E
ast A

ustralia G
as P

ty Ltd (S
E

A
 

G
as) P

ort C
am

pbell to A
delaide gas pipeline. The proponent of the gas pipeline lateral is S

E
A

 G
as. 

S
ea G

as is in the process of m
aking an application to the D

epartm
ent of P

rim
ary Industries (D

P
I) for 

an alteration of an authorised route under the provisions of D
ivision 6, S

ection 68 of the P
ipelines A

ct
2005 associated w

ith the existing gas pipeline licence (239).  

W
orks A

pproval A
pplication 

This docum
ent constitutes a W

orks A
pproval A

pplication and w
ill be subm

itted to the S
tatutory 

Facilitations D
epartm

ent of the E
P

A
. 

W
orks on W

aterw
ays Perm

it 
U

nder the W
ater A

ct 1989, w
orks or w

aterw
ays perm

its w
ill be subm

itted to G
lenelg-H

opkins 
C

atchm
ent M

anagem
ent Authority for the crossing of w

aterw
ays associated w

ith the east-w
est gas 

pipeline alignm
ent, if the east-w

est alignm
ent is selected. 

3.3 
Existing A

pprovals 

3.3.1 
Tarrone Substation Planning Perm

it 
It is proposed that the Tarrone pow

er station and the M
acarthur w

ind farm
 w

ill share the sam
e 

electrical connection point (the 500kV substation) located on the proposed Tarrone site (neither 
project is contingent on the other). The 500kV

 substation has already received planning approval 
(P

lanning P
erm

it N
o: P

L-S
P

/05/0283) as part of the M
acarthur w

ind farm
 project. The lim

itation of this 
is that the substation m

ay only be available to the proposed Tarrone pow
er station provided the 

M
acarthur w

ind farm
 is developed ahead of the Tarrone pow

er station. H
ow

ever, in the event the 
M

acarthur w
ind farm

 does not proceed or is developed after the Tarrone pow
er station, A

G
L is 

considering seeking a separate planning perm
it for the substation so that it doesn’t m

atter w
hich 

project proceeds and is com
pleted first. 

3.3.2 
EPA

 A
pprovals 

A
G

L currently holds a num
ber of approvals granted by the E

P
A

. These are set out below
. 

Som
erton G

as-fired Peaking Pow
er Station 

A
n E

P
A

 licence (E
A

51148) is held for AG
L’s gas-fired peaking pow

er station at S
om

erton. 

A
G

L is registered for and subm
its annual E

R
E

P
 reports for its operations at S

om
erton  

Sym
ex H

oldings 
A

G
L is registered for and subm

its annual E
R

E
P

 reports for its operations at a gas-fired cogeneration 
plant on the site of S

ym
ex H

oldings in P
ort M

elbourne. 
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W
estern Treatm

ent Plant at W
erribee 

A
n E

P
A

 licence (E
A

42348) is held for AG
L’s joint “biogas” generation project w

ith M
elbourne W

ater at 
W

erribee. 

W
orks are currently underw

ay under a form
al W

orks A
pproval E

xem
ption for the installation of tw

o 
additional engine generators. 

B
ogong Pow

er D
evelopm

ent  
A

 M
em

orandum
 of U

nderstanding (M
O

U
) exists betw

een the E
P

A
 and w

hat w
as S

outhern H
ydro. 

A
G

L holds an E
P

A
 licence (S

W
4097) for a sew

erage treatm
ent plant at B

ogong V
illage. 
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4
4Environm

ent and C
om

m
unity 

4.1 
Track R

ecord 

Environm
ental Perform

ance Sum
m

ary 
A

G
L’s operations are subject to various C

om
m

onw
ealth, S

tate and Territory environm
ental law

s in 
relation to energy developm

ent, construction and operations. This includes exploration, extraction and 
production of coal seam

 m
ethane, liquid petroleum

 gas production and storage and pow
er generation 

(natural gas, hydro electricity, biogas, landfill gas, bagasse and agricultural w
aste).  

The 
A

G
L 

Safety, 
S

ustainability 
and 

C
orporate 

R
esponsibility 

(S
S

C
R

) 
Board 

com
m

ittee 
m

eets 
quarterly in order to review

 the effectiveness of the health, safety and environm
ental m

anagem
ent 

program
. The A

udit and R
isk M

anagem
ent B

oard C
om

m
ittee (A

R
M

C
) receives 6 m

onthly reports on 
environm

ental com
pliance m

atters from
 across the business. E

nvironm
ental m

anagem
ent and safety 

perform
ance is audited annually by external auditors. In 2008/2009 the focus in the environm

ental 
area w

as environm
ental licence com

pliance. Local health, safety and environm
ent (H

S
E

) LifeG
uard 

com
m

ittees provide the operational review
 of H

S
E

 m
atters in the business.  

E
nvironm

ental licence and planning conditions in N
ew

 S
outh W

ales, V
ictoria, S

outh A
ustralia and 

Q
ueensland govern all aspects of the m

anagem
ent of generation assets. 

The A
G

L goal for excellence in environm
ental m

anagem
ent and perform

ance is underpinned by the 
m

anagem
ent system

s, organisational structures and expertise in place to m
anage its business for 

sustainable grow
th. 

Therefore, AG
L’s strategies to reach its environm

ental goal are to: 

�
S

trengthen and m
aintain the environm

ental aspects of the H
S

E
 m

anagem
ent system

;  
�

Im
prove em

ployee’s capabilities in environm
ental m

anagem
ent; and  

�
M

onitor and m
anage its im

pact on land, air and w
ater.  

A
G

L’s 
com

pany 
values, 

environm
ental 

principles 
and 

health, 
safety 

and 
environm

ent 
(H

S
E) 

m
anagem

ent system
 are the m

ain tools used to guide environm
ental m

anagem
ent. 

C
om

m
unity C

oncerns 
A

G
L has a portfolio of approxim

ately 35 pow
er generation assets including w

ind farm
s, hydroelectric 

plants, gas-fired pow
er stations, cogeneration plants and landfill gas capture. In addition, A

G
L hold 

exploration 
and 

production 
licences 

for 
coal 

seam
 

gas 
extraction 

in 
N

ew
 

S
outh 

W
ales 

and 
Q

ueensland.  

From
 tim

e to tim
e, the com

m
unities in the locations w

here AG
L operates have concerns about the 

im
pacts of its operations. In the pow

er generation part of the business, this m
ay include general 

opposition to the construction of w
ind farm

s, or noise issues associated w
ith pow

er generation plants. 
In the upstream

 gas business, concerns typically centre around noise from
 w

ell drilling and concern 
about the im

pact on aquifers associated w
ith coal seam

 gas extraction.  

A
G

L is com
m

itted to com
plying w

ith its legal obligations and w
orking w

ith the local com
m

unities to co-
exist harm

oniously. W
hen A

G
L becom

es aw
are of com

m
unity concerns in relation to its operations, it 

w
orks w

ith its stakeholders to try and resolve those issues. 
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R
elevant O

ffences and Enforcem
ent A

ctions 
The E

P
A

 has not taken any environm
ental enforcem

ent action against A
G

L or its subsidiaries over the 
past 3 years. 

Further, A
G

L has not been prosecuted for a “relevant offence”, as defined in section 20C
 of the E

P 
A

ct, in the past 10 years. 

4.2 
K

ey Environm
ental C

onsiderations 
The key environm

ental considerations for the proposed Tarrone pow
er station are air, noise, and 

greenhouse gas em
issions, surface w

ater and w
astew

ater m
anagem

ent. 

A
ir Em

issions 
The potential em

issions to air from
 the proposed Tarrone pow

er station are the products of natural gas 
com

bustion. The m
ajor em

issions from
 natural gas com

bustion in turbines are nitrogen (N
2 ), oxygen 

(O
2 ), carbon dioxide (C

O
2 ), w

ater vapour, oxides of nitrogen (N
O

x ), sulphur dioxide (S
O

2 ) and carbon 
m

onoxide (C
O

). The potential im
pact of air em

issions has been assessed and is discussed in S
ection 

7.1.

N
oise Em

issions 
N

oise sources associated w
ith the proposed pow

er plant include the m
ain gas turbine generator unit, 

the stack exit points, the electrical transform
ers (associated w

ith the generators and substation) and 
the air inlet ducts. The m

ost significant of these sources w
ill be the gas turbine generator units 

how
ever noise attenuation m

easures w
ill be incorporated into the units. The potential im

pact of noise 
during plant operation has been assessed and is discussed in S

ection 7.4. 

G
reenhouse G

as Em
issions 

The overall level of energy use and energy related greenhouse gas em
issions for the proposed 

Tarrone pow
er station are linked to the proposed gas consum

ption, w
hich w

ill occur during the 
operating hours. G

iven that peak loading pow
er plants are used at tim

es w
hen additional electricity is 

required by the grid, the distribution of operating hours can vary significantly from
 year to year. B

ased 
on 440 operating hours per year (5%

), em
issions to atm

osphere of greenhouse gases from
 the 

generators have been estim
ated and are detailed in S

ection 6.1. 

Storm
w

ater M
anagem

ent 
S

torm
w

ater m
anagem

ent w
ill be incorporated into the site E

IP
 that w

ill be developed for the proposed 
Tarrone pow

er station. S
torm

w
ater run-off collected from

 the hardstand areas w
ill be directed to a 

retarding basin for regulated discharge to a natural drainage system
. A

ny storm
w

ater im
pacted by oil 

from
 the turbines or transform

ers w
ill be collected in the bund and transported off-site as prescribed 

industrial w
aste. S

torm
w

ater run-off from
 the generator and substation areas w

ill be directed to a 
sedim

entation pond and after settling, w
ater w

ill be discharged to a natural drainage system
. Further 

details on the storm
w

ater m
anagem

ent plan are available in S
ection 9.6. 
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W
astew

ater M
anagem

ent 
The volum

e of w
astew

ater that w
ould be generated by the peaking pow

er station w
ill vary depending 

upon the plant runtim
e. The m

ain sources of w
astew

ater w
ill be the blow

dow
n from

 the turbine air inlet 
cooling system

 and potentially brine stream
 from

 a groundw
ater desalination plant. The w

astew
ater is 

proposed to be stored in an on-site evaporation pond, suitably lined to prevent adverse im
pacts on 

surface w
ater and underlying soil and groundw

ater. W
astew

ater m
anagem

ent on-site is detailed in 
S

ection 7.2. 

4.3 
C

om
m

unity Engagem
ent 

A
G

L has developed and im
plem

ented a consultation program
 for the proposed Tarrone pow

er station 
project. C

onsultation activities that have occurred for the project to date include the follow
ing: 

Victorian G
overnm

ent 
O

n-going consultation by A
G

L has occurred w
ith the V

ictorian G
overnm

ent and their representative 
departm

ents since 2008. 

M
oyne Shire C

ouncil C
onsultation 

The M
oyne Shire C

ouncil (including senior council officers) has been briefed by A
G

L on the progress 
of the project in D

ecem
ber 2008, January 2010 and M

arch 2010 in order to discuss the developm
ent 

and assess support for the project. 

C
om

m
unity C

onsultation 
A

 C
om

m
unity Inform

ation D
ay w

as conducted at the W
illatook C

om
m

unity H
all on 28 February 2009. 

The C
om

m
unity Inform

ation D
ay provided inform

ation to the com
m

unity and identified the key issues 
the com

m
unity had w

ith the proposed Tarrone pow
er station (Table 4-1). A

 brochure w
as also 

distributed to over 300 m
em

bers of the com
m

unity w
ithin 5 km

 of the proposed site outlining the 
project and addressing key issues. 

Table 4-1 
K

ey C
om

m
unity Issues 

Issue

N
o. of 

C
om

m
unity

H
ouseholds

C
oncerned

1

N
oise em

issions 
2

A
ir em

issions 
5

Property value 
2

Traffic safety 
3

Fire risk 
2

G
roundw

ater 
1 

V
isual im

pact 
1

N
otes:

1. W
ritten com

m
ents w

ere received from
 a total of 5 

households.
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4.3.2 
Proposed C

om
m

unity C
onsultation – Pow

er Station 
The follow

ing outlines the rem
aining com

m
unity consultation phases for the project: 

Landow
ners w

ill be contacted through either/or both of the follow
ing w

ays: 

�
A

n additional project brochure w
ill be m

ailed out to address key concerns that w
ere identified from

 
the C

om
m

unity Inform
ation D

ay and the outcom
es of the C

om
m

onw
ealth / S

tate G
overnm

ent(s) 
decisions; and 

�
C

onsultations w
ill be conducted w

ith individual landow
ners/occupiers of the site. 

A
G

L w
ill continue to consult w

ith the com
m

unity and relevant stakeholders as the project progresses. 

4.3.3 
Proposed C

om
m

unity C
onsultation – G

as Pipeline 
In addition to A

G
L’s consultation activities for the proposed Tarrone pow

er station, a separate 
consultation plan has been prepared by S

E
A

 G
as (under the provisions of the P

ipelines Act 2005) for 
the gas pipeline lateral. This plan aim

s to dem
onstrate how

 S
E

A
 G

as w
ill consult w

ith landow
ners and 

occupiers of land prior to and during the construction and operation of the gas pipeline. 

The C
onsultation P

lan w
as approved by D

P
I on the 17

th M
ay, 2010. 

4.3.4 
Stakeholder C

onsultation 
The proposed Tarrone pow

er station has been discussed w
ith the follow

ing agencies: 

�
A

boriginal A
ffairs V

ictoria; 
�

C
om

m
onw

ealth D
epartm

ent of E
nvironm

ent, W
ater, H

eritage and the A
rts; 

�
D

epartm
ent of P

lanning and C
om

m
unity D

evelopm
ent; 

�
D

epartm
ent of P

rim
ary Industries; 

�
E

nvironm
ent P

rotection A
uthority; 

�
M

oyne S
hire C

ouncil; 
�

D
epartm

ent of S
ustainability and E

nvironm
ent; 

�
G

lenelg – H
opkins C

atchm
ent M

anagem
ent A

uthority; 
�

S
outhern R

ural W
ater; and 

�
VicR

oads. 
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5
5Process and B

est Practice 

5.1 
Process and Technology 

A
G

L proposes to build a gas-fired peaking pow
er station com

prising of either four E
 class turbines or 

three F class turbines operating in open cycle m
ode. O

nce developed, either turbine configurations w
ill 

have a developm
ent envelope that is contained w

ithin the approxim
ately 6 hectare plant area. 

E
lectricity w

ill be fed into an associated substation to connect to the high voltage transm
ission netw

ork 
that crosses the site. The gas turbines w

ill be fuelled by natural gas from
 an 8 to 10 kilom

etre long 
underground gas pipeline connected to the nearby S

E
A

 G
as pipeline. The generation plant, substation 

and associated infrastructure w
ill be contained in an area w

ith a total area of approxim
ately 15 

hectares. 

The national electricity m
arket is extrem

ely volatile and com
plex and as a result, the distribution of 

operating hours can vary significantly from
 year to year and is difficult to predict. H

ow
ever, the 

expected operating profile w
ill involve operating for short periods for 200 days per year. O

n any day 
that the pow

er station operates, run hours could be less than an hour and up to 24 hours, how
ever w

ill 
m

ore likely be in the order of 2 – 6 hours. D
uring sum

m
er, operation is m

ore likely to occur during the 
heat of the day, w

hilst in w
inter operation is m

ore likely to occur during m
orning and evening peak 

periods. O
vernight running w

ill be rare and w
ill likely only be required for security of electricity supply. 

Table 5-1 sum
m

arises the key processes and technologies involved w
ith the proposed Tarrone pow

er 
station.

Table 5-1 
K

ey Processes and Technologies 

Inputs 
P

rocesses 
T

echnologies 
O

utputs 

E
vaporative C

ooler G
roundw

ater extraction 
Iron rem

oval / desalination
1

Iron rem
oval / 

desalinisation 
Low

 TD
S

 w
ater 

B
rine and Treatm

ent chem
icals 

Iron sludge 
D

eliver w
ater to site by road 

tanker
D

epends on 
supply w

ater 
quality 

W
ater loss from

 evaporation 

W
ater 

R
ecycle w

ater 
“B

low
 dow

n” w
astew

ater to 
evaporation pond 

A
ir

Evaporative C
ooler cycle 

 
C

ooled air to com
pressor 

G
as T

urbine U
nit 

C
om

pressor 
C

ooled air from
 

evaporative cooler 
C

om
press air prior to com

bustion 
 

C
om

pressed air 

C
om

bustion 
C

om
pressed air 

G
as

C
om

bustion of gas in air 
D

LN
 com

bustion 
technology 

Exhaust gases 

Turbines 
A

ir em
issions 

Exhaust gases 
E

xpansion of exhaust gases to 
drive turbines 

Exhaust gases 
pass through 
silencer unit 

Electricity 
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N
otes:
1. 

O
ptions for w

ater treatm
ent include: 

- 
iron rem

oval / reverse osm
osis desalination, 

- 
iron rem

oval / dem
ineralisation (ion-exchange), 

- 
iron rem

oval / E
D

R
 desalination, and 

- 
iron rem

oval 

A
 flow

 diagram
 of the key processes, inputs, outputs and controls are illustrated in Figure 4. 

The proposed Tarrone pow
er station w

ill consist of the follow
ing key com

ponents (refer to Figure 3): 

G
as Turbine U

nits 
E

ach gas turbine unit consists of a m
ain engine enclosure housing the turbine and generators, an 

exhaust stack, and high-voltage electrical transform
er. To facilitate com

bustion conditions, the air is 
cooled via evaporative cooling and com

pressed prior to entry into the com
bustion cham

ber of the gas 
turbine. In each gas turbine generator, air is draw

n in through filters to rem
ove particulate m

atter and 
passes into the com

pressor section of the gas turbine. In each com
pressor, m

ultiple row
s of rotating 

blades w
ill raise the tem

perature and pressure of the air. Follow
ing com

pression, the air is at a 
pressure of approxim

ately 15 atm
ospheres. A

fter the com
pressor, the air flow

s into com
bustion 

cham
bers arranged around each gas turbine. In these com

bustors, natural gas is injected and burnt, 
increasing the tem

perature to approxim
ately 1200 degrees C

elsius. 

The com
bustion gases from

 the com
bustion cham

bers enter the turbine section of the gas turbines 
and expand to atm

ospheric pressure, reducing in tem
perature to around 550

oC
. A

s the gas expands, 
the gases drive the turbine, w

hich in turn drives the com
pressor and an electrical generator. From

 the 
turbine, the heated exhaust gases pass through a silencer unit and are discharged through a stack. 
The com

bustors feature D
ry Low

 N
O

x  technology to produce very low
 N

O
x  em

issions. 

Tw
o open cycle plant configurations are being considered for the ultim

ate pow
er station layout 

com
prising either four E

 class turbines or three F class turbines. E
xchange rate fluctuations and the 

availability of new
 or up-rated m

odels m
eans that selection of the m

anufacturer and m
odel of plant to 

be installed is best m
ade at the tim

e it is required and under com
petitive tender arrangem

ents (Table 
5-2). 

Table 5-2 
Potential G

enerator M
anufacturers and Turbine M

odels under consideration 

G
enerator

C
lass

E
 C

lass 
F C

lass 

M
anufacturer 

M
odel 

A
pproxim

ate
P

ow
er O

utput 

(M
W

/unit)
M

odel
A

pproxim
ate

P
ow

er O
utput 

(M
W

/unit)

Siem
ens 

SG
T5-2000E 

168 
SG

T5-4000F 
292 

G
E 

9E 
126 

9FA 
256 

Ansaldo 
V94.2 

170 
V94.3 

294 
Alstom

 
AE

13E
2 

167 
 

 
M

itsubishi 
 

 
M

701F4 
307 
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G
as Turbine G

eneration C
om

ponents 
The individual com

ponents w
ithin the gas turbine generation units are: 

�
M

ain E
ngine B

uilding containing: 
—

A
ir Intake Filter and D

uct, incorporating evaporative cooler; 
—

G
as Turbine; 

—
G

enerator; and 
—

A
uxiliary B

lock (containing electrical m
odules and other equipm

ent) 

�
E

xhaust G
as S

tack; 
�

O
il coolers; 

�
A

uxiliary coolers; 
�

H
igh-V

oltage Transform
er E

nclosure containing: 
—

U
nit A

uxiliary Transform
er; 

—
S

tep-up transform
er; 

—
G

enerator B
us D

uct; 
—

Firew
all/fence; and 

—
A

pproxim
ately 130 m

etre internal 132kV
 transm

ission line / cable to the 500 / 132 kV
 electrical 

sub-station 

�
A

ncillary P
lant including: 

—
Fuel G

as S
kid; 

—
Fire fighting C

ontainer; and 
—

D
rain Tank. 

A
uxiliary B

uildings and Plant 
The site w

ill include the follow
ing ancillary buildings and plant: 

�
adm

inistration building; 
�

control building; 
�

security building; 
�

w
orkshop and store; 

�
w

ater tanks; 
�

w
ater treatm

ent facilities; 
�

balance of plant; and 
�

gas receiving facility. 

The gas supply pipeline discharges into the gas receiving facility that regulates the gas entering the 
facility. The gas receiving facility is likely to contain the follow

ing equipm
ent: 

�
G

as filtration, heating and pressure regulation equipm
ent, custody transfer, flow

 control and 
m

etering;
�

O
ver pressure protection and em

ergency venting system
s; 

�
P

rocess control and com
m

unications equipm
ent; and 

�
H

eader pipeline connecting the gas receiving facility to the pow
er station. 

S
afety features at the gas receiving facility include autom

atic shutdow
n due to low

 pressure. There w
ill 

also be m
anual shutdow

n at the pipeline off take. The facility w
ill incorporate safety equipm

ent to vent 
gas from

 the connecting pipeline if required for m
aintenance or in an em

ergency situation. 
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G
as supply pressure is sufficiently high that an on-site com

pressor prior to com
bustion is not required. 

W
ater Tanks 

W
ater tanks w

ill be installed on site including tanks for dom
estic w

ater (for storing w
ater received from

 
rainw

ater harvesting), process w
ater (for use in the evaporative cooling system

), and fire protection (to 
supply any fire protection testing or action). D

epending on the w
ater source for the process w

ater, 
w

ater treatm
ent infrastructure m

ay also be present on site, inclusive of additional tanks for pre and 
post treatm

ent w
ater. 

W
astew

ater Infrastructure 
The w

astew
ater infrastructure on site w

ill include a storm
w

ater retarding basin, a storm
w

ater 
sedim

entation pond and an evaporation pond to store and concentrate process w
ater. S

ew
age w

ill be 
stored on-site and then transferred and treated off-site. P

ortable toilets w
ill be transferred to the site 

for periods of m
ajor m

aintenance. 

H
ardstand A

rea 
The hardstand areas of the site w

ill include areas for staff and visitor parking, internal access road 
from

 Tarrone N
orth R

oad and equipm
ent laydow

n areas. 

500 kV Substation 
The 500 /132 kV

 substation at the existing 500 kV
 M

oorabool-H
eyw

ood transm
ission line steps up the 

voltage to 500 kV
 and feeds the energy into the m

ajor transm
ission line. The substation is to be 

located im
m

ediately beside the transm
ission line. It contains the necessary equipm

ent to m
anage 

supplying 
the 

electrical 
energy 

into 
the 

S
tate’s 

electricity 
transm

ission 
system

. 
The 

500 
kV 

transm
ission line is carried on large lattice tow

ers, approxim
ately 70m

 above the ground 

The substation w
ill include a control building, transform

er(s), circuit breaker(s), tubular busw
ork, 

landing structures and ancillary equipm
ent for m

easurem
ent and protection. The 500kV

 substation w
ill 

include an earthing system
 in accordance w

ith IE
E

E
 60080, A

S
2067 and A

S
3000. Lightning protection 

for the substation w
ill be insured using m

asts and overhead earth w
ires.  

5.1.2 
A

ssociated aspects of the project 

G
as Pipeline 

The proposed Tarrone pow
er station w

ill require a gas lateral pipeline to source natural gas from
 the 

nearby S
E

A
 G

as P
ort C

am
pbell to A

delaide pipeline. There are tw
o investigation corridors under 

consideration for the underground gas pipeline:  

�
an approxim

ately ten kilom
etre long north-south corridor that runs adjacent to Landers Lane, 

crossing W
oolsthorpe-H

eyw
ood R

oad and K
angertong R

oad, term
inating at the S

E
A

 G
as pipeline 

approxim
ately 500 m

etres north of K
angertong R

oad; and  
�

an approxim
ately eight kilom

etre long east-w
est corridor that follow

s the site east, then north along 
Tarrone N

orth R
oad for approxim

ately 500 m
etres, then east, north-east to the W

illatook V
alve 

S
tation on the S

E
A

 G
as pipeline, crossing B

ack C
reek, C

oom
ete R

oad and W
illatook-W

arrong 
R

oad.  
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U
pgraded Local R

oads 
Tarrone N

orth R
oad from

 W
oolsthorpe-H

am
ilton R

oad (C
176) to the entrance to the pow

er station site 
(a distance of approxim

ately six kilom
etres) m

ay be w
idened by approxim

ately tw
o m

etres to 
accom

m
odate construction traffic.  

5.2 
Environm

ental B
est Practice 

The key aspects of the pow
er station w

hich are particularly im
portant in their adoption of best practice 

are air em
ission controls and generator energy efficiency. These are discussed below

. 

5.2.1 
Em

ission C
ontrol O

ptions 
The prim

ary pollutants from
 gas turbines are oxides of nitrogen (N

O
x ), carbon m

onoxide (C
O

), and 
volatile organic com

pounds (V
O

C
s). The gas turbine operating load has a significant effect on the 

em
issions levels of the prim

ary pollutants of N
O

x , C
O

, and V
O

C
s. G

as turbines typically operate at 
high loads. C

onsequently, gas turbines are designed to achieve m
axim

um
 efficiency and optim

um
 

com
bustion conditions at high loads. C

ontrolling all pollutants sim
ultaneously at all load conditions is 

difficult. A
t higher loads, higher N

O
x em

issions occur due to peak flam
e tem

peratures. A
t low

er loads, 
low

er therm
al efficiencies and m

ore incom
plete com

bustion occurs resulting in higher em
issions of C

O
 

and V
O

C
s. 

O
ther pollutants such as oxides of sulphur (SO

x ) and particulate m
atter (P

M
) are prim

arily dependent 
on the fuel used. The sulphur content of the fuel determ

ines em
issions of sulphur com

pounds, 
prim

arily S
O

2 . SO
x  control is thus a fuel purchasing issue rather than a gas turbine technology issue. 

P
articulate m

atter is a m
arginally significant pollutant for gas turbines using liquid fuels. A

sh and 
m

etallic additives in the fuel m
ay contribute to P

M
 in the exhaust. G

as turbines using gas as the fuel 
filter the gas at the inlet to the com

bustion cham
ber. G

as is a cleaner burning fuel producing low
er 

sulphur dioxide, particulates and V
O

C
s com

pared to coal or liquid hydrocarbons. 

The air em
issions proposed from

 the gas turbines are discussed in detail in S
ection 9.5. The 

discussion of em
ission control options in this section focuses on N

O
x  control technology as N

O
x  is a 

potential precursor to the production of photochem
ical sm

og. U
ncontrolled N

O
x  em

issions from
 gas 

turbines are approxim
ately 99 – 430 ppm

v
1. V

arious em
ission control technologies to reduce N

O
x

em
issions are discussed below

. 

5.2.2 
N

O
x  Em

ission C
ontrols 

W
ater / Steam

 Injection 
This technology involves the injection of steam

 or w
ater into the flam

e area of the com
bustor to low

er 
the flam

e tem
perature and reduce therm

al N
O

x  form
ation. E

m
issions of N

O
x  can be reduced to 42 

ppm
 using w

ater or steam
 injection. In general, w

ater steam
 injection achieves N

O
x  em

issions of 25 
ppm

 or m
ore. H

ow
ever, this m

ethod requires the use of significant quantities of purified w
ater in a 

clim
ate of w

ater conservation. C
onsidering w

ater conservation and purification costs w
ith the lim

ited 
N

O
x  reduction of w

ater / steam
 injection and the application of this technology for the proposed 

Tarrone pow
er station is not proposed. 

                                                     
1

A
lternative C

ontrol Techniques D
ocum

ent—
 N

O
x E

m
issions from

 S
tationary G

as Turbines. E
m

ission S
tandards D

ivision. U
.S

. 
E

nvironm
ental P

rotection A
gency. E

P
A

-453/R
-93-007. January 1993. 
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D
ry Low

 N
O

x (D
LN

) C
om

bustors 
In conventional com

bustors, fuel is injected into the com
bustor and ignited in com

pressed air. N
o 

opportunity exists for generation of a com
plete hom

ogenous air-fuel m
ixture before com

bustion. D
LN

 
com

bustor technology involves prem
ixing of air and a lean fuel m

ixture that significantly reduces peak 
flam

e tem
perature and therm

al N
O

x  form
ation. N

O
x  em

issions from
 pow

er stations that have 
im

plem
ented D

LN
 technology range from

 9 ppm
 to 25 ppm

 depending on the plant and operating 
conditions. G

as turbine m
anufacturers guarantee em

issions of 25 ppm
 w

hen pow
er stations are 

operating above a specified m
inim

um
 load. D

LN
 technology w

ill be im
plem

ented at the proposed 
Tarrone pow

er station. This is the nom
inal level of N

O
x  control applied to open cycle gas pow

er 
stations in V

ictoria and A
ustralia. 

C
atalytic C

om
bustion 

In catalytic com
bustion, fuel oxidises under lean conditions in the presence of a catalyst. C

atalytic 
com

bustion is a flam
eless process, allow

ing fuel oxidation to occur at tem
peratures w

here N
O

x

form
ation is low

. C
atalytic com

bustion reduces N
O

x  em
issions to 3 ppm

 how
ever the developm

ent of 
catalytic com

bustion for gas turbines greater than 15 M
W

 has not yet been com
m

ercialised. This 
technology w

ould not be suitable for the proposed Tarrone pow
er station as each of the turbines 

w
ould be w

ell in excess of 100 M
W

. 

Selective C
atalytic R

eduction (SC
R

) 
S

elective catalytic reduction (S
C

R
) is a post-com

bustion N
O

x control m
ethod. A

m
m

onia is injected into 
the flue gas and reacts w

ith N
O

x in the presence of a catalyst to produce N
2

and H
2 O

. The SC
R

 
system

 is located in the exhaust path w
here the tem

perature of the exhaust gas m
atches the 

operating tem
perature of the catalyst. S

C
R

 reduces betw
een 80 to 90%

 of the N
O

x in the gas turbine 
exhaust, depending on the degree to w

hich the chem
ical conditions in the exhaust are uniform

. W
hen 

used in series w
ith w

ater / steam
 injection or D

LN
 com

bustion, S
C

R
 can result in low

 single digit N
O

x

levels (2 to 5 ppm
). H

ow
ever, am

m
onia can “slip” through the process unreacted (know

n as am
m

onia 
slip) and requires on-site storage of am

m
onia, a hazardous chem

ical.  

W
hen operated in sim

ple cycle m
ode, the use of high tem

perature S
C

R
 or dilution to air is required to 

reduce exhaust tem
perature. S

C
R

 is generally not applied to the large fram
e turbines in open cycle 

m
ode due to the high tem

perature m
ode of operation. It is technically feasible to use high tem

perature 
S

C
R

 technology but to date this has only been successfully im
plem

ented on turbines less than 50 M
W

 
in size, w

ith exhaust tem
peratures of approxim

ately 350 degrees C
elsius. This is achieved by m

ixing 
the high tem

perature exhaust w
ith fan forced cool air and often w

ater to reduce the tem
perature at the 

S
C

R
 to w

ithin the operating lim
it of the catalyst used. G

iven these lim
itations to S

C
R

, the technology 
w

ould not be suitable for im
plem

entation at the proposed Tarrone pow
er station. 

5.2.3 
Energy Efficiency 

Effects of A
m

bient C
onditions on Perform

ance 
The am

bient conditions under w
hich a gas turbine operates have a noticeable effect on the pow

er 
output. A

t elevated inlet air tem
peratures, the pow

er decreases. The pow
er decreases due to the 

decreased air flow
 m

ass rate (the density of air declines as tem
perature increases). C

onversely, the 
pow

er increase w
hen the inlet air tem

perature is reduced. A
t inlet air tem

peratures of near 38�C
, 

pow
er output can drop to as low

 as 90%
 of IS

O
-rated pow

er for typical gas turbines.  
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A
t cooler tem

peratures of about 4 to 10�C
, pow

er can increase to as high as 105%
 of IS

O
-rated 

pow
er. IS

O
-rated pow

er refers to the pow
er rating of the turbine at an am

bient tem
perature of 15 °C

, 
relative hum

idity of 60%
 and am

bient pressure at sea level. 

The density of air decreases at altitudes above sea level. C
onsequently, pow

er output decreases w
ith 

an increase in altitude. The Tarrone site is approxim
ately 80m

 above sea level. 

The 
region 

encom
passing 

the 
proposed 

Tarrone 
pow

er 
station 

experiences 
m

oderately 
w

arm
 

sum
m

ers w
ith average daytim

e tem
peratures around 25�C

, w
ith occurrences of hot conditions to a 

m
axim

um
 recorded tem

perature of 46�C
. A

verage daytim
e w

inter tem
peratures are approxim

ately 
13�C

 w
ith recorded night tim

e m
inim

um
s reaching low

s of approxim
ately -5�C

. Therefore, in sum
m

er 
during peak electricity dem

and, high day tim
e tem

peratures w
ould reduce the pow

er output of the gas 
turbines. 

The Tarrone site is considered to be an appropriate site for gas turbine perform
ance and efficiency. 

The site is close to sea level and is not dissim
ilar w

ith respect to tem
perature ranges to other locations 

w
ith access to suitable gas supplies and electricity transm

ission. 

Perform
ance and Efficiency Enhancem

ents 
Inlet A

ir C
ooling 

The 
decreased 

pow
er of 

gas 
turbines 

at high am
bient 

tem
peratures 

m
eans 

that 
gas 

turbine 
perform

ance is at its low
est at the tim

es pow
er is often in greatest dem

and and m
ost valued (in the 

local context). C
ooling the air entering the turbine by 4 to 10°C

 on a hot day can increase pow
er 

output by approxim
ately 1 to 3%

. The decreased pow
er resulting from

 high am
bient air tem

peratures 
can be m

itigated by inlet-air cooling, including evaporative cooling. 

W
ater flow

s over baffles and air is draw
n into the gas turbine inlet through the baffles. The air is 

cooled by evaporation as it passes over the baffles. E
vaporation of the w

ater reduces the tem
perature 

and increases the density of the air, allow
ing the gas turbine to operate at a higher output. A

fter 
traversing the baffles the rem

aining w
ater is collected in a sum

p and then recycled to the top of the 
baffles. W

ater is continually added to replace the evaporated w
ater. 

A
s w

ater evaporates there is an increase in the concentration of dissolved salts. To control the salt 
concentration and to prevent scaling of the system

 (precipitation of salts), som
e w

ater is continually 
bled off or ‘blow

n dow
n’ from

 the sum
p. The blow

 dow
n rate is adjusted to keep the concentration of 

dissolved salts below
 the threshold for scaling to occur. The blow

 dow
n w

ater is collected in a pond 
and left to evaporate. 

The w
ater requirem

ents for evaporative cooling of E
 and F C

lass generators are presented in Table 
5-3. These figures dem

onstrate the m
axim

um
 quantities of w

ater required, w
hich w

ould coincide w
ith 

m
axim

um
 operating capacity during hot sum

m
er w

eather w
ith low

 hum
idity. A

ctual w
ater consum

ption 
w

ould vary based on actual w
eather conditions. 
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Table 5-3 
W

ater D
em

and R
equirem

ent for E and F C
lass G

enerators 

A
pproxim

ate W
ater D

em
and R

equirem
ent for O

peration at M
axim

um
 

C
apacity (kL/hr) 3

W
ater

D
em

and
S

ource
P

er E
 C

lass 
turbine

1

T
otal

(4 E
 C

lass 
T

urbines)

P
er F C

lass 
turbine

2

T
otal

(3 F C
lass 

T
urbines)

Evaporation 
7.5 

30
8.8

26.4
B

low
 dow

n 
1.9 

7.6
2.2

6.6
M

ake up 
9.4 

37.6
11

33
R

ecirculated 
13.1 

52.4 
15.3 

45.9 
N

otes:
1. S

ourced from
 Leafs G

ully w
ater dem

and requirem
ents 

2. M
ake up volum

e sourced from
 G

T P
ro softw

are package w
ith the rem

aining w
ater dem

and am
ounts calculated as a ratio 

from
 the E

 C
lass data. 

3. The above w
ater consum

ption only applies at tim
es w

hen evaporative cooling is in operation. The evaporative cooling 
typically runs during tim

es of high tem
perature and low

 hum
idity. 

E
vaporative cooling of inlet air to the gas turbine w

ill enable increased pow
er generation output at the 

proposed Tarrone pow
er station. 

D
uring the tendering process, som

e additional/alternative energy enhancem
ent options including w

et 
com

pression and fogging w
ill also be considered. 

5.2.4 
N

oise M
itigation 

N
oise em

issions from
 turbine generators are inherently relatively high, and are generally attenuated to 

reduce noise levels.  A
n appropriately high level of noise m

itigation has been adopted by A
G

L for this 
project to ensure that the operating plant does not degrade the existing acoustic environm

ent, nor 
cause annoyance to the com

m
unity surrounding the plant. 

N
oise m

itigation m
easures for the prim

ary com
ponents of the proposed gas turbines are: 

�
acoustic enclosure of turbine com

partm
ents consists of tw

o layers of 2 m
m

 thick steel outer plate, 
75 m

m
 thick rockw

ool insulation and perforated steel inner plate 
�

acoustic enclosure of exhaust diffusers consists of tw
o layers of 4 m

m
 thick steel outer plate, 150 

m
m

 thick rockw
ool insulation and 4 m

m
 thick steel inner plate 

�
silencing on the inlet system

 via an 8 foot long parallel acoustic baffle 

These noise m
itigation m

easures exceed the default ‘standard m
easures’ and are considered best 

practice for peaking turbine generators. 

5.2.5 
System

s and Procedures 
A

G
L has strong operating system

s and procedures in place through its health, safety and environm
ent 

(H
S

E
) m

anagem
ent system

 and over-arching set of environm
ental principles based on continual 

im
provem

ent. These system
s and procedures enable A

G
L to achieve best practice in environm

ental 
m

anagem
ent. 
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H
SE M

anagem
ent System

 
A

G
L’s H

S
E

 m
anagem

ent system
 is based on IS

O
 14001 and assists A

G
L to proactively m

anage 
environm

ental risks and com
pliance issues, define environm

ental responsibilities, and m
easure and 

benchm
ark our environm

ental perform
ance. 

A
G

L’s Environm
ental Principles 

C
om

pliance
A

G
L w

ill m
eet or exceed statutory obligations and relevant codes of conduct and its internal 

standards. 

M
onitoring, R

eporting and C
om

m
unication 

A
G

L’s environm
ental perform

ance m
easurem

ent and reporting w
ill be consistent w

ith recognised 
national and global reporting standards. 

A
G

L w
ill apply the assurance and verification principles of m

ateriality and com
pleteness and 

responsiveness w
hen m

easuring, m
onitoring and reporting environm

ental perform
ance. 

Im
pact M

inim
isation 

A
G

L w
ill reduce risk to the environm

ent and m
inim

ise our environm
ental im

pact, by integrating 
considerations of environm

ental sustainability in all activities.  

K
ey considerations for A

G
L and its stakeholders in m

inim
ising environm

ental im
pact include pollution 

prevention, prom
otion of w

aste m
inim

isation, reuse and recycling, the efficient use of resources such 
as w

ater and energy and protecting cultural heritage. 

A
G

L w
ill provide products, services and inform

ation to help custom
ers m

ake inform
ed energy choices 

to benefit their hom
e, business and the environm

ent. 

C
ontractors and suppliers are expected to dem

onstrate consistency w
ith A

G
L’s approach by fulfilling 

their environm
ental responsibilities.

C
lim

ate C
hange and R

enew
ables 

C
onsistent w

ith business objectives and A
G

L’s G
reenhouse G

as P
olicy, A

G
L w

ill w
ork in consultation 

w
ith its external stakeholders to im

prove greenhouse gas em
ission outcom

es. 

Stakeholder Engagem
ent 

A
G

L w
ill provide leadership and actively participate in the policy debate on energy and environm

ental 
m

atters. AG
L w

ill engage w
ith governm

ent, industry and com
m

unity, its em
ployees and other 

stakeholders about how
 to achieve sustainability in the energy sector. 

A
G

L’s em
ployees are encouraged to contribute to im

proving A
G

L’s environm
ental perform

ance. 

A
G

L w
ill aim

 to build know
ledge, capability and understanding of environm

ental m
anagem

ent issues 
for its em

ployees. 
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5.3 
Integrated Environm

ental A
ssessm

ent 

W
ater Sources 

The three potential options available to A
G

L for the supply of process w
ater to the proposed Tarrone 

pow
er station are set out below

. In considering each option, it should be noted that the process w
ater 

that w
ill be used for the evaporative cooling system

 m
ust be of a certain quality (refer to S

ection 
9.2.2).

O
ptions

�
extracting and treating groundw

ater;  
�

road tankering in w
ater (the quality of w

hich w
ill dictate pre-treatm

ent needs); or  
�

connecting to the P
ort Fairy recycled w

ater treatm
ent plant w

hich has been proposed as part of the 
S

haw
 R

iver pow
er station project (this option w

ill be subject to that project proceeding). The 
indicated quality of this recycled w

ater 2 is such that it is unlikely to require further treatm
ent at 

Tarrone P
ow

er S
tation prior to use.  

A
ll three options are currently being considered by A

G
L and have been addressed in this W

orks 
A

pproval A
pplication. 

Extracting and Treating G
roundw

ater

G
roundw

ater extracted from
 a bore on-site is expected to contain elevated levels of total dissolved 

solids (TD
S) and iron, rendering it of insufficient quality to be utilised directly in the evaporative cooling 

system
 w

ithout prior treatm
ent. Treatm

ent options for groundw
ater include: 

�
Iron rem

oval via aeration, coagulant / flocculant dosing and m
ultim

edia filtration, follow
ed by: 

�
E

lectrodialysis reversal (ED
R

); or 
�

R
everse osm

osis (R
O

); or 
�

Ion-exchange. 

E
ach of these w

ater treatm
ent system

s is considered “best practice”. N
otw

ithstanding, each w
ill 

generate a w
aste stream

 that requires m
anagem

ent. G
iven that the evaporative cooling system

 is 
estim

ated to require about 8.3 M
L/annum

 of w
ater (assum

ed 220 hr annual runtim
e for evaporative 

coolers), of the order of 12, M
L/annum

 of groundw
ater w

ould require treatm
ent, w

hich m
ay involve 

iron rem
oval and desalination.  

U
nder this treatm

ent system
 4.8 M

L/annum
 of w

astew
ater w

ould be generated and directed to an 
evaporation pond on-site for concentration. P

eriodically, the evaporation pond residue w
ould require 

transportation off-site as prescribed w
aste for appropriate further treatm

ent and/or disposal.  

Treatm
ent of groundw

ater on-site w
ould increase the com

plexity of the plant design and layout, 
specifically to the design of the evaporation pond and to the storage and use of chem

icals on-site. 

R
oad Tankering in W

ater 

Tankering in w
ater w

ould elim
inate or reduce the need for and/or com

plexity of pre-treatm
ent, 

depending upon the quality of the w
ater available relative to that required for direct use in the 

evaporative cooling system
. The additional environm

ental issues (i.e. air / noise em
issions, road 

m
aintenance and safety) associated w

ith increased traffic to the site from
 regular w

ater deliveries 
w

ould need to be considered. 

                                                     
2 W

annon W
ater 2010, W

orks A
pproval A

pplication P
ort Fairy R

ecycled W
ater Treatm

ent P
lant (To S

upply the P
roposed S

haw
 

R
iver P

ow
er S

tation), prepared by G
H

D
 for W

annon W
ater 
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Supply from
 the Port Fairy R

ecycled W
ater Treatm

ent Plant 

The use of piped recycled w
ater from

 the P
ort Fairy recycled w

ater treatm
ent plant is dependent on 

the S
haw

 R
iver pow

er station project proceeding.  It is likely that the w
ater from

 this source w
ould be 

suitable for direct use at Tarrone. 

Evaporative coolers 
A

t high am
bient tem

peratures there is a proportional decrease in the pow
er and efficiency of gas 

turbines. This m
eans that gas turbine perform

ance is generally at its low
est at the tim

es pow
er is often 

in greatest dem
and and m

ost valued. C
ooling the air entering the turbine by 4 to 10°C

 on a hot day 
can increase pow

er output by approxim
ately 1 to 3%

. The decreased pow
er resulting from

 high 
am

bient air tem
peratures can be m

itigated by inlet-air cooling through evaporative cooling. 

This increase in energy output during tim
es of high am

bient tem
peratures is gained through an 

increase in w
ater consum

ption. To gain approxim
ately 1 – 3%

 m
ore pow

er output, 4 E
 C

lass or three 
F C

lass turbines w
ould consum

e 33 – 38 kL/hour of w
ater (excluding additional w

ater that m
ight be 

consum
ed in possible pre-treatm

ent, respectively. Throughout the cycle of evaporative cooling, 26.4 - 
30 kL/hour is lost to evaporation and 6.6 – 7.6 kL/hour is rem

oved via “blow
 dow

n”, to reduce the 
concentration of dissolved salts in the circulating w

ater. This is considered best practice. 

In addition (or as alternatives) to evaporative coolers, other pow
er augm

entation technologies w
ill be 

considered that use w
ater to increase gas turbine pow

er output, such as w
et com

pression and 
fogging. The use of these technologies w

ill require w
ater, though the am

ount has not been quantified 
at this stage how

ever it is expected to be of the sam
e order as for evaporative coolers, w

ith a sim
ilar 

quality requirem
ent. 

N
O

x  Em
ission C

ontrol 
D

LN
 com

bustor technology involves prem
ixing of air and a lean fuel m

ixture that significantly reduces 
peak flam

e tem
perature and therm

al N
O

x  form
ation. D

LN
 technology can be im

plem
ented w

ith no 
additional w

ater use requirem
ents and provides superior N

O
x  control. This is an application of best 

practice. 

5.4 
C

hoice of Process and Technology 
P

lant size, fram
e size, M

W
 per area of footprint, energy efficiency and capital cost per M

W
 w

ere 
determ

ined by: 

�
analysing the requirem

ent for total installed capacity in the m
arket; 

�
the availability of gas at site; 

�
the availability of electricity transm

ission capacity; and 
�

the econom
ic unit size. 

G
as turbines are generally the sole technology used for peaking applications w

here pow
er is required 

at short notice for lim
ited periods. The only other technology that is com

m
only used for peaking is 

hydro electricity for w
hich there is little or no additional capacity potential in m

ainland A
ustralia. A

G
L’s 

recently com
m

issioned 140 M
W

 B
ogong hydro peaking plant is the largest hydro installation to be 

constructed in m
ainland A

ustralia during the past 25 years. G
as turbines are used for peaking pow

er 
in all A

ustralian m
ainland states. 
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5.4.1 
G

as Turbines 
O

pen cycle gas turbines using natural gas as the m
ain fuel source w

ere selected as the best option for 
the proposed Tarrone pow

er station as they represent the best practice technology for peak load 
operations. Industrial or fram

e (E
 C

lass and F C
lass) are the preferred options for the proposed 

Tarrone pow
er station given their ability to m

eet peak load dem
and. The turbines are required to be 

placed in service rapidly, handle interm
ittent operation, tolerate a high num

ber of starts and stops, and 
be reliable. E

 C
lass and F C

lass turbines w
ill m

eet these requirem
ents and are therefore suitable for 

the proposed Tarrone pow
er station.  

5.4.2 
Em

issions Technology 
A

s discussed in S
ection 5, dry low

 N
O

x  em
ission control is the preferred technology as it is regarded 

as current best practice
3 for controlling N

O
x  em

issions from
 gas-fired pow

er stations. C
ontinual 

developm
ent of the E

 and F C
lass gas turbines has resulted in further im

provem
ent in the energy 

efficiency of m
odern gas turbines, particularly in regard to heat rate. M

odern and efficient E
 and F 

C
lass gas turbines have been selected from

 several m
arket-leading m

anufacturers for consideration. 

5.5 
C

hoice of Location and Layout 

5.5.1 
Location of Proposed W

orks 
The proposed Tarrone pow

er station w
ill be located in the rural locality of Tarrone, in the M

oyne S
hire 

Local G
overnm

ent A
rea, in south-w

est V
ictoria. The site has been nom

inated for the proposed 
Tarrone pow

er station due to its proxim
ity to critical electricity and gas infrastructure and the suitable 

distance of the site from
 the nearest residences. 

It is proposed that a 500kV
 electrical sub-station w

ill be located on the Tarrone pow
er station site to 

connect the pow
er station to V

ictoria’s electricity grid through the high-voltage M
oorabool-H

eyw
ood 

transm
ission line that crosses the site. The substation w

ill also service the proposed M
acarthur w

ind 
farm

 (should that project proceed). 

A
n underground gas pipeline w

ill provide a connection to the nearby high-pressure S
E

A
 G

as pipeline 
(P

ort C
am

pbell – A
delaide). The gas can be supplied at the pipeline pressure w

ithout the need for 
additional com

pression. 

The site is relatively isolated providing adequate buffers, w
ith the nearest residence approxim

ately 
1500 m

etres to the north-east. The site plan is located in Figure 3. 

Pow
er Station Site 

The pow
er station site is located w

ithin an approxim
ately 75 hectare battle axe land parcel w

ith a 
w

estern frontage to Landers Lane, Tarrone and a southern frontage to R
iordans R

oad, Tarrone. A
 

narrow
 on title access (battle axe handle) extends from

 the north-east corner, east to Tarrone N
orth 

R
oad. The Australian M

ap G
rip (A

M
G

) (G
eocentric D

atum
 of A

ustralia (G
D

A
) 94) coordinates of the 

pow
er station site are listed in Table 5-4. 

                                                     
3 E

nvironm
ent P

rotection A
uthority W

estern A
ustralia. G

uidance for the assessm
ent of environm

ental factors. G
uidance 

S
tatem

ent for E
m

issions of O
xides of N

itrogen from
 G

as Turbines. N
o.15. M

ay 2000. 
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Table 5-4 
C

oordinates of the Pow
er Station Site 

P
oint 

E
asting 

N
orthing 

N
orth-w

est corner 
602889 

5773985 
South-w

est corner 
603697 

5773979 
South-east corner 

603692 
5773158 

N
orth-east corner 

602863 
5773159 

Eastern end of battle axe handle 
604623 

5773956 

D
evelopm

ent w
ithin the pow

er station site w
ill consist of the pow

er station area, a 500 kV
 substation 

and auxiliary onsite infrastructure w
ith a total developed area of approxim

ately 15 hectare, as show
n 

in Figure 3 and described below
. 

Pow
er Station Plant A

rea 
The m

ain pow
er station plant w

ould be developed w
ithin an approxim

ate 5 hectare developm
ent 

footprint in the north-w
est corner of the overall site area. The A

M
G

 coordinates of the plant area are 
listed in Table 5-5. 

Table 5-5 
C

oordinates of the Pow
er Station Plant A

rea 

P
oint 

E
asting 

N
orthing 

N
orth-w

est corner 
602879 

5773928 
South-w

est corner 
602956 

5773761 
South-east corner 

603099 
5773684 

South corner 
602956 

5773683 
N

orth-east corner 
603099 

5773928 
W

est C
orner 

602881 
5773761 

500kV Substation 
The 500kV

 substation w
ill be developed w

ithin an approxim
ate 7 hectare footprint adjacent to the 

pow
er station plant area and the high voltage transm

ission line that crosses the site. The A
M

G
 

coordinates of the substation are listed in Table 5-6. 

Table 5-6 
C

oordinates of the Substation A
rea 

P
oint 

E
asting 

N
orthing 

N
orth-w

est corner 
603226 

5773681 
South-w

est corner 
603258 

5773573 
South-east corner 

603469 
5773636 

N
orth-east corner 

603433 
5773740 
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A
uxiliary Infrastructure 

A
uxiliary infrastructure including an access road from

 Tarrone N
orth R

oad, site buildings (including 
office, control room

, w
orkshop, am

enities), w
ater treatm

ent facilities, storm
w

ater and evaporation 
ponds and construction laydow

n areas w
ill be developed on the site as show

n on Figure 3 w
ith a total 

footprint of approxim
ately 3.6 hectares. 

5.5.2 
Land O

w
nership 

The proposed Tarrone pow
er station site and m

ajority of the gas pipeline corridors are privately ow
ned 

freehold land. The gas pipeline investigation corridors associated w
ith the Tarrone pow

er station cross 
the road reserves of H

eyw
ood-W

oolsthorpe R
oad, Kangertong R

oad, Tarrone N
orth R

oad, C
oom

ete 
R

oad and W
illatook-W

arrong R
oad, w

hich are C
row

n land. The east-w
est gas pipeline investigation 

corridor crosses Tarrone N
orth R

oad, C
oom

ete R
oad and W

illatook-W
arrong R

oad. The north-south 
gas pipeline investigation corridor crosses H

eyw
ood-W

oolsthorpe R
oad and K

angertong R
oad. 

A
n easem

ent associated w
ith the M

oorabool-H
eyw

ood high-voltage transm
ission lines crosses the 

site. The easem
ent w

ould be m
odified to allow

 for the 500kV
 electrical sub-station. There are currently 

no native title claim
s on the site at the date of this application. 

A
G

L intends to purchase the freehold pow
er station site after obtaining the necessary governm

ent 
approvals.

5.5.3 
Existing Site Land U

se 
The proposed pow

er station plant area is located in the north-w
est corner of the rural site, w

hich is 
currently used for livestock grazing, betw

een the substation to the east and Landers Lane to the w
est. 

The 5 hectare pow
er station plant area is approxim

ately 225 m
etres long (north to south) and 

approxim
ately 210 m

etres w
ide (w

est to east) located close to the northern and w
estern site 

boundaries. 

The only existing developm
ent on the site is the pylons associated w

ith the M
oorabool-P

ortland high-
voltage transm

ission line. 

5.5.4 
Land Zoning 

The site is currently used for livestock grazing and is categorised as a Farm
ing Zone (FZ) under the 

provisions of the M
oyne P

lanning S
chem

e. A
djoining land is also classified as a Farm

ing Zone. 

5.5.5 
Surrounding Land U

se 

A
djoining Land U

se 
The land use adjoining the proposed pow

er station site and pipeline corridors is agricultural, m
ainly 

used for grazing cattle and sheep. 

Proxim
ity to R

esidences and U
rban C

entres 
There are seven houses w

ithin approxim
ately tw

o kilom
etres of the peaking pow

er station site, the 
closest being approxim

ately 1500 m
etres to the north-east.  
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The proposed Tarrone pow
er station site is located approxim

ately seven kilom
etres north-east of 

O
rford, seven kilom

etres w
est of W

illatook, 15 kilom
etres south-w

est of H
aw

kesdale, 16 kilom
etres 

north-w
est of K

irkstall. The residences are identified on the location plan in Figure 2. 

R
oad A

ccess 
The proposed Tarrone pow

er station site adjoins Landers Lane on the w
estern boundary, R

iordans 
R

oad on the southern boundary and has on title access to Tarrone N
orth R

oad to the east. Tarrone 
N

orth R
oad is a sealed road that provides access to H

eyw
ood-W

oolsthorpe R
oad (C

176). R
oad 

access to the site w
ould be from

 Tarrone N
orth R

oad. 

Infrastructure 
The proposed Tarrone pow

er station site has been chosen due to its proxim
ity to the junction of the 

high-voltage M
oorabool-H

eyw
ood transm

ission line and the high pressure SE
A

 G
as pipeline, w

ith 
electricity and gas connections from

 the Tarrone pow
er station being included w

ithin the project. 
H

ow
ever, there is currently no w

ater supply or sew
erage infrastructure in the area that could be 

utilised by the peaking pow
er station for w

ater supply. 

5.5.6 
Site Selection 

A
G

L has selected the Tarrone site due its proxim
ity to the S

E
A G

as P
ipeline and the M

oorabool-
H

eyw
ood high-voltage transm

ission line.  

The chosen site w
ill allow

 A
G

L to access gas from
 the existing S

E
A

 G
as P

ort C
am

pbell to A
delaide 

gas pipeline. M
inim

ising extensions to gas pipelines is a key consideration due to cost and 
environm

ental im
pact, and therefore a site w

ithin close proxim
ity to the pipeline w

as selected. 
M

inim
ising the length of gas lateral required to connect to the site is another key consideration. 

The pow
er station developm

ent area w
ithin the site has been selected because it offers the greatest 

buffers 
to 

the 
nearest 

residences 
and 

is 
adjacent 

to 
the 

high 
voltage 

M
oorabool-H

eyw
ood 

transm
ission line. Furtherm

ore, there is the potential for the proposed Tarrone pow
er station to share 

the 500 kV
 substation infrastructure w

ith the M
acarthur w

ind farm
.  

P
rior to selecting the Tarrone site, A

G
L considered various other locations in V

ictoria. H
ow

ever, the 
only existing transm

ission line in V
ictoria w

ith capacity to accom
m

odate the requirem
ents of the 

proposed pow
er station is the M

oorabool-H
eyw

ood transm
ission line. 
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6R
esources

6.1 
C

arbon 

6.1.1 
G

reenhouse G
as Em

issions 
The annual operating hours for gas fired peaking pow

er stations can vary significantly from
 year to 

year as they are used at tim
es w

hen additional electricity is required by the grid.  The national 
electricity m

arket is extrem
ely volatile and com

plex. P
eak loading pow

er plants are used at tim
es 

w
hen additional electricity is required by the grid, such as during hot sum

m
er days or cold w

inter 
m

ornings and evenings. A
s a result the distribution of operating hours can vary significantly from

 year 
to year. It is difficult therefore to predict w

ith certainty w
hen the plant w

ill be operating and for how
 

m
any hours. Typically, how

ever, the annual operating hours are expected to be approxim
ately 5%

 
(440 hours). 

A
t a 5%

 usage rate, the expected gas and electricity consum
ption w

ould result in the em
ission of 

betw
een 150,000 - 200,000 tonnes of carbon dioxide equivalent per year for the am

ount of gas 
consum

ed. From
 tim

e to tim
e, it is possible that the pow

er station m
ay operate in excess of this level 

due to circum
stances such as drought years w

here availability of electricity generated from
 hydro and 

coal generators are reduced. In future years, it is also possible that operating hours m
ay increase due 

to the introduction of clim
ate change legislation. H

ow
ever, sustained increases in dem

and for gas fired 
generation w

ould likely be m
et by new

ly built com
bined cycle gas turbine pow

er stations at other 
locations. In any event, increased operation of the gas fired peaking pow

er station w
ill m

ost likely be 
displacing generation from

 a generator w
ith higher intensity carbon em

issions (e.g. V
ictorian brow

n 
coal fired pow

er stations). 

R
efer to S

ection 9.1 for additional details on greenhouse gas em
issions and carbon m

anagem
ent. 

6.1.2 
Electricity U

sage 
P

eaking pow
er stations are significant net electricity generators, but also use a relatively sm

all am
ount 

of grid electricity, and a very sm
all proportion of the electricity generated.  The grid electricity is 

required for a range of plant and equipm
ent operating w

hen the turbines aren’t generating including 
general lighting, control system

s, building heating (if electric) and cooling, gas turbine starter m
otors, 

oil recirculation pum
ps, com

partm
ent ventilation fans and lighting, w

ater treatm
ent plant pow

er and 
w

ater distribution pum
ping.  The sm

all proportion of generated electricity that is consum
ed is 

associated solely w
ith generator equipm

ent including gas turbine shell exhaust blow
ers, cooling fans, 

and cooling w
ater recirculation pum

ps.  B
ased on the electricity usage of the sim

ilar Som
erton 

P
eaking P

ow
er S

tation, the total electricity consum
ed by the plant (grid and self-generated) w

ould be 
expected to represent of the order of 2%

 (or less) of the net electricity generated. 

R
efer to S

ection 9.1 for additional details on electricity usage. 

6.2 
W

ater 
It is anticipated that the proposed Tarrone pow

er station w
ill require approxim

ately 10 - 15 M
L of w

ater 
per year. D

uring operation w
ater w

ill be used on site for: 
�

process w
ater; 

�
m

aintenance of equipm
ent; 

�
fire services; 

�
dom

estic use; and 
�

landscaping. 
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Three options for the provision of w
ater supply are being investigated, including: 

�
groundw

ater extraction; 
�

transport of w
ater by licensed carrier and w

ater tanker to site; and 
�

use of recycled w
ater piped to site. 

R
efer to S

ection 9.2 for additional details on w
ater usage and w

ater m
anagem

ent on-site. 

6.3 
Solid W

aste 
D

uring operation sm
all quantities of solid w

astes m
ay be generated during m

aintenance activities, 
prim

arily m
etal scrap, rags, air and oil filters. A

 very sm
all am

ount of solid office w
aste m

ay also be 
generated. Q

uantities of dom
estic / office w

aste have been estim
ated based on the num

ber of 
operators on site. The site w

ill typically by m
anned 8 hours per day M

onday to Friday by up to five 
perm

anent staff on site. D
uring m

inor m
aintenance periods up to 10 contractors m

ay be present for 5 
days every 2-3 years and during m

ajor m
aintenance periods up to 50 contractors m

ay be present for 2 
m

onths every 6-7 years. 

A
ll solid w

astes generated on site w
ill be collected by m

aintenance personnel or contractors for 
disposal. W

aste w
ill be segregated and recycled w

here appropriate (e.g. paper, m
etal etc) and non-

recyclable w
astes w

ill be transported to m
unicipal landfill. B

ased on the above inform
ation an estim

ate 
of 5 tonnes per annum

 of solid w
aste in the form

 of m
etal scrap, rags, air and oil filters, dom

estic 
w

aste, paper has been proposed for the Tarrone pow
er station. G

iven the am
ount of solid w

aste 
estim

ated w
ill not exceed the 100 tonne/year threshold solid w

aste w
ill not be addressed in m

ore 
detail in this application. 

6.4 
Prescribed Industrial W

aste 
It is anticipated that the proposed Tarrone pow

er station w
ill produce approxim

ately 3 tonne of solid / 
oily prescribed w

aste and 37 kL of liquid prescribed w
aste per year. Liquid and solid prescribed w

aste 
produced during operation can be classified as: 

�
O

il and oily w
aste; 

�
P

ossible w
ater treatm

ent w
aste; 

�
Turbine w

ash w
ater; 

�
E

vaporation pond w
aste; and 

�
S

eptic sludge and chem
ical containers. 

R
efer to S

ection 9.4 for additional details on solid and liquid prescribed w
aste production and 

m
anagem

ent on-site. 
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7Em
issions

7.1 
A

ir 
The m

ajority of em
issions to air arising from

 the proposed Tarrone pow
er station w

ill originate from
 the 

com
bustion of natural gas in the gas turbines for the purposes of electricity generation. The m

ajor 
em

issions from
 natural gas com

bustion in turbines are: 
�

nitrogen (N
2 ); 

�
oxygen (O

2 );
�

carbon dioxide (C
O

2 );
�

w
ater vapour; 

�
oxides of nitrogen (N

O
x );

�
sulphur dioxide (S

O
2 ); and  

�
carbon m

onoxide (C
O

). 

W
ater vapour w

ill be the only visible em
ission. S

m
all quantities of polyarom

atic hydrocarbons (P
A

H
s) 

and V
olatile O

rganic C
om

pounds (VO
C

s) w
ill also em

itted by the turbines. 

R
efer to S

ection 9.5 for additional details on air em
issions, air em

issions m
anagem

ent and im
pacts on 

air quality. 

7.2 
D

ischarge to Surface W
ater 

7.2.1 
Storm

w
ater 

U
ltim

ately, the site resides w
ithin the catchm

ent of the M
oyne R

iver, as verified by the G
lenelg 

H
opkins C

atchm
ent M

anagem
ent A

uthority (C
M

A
) catchm

ent m
apping

4.  E
xisting onsite drainage 

consists of sub-catchm
ents that feed into open drains. W

ater drains from
 the north and north-east 

tow
ards the south-w

est, and is collected in an open drain, that flow
s from

 the north-w
est corner of the 

site to the south and exiting the site in a culvert (2 x 600 R
C

P) under R
iordans R

oad. This drain also 
collects w

ater from
 the catchm

ents to the north of the site. A
n additional drain exists in the south-east 

corner of the site directing w
ater from

 east to w
est, to the sam

e culvert under R
iordans R

oad. R
unoff 

from
 the site beyond R

iordans R
oad is expected to flow

 tow
ards the M

oyne R
iver m

ost likely via the 
ephem

eral stream
 B

ack C
reek, passing about 1.1 km

 to the east of the site (as show
n in Figure 2).  

B
ack C

reek flow
s south into the M

oyne R
iver at a point about 7.5 km

 to the south of the site.  O
ther 

than in significant storm
 events, it is unlikely that storm

w
ater runoff from

 the site w
ould reach this 

receiving w
ater, and w

ould norm
ally be lost by infiltration and evaporation. 

To the extent practicable, the proposed storm
w

ater m
anagem

ent regim
e for the Tarrone P

ow
er 

S
tation w

ill be designed to m
aintain the existing storm

w
ater flow

 regim
e on the site, w

hilst m
anage 

potential im
pacts on storm

w
ater discharge quality. O

nce the pow
er station is developed, the site runoff 

w
ill consist of: 

�
R

unoff from
 areas w

ith low
 or no potential to im

pact on storm
w

ater quality are expected to pass 
through a retarding basin prior to offsite discharge; 

�
R

unoff from
 hardstand areas are expected to be discharged to a sedim

entation pond prior to offsite 
discharge; 

�
Turbines, transform

ers and chem
ical storages w

ill be bunded and storm
w

ater w
ill only be 

discharge to the sedim
entation pond if confirm

ed to be un-im
pacted (i.e. oil free), otherw

ise the 
w

ater w
ill be educated and disposed of offsite to an appropriately licensed facility as prescribed 

w
aste; and 

�
S

om
e building roof w

ater that m
ay be collected for use on site. 

                                                     
4 http://w

w
w

.glenelg-hopkins.vic.gov.au/?id=onlinem
apping 
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The catchm
ent runoff w

ill be diverted around the site using perim
eter sw

ale drains and directed into 
the existing drain. Sw

ale drains are proposed as they provide treatm
ent for runoff.  The proposed 

storm
w

ater m
anagem

ent system
 is show

n in Figure 6. 

The site is located in the M
urray and W

estern P
lains S

egm
ent of the S

tate E
nvironm

ent P
rotection 

P
olicy (W

aters of V
ictoria) [S

E
P

P
(W

oV
)].  The protected beneficial uses of w

aters in the M
urray and 

W
estern P

lains S
egm

ent are nom
inated in the S

E
P

P
(W

oV
).  The corresponding w

ater quality 
objectives and indicators nom

inated in the S
E

P
P

(W
oV

) for “ low
lands of the G

lenelg &
 H

opkins 
catchm

ents, &
 P

ortland, C
orangam

ite and M
illicent C

oast Basins” are the applicable quality criteria for 
the receiving environm

ent. 

R
efer to S

ection 9.6 for additional details on storm
w

ater m
anagem

ent. 

7.3 
D

ischarge to Land 
N

o discharge to land and/or groundw
ater is proposed at the site.  A

 w
astew

ater evaporation pond w
ill 

be appropriately lined and all turbines, transform
ers and chem

ical storages w
ill be w

ithin concrete 
bunds to prevent discharge of any w

astes to land/groundw
ater. N

o surface w
ater irrigation w

ill occur 
on-site and no solid w

aste w
ill be discharged to an on-site landfill.  The only w

ater reuse that w
ill be 

considered is collection of roof runoff for direct industrial w
ater use. 

There have been no investigations of soil and/or groundw
ater quality beneath the site.  A

 review
 of the 

regional hydrogeology, discussed in Section 9.2.7, indicates that the total dissolved solids (TD
S

) 
concentration of the groundw

ater beneath the site w
ould be expected to be in the range 850 m

g/L to 
2000 m

g/L (refer to Table 9-4).  The corresponding groundw
ater segm

ents of the applicable S
tate

E
nvironm

ent P
rotection P

olicy (G
roundw

aters of V
ictoria) SEPP(G

oV) are B (m
ost likely) or A2.  The 

protected beneficial uses of w
aters in these segm

ents are nom
inated in the S

E
P

P
(G

oV
).  The 

corresponding groundw
ater quality objectives and indicators nom

inated in the S
E

P
P

(G
oV

) for the 
relevant segm

ent are the applicable quality criteria. 

R
efer to S

ection 9.7 for additional details on proposed m
easures to prevent im

pacts on land and/or 
groundw

ater. 

7.4 
N

oise Em
issions 

The sound pow
er levels (S

W
L) of equipm

ent that have been identified as the prim
ary on-site noise 

sources have been provided by A
G

L in octave frequency bands (betw
een 31.5 H

z and 8 kH
z). These 

levels 
for 

the 
F 

C
lass 

plant 
configuration 

option 
represent 

the 
noisiest 

types 
of 

engine 
and 

transform
er/substation configuration w

hich could be selected for each of the tw
o different facility 

configuration options (nam
ely the E

 and F C
lass options) and thus represent w

orst case scenario. The 
noise m

odelling has been conducted based on likely m
axim

um
 operating conditions. A

ll pre-defined 
sources w

ere positioned according to the proposed site layout in the respective noise m
odel. The 

precise positioning of the sources w
as not found to cause any significant uncertainty. 

R
efer to S

ection 9.8 for additional details on noise em
issions, noise em

issions m
anagem

ent and noise 
im

pacts on the surrounding environm
ent. 
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8 Environm
ental M

anagem
ent 

8.1 
N

on-routine O
perations 

A
 Q

uantitative R
isk A

ssessm
ent (Q

R
A) w

as prepared by P
lanager (2010) for the proposed Tarrone 

pow
er station to identify potential process upsets or failures and determ

ine the risk associated w
ith 

handling potentially hazardous m
aterial. 

The m
ain hazard associated w

ith the proposed Tarrone pow
er station is the handling of natural gas, 

w
hich is a flam

m
able gas held under pressure. H

azards m
ay arise w

ithin the plant area. The incidents 
likely to occur on-site have been derived from

 historical incidents at sim
ilar facilities. From

 this 
inform

ation it w
as determ

ined that a leak is the predom
inant m

ode in w
hich a hazardous incident m

ay 
occur. This w

ould generally only have the potential to cause injury or dam
age if there w

as ignition, 
w

hich resulted in a fire or explosion incident. 

The Q
R

A
 reports that the risk to the com

m
unity does not extend beyond the pow

er station site 
boundary. Therefore, there are no requirem

ents for restriction to residential developm
ent outside of 

the site. The risk associated w
ith the transport of dangerous goods and potentially hazardous m

aterial 
to the site is negligible. 

8.1.1 
M

onitoring 
A

G
L proposes to conduct environm

ental m
onitoring w

hen the plant is first operational (i.e. during 
com

m
issioning). The purpose of this m

onitoring is to confirm
 that the generators are operating as 

claim
ed, particularly w

ith respect to air and noise em
issions. 

A
ir em

issions from
 each generator w

ill be m
onitored under standard operating conditions. S

am
pling 

and analysis of stack em
issions w

ill be undertaken tw
ice, by a N

A
TA

 accredited laboratory. S
am

pling 
points installed in each stack w

ill be in accordance w
ith the requirem

ents of E
PA

 P
ublication N

o. 440. 
The actual em

issions w
ill be m

odelled to confirm
 the conclusions of the air im

pact assessm
ent (refer 

to S
ection 9.5). The proposed analyte suite w

ill com
prise m

any of the param
eters that are required to 

be reported under C
ategory 2b of the N

ational P
ollution Inventory (N

P
I) reporting requirem

ents. 

The proposed analyte list is as follow
s: 

�
tem

perature; 
�

m
oisture; 

�
carbon dioxide; 

�
carbon m

onoxide; 
�

oxides of nitrogen; 
�

sulphur dioxide; 
�

particulate m
atter (less than 10 �m

);
�

total V
O

C
’s; and 

�
P

A
H

’s. 

N
oise m

onitoring w
ill be conducted tw

ice to confirm
 the predictions of the noise im

pact assessm
ent 

(refer to S
ection 9.8). 

A
G

L does not believe that any further or ongoing m
onitoring for either air or noise is necessary since 

once com
m

issioned, the em
ission characteristics of gas turbine generators typically do not change 

significantly. 
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8.2 
Separation D

istances 
B

uffer distances are required to safeguard sensitive receivers from
 the potential effect of air 

discharges 
from

 
unintended 

or 
accidental 

em
issions 

(e.g. 
spills, 

equipm
ent 

failure). 
 

The 
R

ecom
m

ended B
uffer D

istances for Industrial R
esidual A

ir E
m

issions published by the E
P

A
 (A

Q
 2/86, 

July 1990) provides buffer distances for a num
ber of industry types. 

A
 recom

m
ended buffer distance for gas-fired pow

er generation sites, like that proposed at Tarrone, is 
not provided in the guidelines. The location of the proposed Tarrone pow

er station is approxim
ately 

1500m
 from

 the nearest sensitive receivers. In addition, the operational system
s in place at the 

proposed Tarrone pow
er station are expected to m

inim
ise the risk of any unintended or accidental 

em
issions, and as such there w

ill be no off-site effects associated w
ith the operation of the pow

er 
station.

8.3 
M

anagem
ent System

 

8.3.1 
C

onstruction Phase Environm
ental M

anagem
ent 

A
G

L w
ill ensure that all contractors involved in the construction and pre-com

m
issioning phase of the 

project w
ill operate in accordance w

ith an environm
ental m

anagem
ent plan (E

M
P

). The P
rincipal 

C
ontractor w

ill be required to develop a construction phase E
M

P
 in accordance w

ith the conditions 
prescribed by A

G
L. The P

rincipal C
ontractor’s EM

P
 w

ill be subject to approval by A
G

L prior to 
com

m
encem

ent. It w
ill also be provided to the E

P
A

 for approval if required by the W
orks A

pproval. 
A

G
L w

ill establish an audit program
 to m

onitor com
pliance w

ith the plan. The E
M

P
 w

ill provide a 
fram

ew
ork of policies and procedures to assist in the “day to day” m

anagem
ent of environm

ental 
issues during construction of the facility. 

For the Tarrone site, these environm
ental issues w

ill include: 

�
dust control; 

�
noise em

issions from
 vehicular and plant activity; 

�
storm

w
ater m

anagem
ent; 

�
sedim

ent control; 
�

spill control and m
anagem

ent; 
�

w
aste m

anagem
ent; and 

�
m

anagem
ent of onsite chem

icals. 

The construction phase EM
P

 w
ill ensure application of the E

P
A

’s E
nvironm

ental G
uidelines for M

ajor 
C

onstruction S
ites (P

ub 480 Feb 1996) and other relevant E
P

A
 guidelines. A tem

porary C
oncrete 

B
atching P

lant m
ay be operated on site during the construction phase. This w

ill be operated in 
accordance w

ith the E
P

A
’s E

nvironm
ental G

uidelines for the C
oncrete B

atching Industry (P
ublication 

628, June 1998).

8.3.2 
O

perations Phase Environm
ental M

anagem
ent 

A
G

L w
ill m

anage and operate the Tarrone facility under its ow
n m

anagem
ent system

. If required by 
E

P
A

, 
as 

a 
condition 

of 
the 

licence 
or 

W
orks 

A
pproval, 

AG
L 

w
ill 

prepare 
an 

E
nvironm

ental 
Im

provem
ent P

lan (E
IP

). 
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8.4 
C

onstruction 
C

onstruction activities associated w
ith the proposed Tarrone pow

er station w
ill com

m
ence w

ith the 
execution of a construction contract targeted for the fourth quarter of 2010 follow

ed by m
obilisation to 

site and com
pletion targeted by the fourth quarter of 2012. C

onstruction w
ill be separated into five 

phases as follow
s: 

Site M
obilisation 

Initially, a construction com
pound (including offices, am

enities, w
orkshop, m

aterial laydow
n and 

storage area) w
ill be established on-site w

ith facilities and equipm
ent to execute the construction 

phase. 

Site Preparation and Earthw
orks 

The site preparation and construction phase of the project w
ill begin w

ith land clearing required for the 
approved site layout and the rem

oval of topsoil. R
em

oved topsoil w
ill be stockpiled for reuse in 

landscaping 
follow

ing 
the 

com
pletion 

of 
construction. 

A
 

platform
 

level 
w

ill 
be 

established 
by 

earthw
orks w

ith a slight grade to assist site drainage. 

C
oncrete Foundation W

orks 
O

nce site preparation and earthw
orks have been com

pleted, concrete foundation w
orks w

ill be 
established for m

ajor plant equipm
ent and structures. This phase w

ill include the installation of internal 
underground piping and other internal infrastructure.  

B
uilding C

onstruction 
The m

ajor building construction phase w
ill include the transport of pre-fabricated plant equipm

ent to 
site, the installation of plant equipm

ent and the construction of building enclosures. E
lectrical 

equipm
ent and w

iring w
ill be installed to connect the plant to the electricity grid.  

R
oadw

orks 
Tarrone N

orth R
oad m

ay need to be w
idened by approxim

ately tw
o m

etres from
 a four m

etre w
ide 

seal to a six m
etre w

ide seal w
ithin the existing road reserve and be to the satisfaction of the C

ouncil. 
Intersection im

provem
ents m

ay also be m
ade to the H

eyw
ood-W

oolsthorpe R
oad to the satisfaction of 

V
icR

oads and the C
ouncil. S

ections of the H
eyw

ood-W
oolsthorpe R

oad m
ay require w

idening w
orks, 

subject to further investigations and consultation w
ith V

icR
oads. 

8.4.2 
Environm

ental M
anagem

ent during C
onstruction 

The 
environm

ental 
issues 

that 
are 

of 
im

portance 
during 

construction 
of 

the 
facility 

and 
the 

m
anagem

ent of these issues are discussed below
: 

Solid W
aste 

C
onstruction w

aste m
ay include scrap m

etal, off-cuts of piping, w
iring, sheet m

etal and excess soil. 
These w

aste m
aterials w

ill be categorised as either solid inert w
aste, clean fill or recyclable m

etal 
scrap. S

om
e excess soil m

ay be required to be disposed of off-site as a result of excavation for the 
installation of foundations and footings, although this is not anticipated at this stage.  



W
orks A

pproval Application 

8 Environm
ental M

anagem
ent 

36
43283491/01/05 

In-situ soil rem
oved on site could be relocated on site for purposes such as landscape m

ounds or as 
foundation for the access road. A

lternatively it m
ay be suitable for offsite disposal as clean fill m

aterial. 

N
o spoil quality investigations have been conducted at the site as no contam

ination is expected.  The 
only know

n prior use of the site is as pasture land for livestock grazing. 

It is conceivable that sm
all quantities of contam

inated soil or absorbent could be generated during the 
construction phase as a result of a hydraulic or lubricating oil leaks from

 vehicles and heavy 
equipm

ent. This m
aterial w

ould be classified as a P
rescribed W

aste. If generated, it w
ill be collected 

and disposed of accordingly. A
n appropriate spill m

anagem
ent procedure w

ill be incorporated w
ithin a 

proposed construction phase E
M

P
. 

A
ir

E
m

issions to the atm
osphere during the construction phase w

ill be predom
inately dust generated 

during earthw
orks and exhaust em

issions from
 construction vehicles. These em

issions w
ill be 

controlled to ensure health and am
enity of the surrounding areas is not im

pacted. D
ue to the 

separation distance betw
een the site and the nearest residence (approxim

ately 1500 m
), airborne 

em
issions, and their potential to im

pact on the health or am
enity of local residents, w

ill be negligible. 
W

hile the first stage of the construction phase w
ill last approxim

ately 24 m
onths, the peak potential for 

dust generation is during the stripping of topsoil and prior to the establishm
ent of the construction pad 

on the site. The necessary dust m
itigation m

easures w
ill be em

ployed to reduce dust generation 
including w

ater carts on an as-needs basis. 

Storm
w

ater 
D

uring construction, any w
ater produced from

 dew
atering activities, and storm

w
ater runoff from

 the 
construction site w

ill be treated and m
anaged on site in accordance w

ith E
P

A
 guidelines. 

N
oise

Victoria EPA
 Interim

 G
uidelines N

3/89 
The E

P
A

’s Interim
 G

uidelines for C
ontrol of N

oise from
 Industry in C

ountry V
ictoria N

3/89 sets out the 
daytim

e construction noise lim
it, w

hich is 10 dB
 above the low

est perm
issible daytim

e noise lim
it, 

except w
here this w

ould result in a lim
it greater than 68 dB

(A
). The construction noise lim

it applicable 
to the site is the low

est perm
issible daytim

e noise lim
it of 45 dB

(A
) plus 10 dB(A

) w
hich is 55 dB

(A) 
L

A
eq .

The E
P

A
 N

oise C
ontrol G

uidelines (P
ublication 1254, 2008) also provide guidelines for construction 

noise during norm
al w

orking hours, w
eekends and evenings, and during the night.  As the total 

construction period is expected to be approxim
ately 24 m

onths, it is considered appropriate to adopt 
the operational noise lim

its for evening and night-tim
e period, and N

3/89 for daytim
e period.  S

ite 
specific noise lim

its are presented in Table 8-1. 
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Table 8-1 
N

oise Lim
its during C

onstruction 

T
im

e of D
ay 

N
oise Lim

it (L
A

eq ), dB
(A

) 

N
orm

al w
orking hours

1
45 + 10 = 55

W
eekend & Evening w

orking hours
2

37
N

ight period
3

32
N

otes: 
1. 

7.00 am
 – 6.00 pm

 on M
onday to Friday / 7.00 am

 – 1.00 pm
 on S

aturdays 
2. 

6.00 pm
 – 10.00 pm

 on M
onday to Friday / 1.00 pm

 – 10.00 pm
 on S

aturdays / 7.00 am
 – 1.00 pm

 
on S

undays and public holidays 
3.

10.00 pm
 – 7.00 am

 on A
ll days

C
onstruction N

oise 
The m

ain construction activities w
ould involve the follow

ing stages: 

�
S

tage 1: R
em

oving the layer of vegetation and levelling; 
�

S
tage 2: B

ulk earthw
orks including site grading and excavation w

ork; 
�

S
tage 3: E

stablishing concrete foundations for plant and buildings; and 
�

S
tage 4: C

onstruction of buildings and installation of equipm
ent and m

achinery. 

C
onstruction Equipm

ent and A
ssociated N

oise Levels 
Typical construction equipm

ent expected on the Tarrone site and noise levels are sum
m

arised in 
Table 8-2. The sound pow

er levels presented in the table are indicative and should be used only as a 
guide.

Table 8-2 
Sound Pow

er Levels – C
onstruction Equipm

ent 

S
cenario 

P
roposed A

ctivities 
E

quipm
ent / P

lant Item
 

S
ound P

ow
er Level 

L
A

eq  dB
(A

) 

1 
S

ite preparation &
 E

arthw
orks 

E
xcavator 

Bulldozer 
G

rader
R

oller 
Loader 
D

um
p truck 

108 – 112 
102 – 114 
114 – 118 
103 – 112 
103 – 111 
102 – 107 

2 
C

oncrete Foundation W
orks  

C
oncrete truck 

C
oncrete m

ixer 
C

om
pactor

C
rane 

103 – 113 
107 – 111 
113 – 115 
104 – 108 

3 
B

uilding C
onstruction 

C
rane 

D
elivery trucks 

P
neum

atic tools 
E

lectric tools 
P

ow
er generators 

H
am

m
ers

104 – 108 
102 – 110 
110 – 115 
100 – 108 
100 – 106 
101 – 112 

Predicted C
onstruction N

oise Levels 
The noise levels generated by the construction activities listed above have been predicted at each 
receptor location. N

oise generated by construction activities w
ill vary as construction progresses.
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The noise m
odelling has been carried out considering the adverse m

eteorological conditions. The 
results for the predicted noise levels during construction of the pow

er station are presented in Table 
8-3.

Table 8-3 
Predicted C

onstruction N
oise Levels 

P
redicted N

oise 
Level under 
A

dverse
M

eteorological 
C

onditions

L
A

eq  dB
(A

) 

E
xceedance 

Location

P
ow

er S
tation 

C
onstruction 

D
ay

N
oise

C
riterion 

L
A

eq

dB
(A

)

E
vening

N
oise

C
riterion 

L
A

eq

dB
(A

)

N
ight

N
oise

C
riterion 

L
A

eq

dB
(A

)

D
ay 

E
vening 

N
ight 

A
28 – 35 

55 
37 

32 
N

o 
N

o 
N

o 
B

32 – 39 
55 

37 
32 

N
o 

Possible 
Possible 

C
34 – 40 

55 
37 

32 
N

o 
Possible 

Possible* 
D

32 – 39 
55 

37 
32 

N
o 

Possible 
Possible 

E
29 – 36 

55 
37 

32 
N

o 
N

o 
Possible 

F 
< 30 

55 
37 

32 
N

o 
N

o 
N

o 
G

30 – 37 
55 

37 
32 

N
o 

N
o 

Possible 
H

22 – 29 
55 

37 
32 

N
o 

N
o 

N
o 

*
A

lthough the corresponding predicted noise level (low
er end of the range) exceeds the night noise criteria, the construction 

scenario m
odelled w

ould be considered a reasonable “w
orst case” daytim

e construction scenario.  It w
ould be still be feasible to

conduct som
e selected construction activities at night w

hilst still achieving the noise criteria.

The predicted construction noise levels presented in Table 8-3 show
 that no exceedance of the noise 

lim
it is predicted at any location for the construction of the pow

er station during the day. S
pecific 

construction activities undertaken during the evening m
ay lead to an exceedance at receptors B

, C
 

and D
. C

onstruction activities w
ill be scheduled to be undertaken at an appropriate tim

e of the day for 
the activity in question. The construction activities generating the m

ost noise w
ill be conducted during 

the day. It should be noted that the predicted noise levels presented above result from
 a conservative 

noise m
odelling approach w

here it has been assum
ed that all equipm

ent w
ould operate continuously 

and sim
ultaneously during the assessm

ent period. 

O
ff-site Traffic N

oise 
A

s the specific duration and start/finish tim
es of construction shifts have not been determ

ined, it is 
assum

ed that that all m
ovem

ents w
ould take place during the peak periods for the region. This w

ould 
produce a conservative w

orst-case scenario in the event that shifts com
m

ence 7.00 am
 - 8:00 am

 and 
conclude 4.00 pm

 - 5.00 pm
 and that all personnel, m

aterial and equipm
ent deliveries w

ould occur in 
those periods. 

It is expected that the num
ber of construction personnel during the peak construction period w

ould 
reach 250 personnel per day. The vehicle m

ovem
ents associated w

ith construction personnel 
assum

es a vehicle occupancy rate of 1.2 persons per vehicle. A
ll construction personnel are assum

ed 
to arrive to the site in the m

orning and leave in the afternoon. 
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The V
ictorian legislation and guidelines (S

ection 4.1 in A
ppendix B

) do not include any criteria to 
assess off-site traffic noise associated w

ith construction. It is assum
ed that off-site traffic noise w

ith 
the 

proposed 
construction 

is 
m

inim
ised 

as 
m

uch 
as 

is 
practically 

possible 
by 

lim
itations 

on 
construction hours and A

ustralian D
esign R

ules w
hich apply to road-registered vehicles. 

N
oise M

itigation M
easures 

P
hysical construction noise m

itigation m
easures are not considered necessary. W

hile the proposed 
construction activities have lim

ited potential for im
pact on the local am

bient noise environm
ent, the 

follow
ing noise m

anagem
ent strategies can be applied w

hich w
ould further reduce the potential for 

noise issues during the proposed construction period: 

�
C

arrying out all construction w
orks w

ith consideration of the appropriate noise levels for the 
respective tim

es of day; 
�

S
cheduling construction to m

inim
ise m

ultiple use of the noisiest equipm
ent or plant item

s near 
noise sensitive receptors w

here practicable; 
�

S
trategic positioning of plant item

s to reduce the noise em
ission to noise sensitive receptors, w

here 
possible; 

�
C

arrying out m
aintenance w

ork aw
ay from

 noise sensitive receptors, w
here practicable; 

�
E

nsuring engine covers are closed, m
aintenance of silencers and m

echanical condition. 
M

aintenance for m
ajor item

s of construction equipm
ent that are significant contributors to 

construction noise levels; 
�

A
w

areness training for staff and contractors in environm
ental noise issues including; 

—
M

inim
ising the use of horn signals and m

aintaining to a low
 volum

e. A
lternative m

ethods of 
com

m
unication should be considered; 

—
A

voiding any unnecessary noise w
hen carrying out m

anual operations and w
hen operating 

plant; and 
—

S
w

itching off any equipm
ent not in use for extended periods during construction w

ork; 

�
R

estricting heavy vehicles’ entry to site and departure from
 site to the nom

inated construction 
hours;

�
W

here noise level exceedances cannot be avoided, consideration should be given to applying tim
e 

restrictions and/or providing quiet periods for nearby residents; 
�

C
om

m
unity consultation w

ith local residents and building ow
ners to assist in the alleviation of 

com
m

unity concerns. P
revious experience on sim

ilar projects has dem
onstrated that affected noise 

sensitive receptors m
ay be w

illing to endure higher construction noise levels for a shorter duration 
if they have been provided w

ith sufficient w
arning in the place of interm

ittent but extended periods 
of construction noise at low

er levels; and 
�

M
aintaining a suitable com

plaint register. S
hould noise com

plaints be received, undertake noise 
m

onitoring at the locations concerned. R
easonable and feasible m

easures w
ould need to be 

im
plem

ented to reduce noise im
pacts. 

W
ith the im

plem
entation of the m

itigation m
easures above, construction noise at all receptor locations 

is expected to com
ply w

ith the noise lim
it. 
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9
9 EPA

 A
pplication Sections A

 to I 

9.1 
A

 - C
arbon 

9.1.1 
A

1 - Energy U
se and G

reenhouse G
as Em

issions 

G
eneration 

The national electricity m
arket is extrem

ely volatile and com
plex. P

eak loading pow
er plants are used 

at tim
es w

hen additional electricity is required by the grid, such as during hot sum
m

er days or cold 
w

inter m
ornings and evenings. A

s a result the distribution of operating hours can vary significantly 
from

 year to year. It is difficult, therefore, to predict w
ith certainty w

hen the plant w
ill be operating and 

for how
 m

any hours. Typically how
ever, in V

ictoria the expected operating profile for a peak loading 
pow

er station of the size of the proposed Tarrone pow
er station is approxim

ately 200 days per year, 
w

ith daily run tim
es varying from

 less than 1 hour and up to 24 hours, although the likely daily rate is 
w

ithin the range of 2 to 6 hours per day. O
vernight running is rare. Typically, how

ever, the annual 
operating hours are expected to be approxim

ately 5%
 (440 hours). 

A
t a 5%

 usage rate, the expected gas and electricity consum
ption w

ould result in S
cope 1 and 2 

greenhouse gas em
issions for the considered engine types as show

n in Table 9-1.  

Table 9-1 
Scope 1 and 2 G

reenhouse G
as Em

issions 

G
enerator
C

lass
E

 C
lass 

F C
lass 

T
onnes C

O
2 -e per year 

T
onnes C

O
2 -e per year 

M
anufacturer 

M
odel 

S
cope
1

S
cope
2

S
cope

1 &
 2 

M
odel

S
cope
1

S
cope
2

S
cope

1 &
 2 

S
iem

ens
SG

T5-
2000E 

156,612 
6,908 

163,521 
SG

T5-
4000F 

178,001 
9,005 

187,006 

G
E 

9E 
120,711 

5,181 
125,892 

9FA
 

168,207 
7,883

176,090 
Ansaldo 

V94.2 
157,700 

6,990 
164,690 

V94.3 
179,815 

9,067 
188,882 

A
lstom

AE13E2
141,593 

6,867
148,460 

 
 

 
 

M
itsubishi 

 
 

 
 

M
701F3 

177,346 
8,327 

185,673 
N

otes:
1. E

ngines m
odelled for local air quality assessm

ent have been highlighted. 

N
ational G

reenhouse A
ccounts (N

G
A

) factors provide data on the em
issions of C

O
2 -e (carbon dioxide 

equivalent) generated through the com
bustion of gaseous fuels for pow

er generation taking account of 
em

issions of the three m
ain greenhouse gases – C

O
2 , C

H
4  (m

ethane) and N
2 O

 (nitrous oxide) 5.
S

cope 1 em
issions from

 electricity generation have been calculated using the N
G

A
 factors to provide 

data on the em
issions of C

O
2 -e generated through the com

bustion of gaseous fuels for pow
er 

generation. Scope 2 em
issions from

 electricity use have been calculated using the N
G

A
 factors to 

provide data on the em
issions of C

O
2 -e generated through the use of electricity from

 the national grid. 

                                                     
5 D

epartm
ent of C

lim
ate C

hange, 2009. ‘N
ational G

reenhouse A
ccounts (N

G
A

) Factors’. A
ustralian G

overnm
ent. 
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The m
axim

um
 annual S

cope 1 and 2 C
O

2 -e em
issions for the proposed E

 and F class engines is 
164,690 tonnes C

O
2 -e and 188,882 tonnes C

O
2 -e respectively. This represents 0.2%

 and 0.23%
, for 

E
 and F class engines respectively, of 2006 V

ictorian em
issions from

 stationary energy sources
6.

E
m

issions to atm
osphere of greenhouse gases are likely to be in the range of 150,000 to 200,000 

tonnes C
O

2 -e per annum
. 

Pow
er Station Electricity C

onsum
ption 

P
eaking pow

er stations are clearly significant net electricity generators, but also use a relatively sm
all 

am
ount of grid electricity, and a very sm

all proportion of the electricity generated. 

The grid electricity is required for a range of plant and equipm
ent operating w

hen the turbines aren’t 
generating including general lighting, control system

s, building heating (if electric) and cooling, gas 
turbine starter m

otors, oil recirculation pum
ps, com

partm
ent ventilation fans and lighting, w

ater 
treatm

ent plant pow
er and w

ater distribution pum
ping.  S

om
e of this usage is a function of the plant 

run tim
e (i.e relatively proportional eg w

ater treatm
ent plant operation), but som

e usage is not directly 
related to the plant operation (eg general lighting, and building heating and cooling) 

The sm
all proportion of generated electricity that is consum

ed is associated solely w
ith generator 

equipm
ent including gas turbine shell exhaust blow

ers, cooling fans, and cooling w
ater recirculation 

pum
ps.  This electricity usage is, to a larger extent, a function of the plant runtim

e. 

The pow
er station design is not yet sufficiently progressed to indicated and assess individual electricity 

dem
ands (including w

ater treatm
ent, etc), but som

e indication can be provided on the order of the 
am

ount of electricity used relative to generation by com
parison w

ith other peaking plants.  The A
G

L 
S

om
erton P

eaking P
ow

er S
tation is significantly sm

aller than the proposed Tarrone facility (nom
inal 

capacity 150 M
W

 com
pared to the proposed 720 – 920M

W
).  It also differs in one significant aspect of 

configuration in that w
ater injection is used for N

O
x control, rather than the proposed D

LN
 for Tarrone, 

w
hich has the effect of creating a significantly higher w

ater dem
and relative to energy generated (in 

2007/08 and 2008/09 S
om

erton P
ow

er S
tation used approxim

ately 23M
L per annum

, w
hilst it is 

proposed that Tarrone w
ill use only 10-15 M

L per annum
, despite it being approxim

ately 5 tim
es 

greater capacity).  H
ow

ever, other than this aspect S
om

erton provides a reasonable indication of the 
types and relative proportions of grid electricity and self-generated electricity consum

ption.  In 
2007/08, grid electricity use w

as 1.15 %
 of the net electricity generated from

 the pow
er station (1.36 

G
W

hr used of 117.57 G
W

hr net generated), and in 2008/09 it w
as 1.93%

.  The self generated 
electricity consum

ed at the pow
er station relative to the net electricity generated w

as 0.45%
 (0.52 

G
W

hr used com
pared to 117.57 G

W
hr net generated) in 2007/08 and 0.27%

 in 2008/09.  The 
electricity usage relative to electricity generated at Tarrone P

ow
er S

tation w
ould not be expected to be 

greater than at S
om

erton, and m
ay be low

er due to econom
ies of scale.   

9.1.2 
A

2 - B
est Practice C

arbon M
anagem

ent 
In the absence of renew

able technology to m
eet the rising dem

and in V
ictoria, the best alternative is to 

im
plem

ent low
 em

ission technology for energy production. B
urning natural gas in an open cycle gas 

turbine produces betw
een 50%

 and 60%
 less greenhouse gas (G

H
G

) em
issions than brow

n coal. 

                                                     
6 E

P
A

 V
ictoria; 2010. ‘A

ustralia and V
ictoria’s greenhouse gas em

issions’.  A
vailable online at 

http://w
w

w
.epa.vic.gov.au/greenhouse/australia-victoria-em

issions.asp .  Last accessed 30/3/10. 
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O
pen cycle gas turbines are ideal for responding to peak load dem

and and generally represent best 
practice for this type of use. 

U
nder norm

al circum
stances, it is unlikely that the proposed Tarrone pow

er station w
ill extend its 

operating hours given that its operating cost is relatively higher than other technologies. H
ow

ever, the 
capital cost per m

egaw
att generated for open cycle turbines is low

er than that for com
bined cycle gas 

turbines or coal fired generators, m
aking it m

ore cost effective for short periods of operation during 
peak tim

es. 

In 
addition, 

greenhouse 
gas 

em
issions 

w
ill 

also 
som

ew
hat 

reduced 
by 

the 
installation 

of 
an 

evaporative cooling system
 on the proposed Tarrone pow

er station. E
vaporative cooling of the inlet air 

into the com
pressors increases the efficiency of the pow

er generation process by increasing the 
pow

er output per volum
e of gas burnt (Section 5.2.3). 

In relation to electricity usage by the pow
er station, from

 the grid and also self generated electricity, 
the level of design detail is insufficient at this tim

e to consider the energy efficiency of individual plant 
item

s.  H
ow

ever, A
G

L com
m

its that best practice energy efficiency of individual equipm
ent item

s w
ill 

be significant consideration in the equipm
ent selection. 

This consideration w
ill apply to a possible w

ater treatm
ent plant.  If desalination is required three very 

broad technology options have been nom
inated for consideration,  There is insufficient definition 

(capacity, unit processes, etc) at this tim
e to consider the relative energy efficiency of the options, and 

there w
ill be other factors including w

ater usage efficiency, w
astew

ater quality and quantity, chem
ical 

consum
ption, w

aste disposal costs, evaporation pond size and cost, ease of operation, reliability and 
m

aintenance dem
ands that w

ill all be taken into account.  E
nergy efficiency w

ill be a significant factor 
in m

aking a decision betw
een the options based on the overall cost benefit analysis.  

9.2 
B

 - W
ater 

9.2.1 
B

1 - W
ater U

se 
It is anticipated that the peaking pow

er station w
ill require approxim

ately 10 - 15 M
L of w

ater per year. 
D

uring operation w
ater w

ill be used on site for: 

�
process w

ater; 
�

m
aintenance of equipm

ent; 
�

fire services; 
�

dom
estic use; and 

�
landscaping. 

Table 9-2 presents the estim
ated proportion of w

ater use for the m
ajor w

ater using equipm
ent or 

processes for the proposed Tarrone pow
er station. It excludes the additional w

ater dem
and if 

groundw
ater and desalination is required, up to approxim

ately 4 M
L. 
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Table 9-2 
Proposed W

ater U
se A

reas 

M
ajor w

ater using 
equipm

ent/processes
E

stim
ated w

ater volum
e 

(kL/year)
E

stim
ated %

 w
ater 

consum
ption 

Evaporative cooling system
 

7,300 – 8,300 
98.5 

Turbine w
ash w

ater 
40

0.5  
Fire services 

N
/A

0
D

om
estic w

ater usage 
80

1
Landscaping 

N
/A

 
0 

Total 
7,420 –

8,420 
100 

9.2.2 
Process W

ater R
equirem

ents 
The process w

ater is utilised in the evaporative inlet air coolers as part of the operation of the 
proposed pow

er station. The estim
ated requirem

ents for E
 C

lass turbine and F C
lass turbines 

operating are presented in Table 5-3. Actual w
ater consum

ption could vary based on actual w
eather 

conditions, particularly the tem
perature and hum

idity, and the degree to w
hich the coolers are 

operated w
hen the generators are operated (expected to be predom

inately in sum
m

er). 

The process w
ater dem

and is based on m
axim

ising the recycling of w
ater in the coolers. The 

evaporation rate (and hence the total flow
 rate) w

ould decrease as relative hum
idity increases. The 

blow
dow

n volum
es assum

e w
ater and air are clean and uncontam

inated entering the system
. The 

w
ater usage data presented in Table 5-3 are also based on the assum

ption that the pow
er station is 

operating 
during 

hot, 
dry 

periods 
w

hen 
w

ater 
consum

ption 
w

ould 
be 

highest. 
H

ow
ever, 

the 
evaporative cooler system

 w
ould not be operated during tim

es of low
er am

bient tem
peratures. 

Therefore, the w
ater usage of the evaporative coolers for three F C

lass or four E
 C

lass gas-turbines, 
assum

ing a total evaporative cooler run tim
e of 220 hours in the year is about 7,300 kL/annum

 and 
8,300 kL/annum

 respectively. If groundw
ater is the w

ater source, then an additional 3 – 4 M
L/annum

 
of w

ater m
ight be required to account for the w

ater losses through pre-treatm
ent processes. 

The w
ater used for evaporative cooling w

ould typically need to m
eet the w

ater quality criteria outlined 
in Table 9-3. 

Table 9-3 
Typical W

ater Q
uality C

riteria for Evaporative C
ooling 

D
esignation  

U
nit 

Low
er 

U
pper 

C
onductivity  

µS/cm
50

450
C

alcium
 H

ardness (as C
aC

O
3 )  

ppm
 

45
170

C
hlorides (as C

l)  
ppm

<50
Total Alkalinity (as C

aC
O

3 )
ppm

45
170

pH
-

7
8.5

S
ilica (as S

iO
2 )

ppm
<25 

Iron (as Fe)  
ppm

<0.2 
O

il and grease  
ppm

<2 
Total dissolved solids  

ppm
<550 

S
uspended solids  

ppm
<5 
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9.2.3 
M

aintenance of Equipm
ent 

A
 sm

all volum
e of w

ater w
ill be required for m

aintenance and cleaning of equipm
ent (including turbine 

w
ash w

ater). U
p to 40 kL/annum

 is estim
ated to be required for this purpose how

ever potable w
ater 

w
ill not be required. 

9.2.4 
Fire Services 

A
 w

ater tank w
ill be present on-site to store w

ater for fire fighting purposes. The volum
e of the tank w

ill 
be determ

ined as part of the detailed design process and w
ill m

eet regulatory requirem
ents. The w

ater 
is not required to be of potable quality how

ever, it w
ould need to be low

 in suspended solids. The fire 
w

ater tank m
ay be com

bined w
ith a raw

 / process w
ater tank. 

9.2.5 
D

om
estic U

ses 
W

ater w
ill be required for staff facilities, including drinking w

ater and general am
enities. W

ater for 
dom

estic use w
ill be brought to site by tanker or w

ill be collected from
 the roof of the am

enities 
building and stored in tanks on-site. It is estim

ated that up to 80 kL/annum
 w

ill be required for the 5 
perm

anent staff. D
uring m

inor and m
ajor m

aintenance periods additional dom
estic w

ater m
ay be 

required. 

9.2.6 
Landscaping 

To m
inim

ise the potential for soil erosion and enhance local ecology, all disturbed areas w
ill be 

planted at the end of the construction process. In order to m
inim

ise w
ater usage, the disturbed areas 

w
ould be planted w

ith species that are both local to the area and w
hose w

ater requirem
ents can be 

supplied by rainfall alone. S
om

e supplem
entary irrigation w

ater m
ay be required during establishm

ent. 

9.2.7 
Possible W

ater Sources 
Three options for the provision of w

ater supply are being investigated, including: 

�
groundw

ater extraction; 
�

transport of w
ater by licensed carrier and w

ater tanker to site; and 
�

use of recycled w
ater piped to site. 

A
s discussed in S

ection 5.3, the first tw
o of these options m

ay result in a requirem
ent for onsite w

ater 
treatm

ent to facilitate process w
ater supply (turbine inlet air evaporative coolers). 

G
roundw

ater Extraction 
The preferred option for w

ater supply is groundw
ater extraction through the transfer of an existing 

groundw
ater licence in accordance w

ith the regulatory and adm
inistrative requirem

ents of S
outhern 

R
ural W

ater (S
R

W
). The site lies w

ith the H
aw

kesdale G
M

A
, w

hich currently has exclusion of issuing 
any new

 groundw
ater extraction licences. This is due to the current understanding that the allocation 

licences for aquifer(s) in the G
M

A
 are likely to have reached or exceeded a sustainable volum

e. A
s a 

result, S
R

W
 is currently re-assessing the P

erm
issible C

onsum
ptive V

olum
e (P

C
V

). U
ntil a decision 

has been m
ade on the PC

V
 no new

 G
roundw

ater E
xtraction Licences (G

E
L) w

ill be issued by S
R

W
. In 

order to obtain a licence to extract groundw
ater for use at the site a perm

anent transfer from
 an 

existing licence w
ould be required. 
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The geology beneath the site incorporates the N
ew

er V
olcanic B

asalt and P
ort C

am
pbell Lim

estone, 
w

ith the basalts believed to be in the order of 40m
 thick in the local area. 

The upper m
ost aquifer is w

ithin the N
ew

er V
olcanic B

asalt, w
ith depth to groundw

ater reported
7 to be 

betw
een 10 to 20m

 below
 surface. The yields from

 the basalt aquifer in the region are highly variable, 
but it is likely that the facility’s w

ater requirem
ents of up to 15 M

L/year (m
ax rate of 175kL/day) could 

be m
et w

ith extraction from
 one bore. 

The groundw
ater quality from

 the basalt aquifer is relatively consistent in the region, but does have 
som

e variability both vertically and horizontal. Table 9-4 presents the likely range of w
ater quality 

values for a num
ber of param

eters that w
ould be expected from

 the basalt aquifer at the site. 

Table 9-4 
W

ater Q
uality Param

eters 

W
ater Q

uality V
alues (m

g/L) 
P

aram
eter

Likely Low
er 

Likely U
pper 

Total D
issolved S

olids 
850

2,000
C

hloride as C
l 

180
650

S
ulphate as S

O
4  

<20 
60

Iron (dissolved) 
0.1

5.0
Total Alkalinity as C

aC
O

3  
250 

500 
pH

 
7.0 

7.5
Silica 

U
nknow

n 

The capacity for w
ater storage on site w

ill be determ
ined follow

ing com
pletion of engineering design 

and confirm
ation of w

hich w
ater supply w

ill be used. 

R
ecycled W

ater 
The recycled w

ater under consideration w
ould involve connecting to the P

ort Fairy recycled w
ater 

treatm
ent plant w

hich has been proposed as part of the S
haw

 R
iver pow

er station project.  This option 
w

ill be subject to the S
haw

 R
iver P

ow
er S

tation project proceeding. The indicated quality of this 
recycled w

ater 8 is such that it is unlikely to require further treatm
ent at Tarrone P

ow
er S

tation prior to 
use.

9.2.8 
W

astew
ater 

The volum
e of w

astew
ater that w

ould be generated by the peaking pow
er station w

ill vary depending 
upon the plant runtim

e. The m
ain w

astew
ater source w

ill be the blow
dow

n from
 the turbine air inlet 

cooling system
. W

astew
ater generated at the facility can be divided into: 

�
P

rocess w
astew

ater – generated through operations associated w
ith electricity generation; 

�
M

aintenance cleaning w
ater; and 

�
D

om
estic sew

age. 

                                                     
7

S
K

M
. P

relim
inary G

roundw
ater R

esource A
ppraisal for the H

aw
kesdale G

roundw
ater M

anagem
ent A

rea. 20 D
ecem

ber 2007. 

8 W
annon W

ater 2010, W
orks A

pproval A
pplication P

ort Fairy R
ecycled W

ater Treatm
ent P

lant (To S
upply the P

roposed S
haw

 
R

iver P
ow

er S
tation), prepared by G

H
D

 for W
annon W

ater 
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The process w
astew

ater w
ill be directed to the evaporation pond for concentration, and ultim

ately 
disposal as a prescribed w

aste (refer to S
ection 9.4).  The m

aintenance cleaning w
ater w

ill be treated 
as prescribed w

aste, rem
oved from

 site and treated elsew
here.  The dom

estic sew
age w

ill be 
discharged to a septic system

 or appropriate onsite w
astew

ater collection system
 (depending on site 

conditions) for periodic offsite collection and disposal.  

9.2.9 
B

2 - B
est Practice W

ater M
anagem

ent 
Three options have been tabled for w

ater supply to the proposed Tarrone pow
er station, these 

include: 

�
groundw

ater extraction; 
�

transport of w
ater by licensed carrier and w

ater tanker to site; and 
�

use of recycled w
ater piped to site. 

O
n com

pletion of further investigations into the w
ater quality of the groundw

ater on-site, a triple bottom
 

line assessm
ent w

ill indicate the best practice w
ater supply (see also S

ection 5.3). 

If w
ater pretreatm

ent is determ
ined to be required, the design w

ill focus on m
axim

ising treated w
ater 

yield and m
inim

ising unnecessary w
astew

ater generation. 

W
ater harvesting from

 building rooves to supplem
ent the industrial w

ater supply w
ill be considered as 

part of the detailed facility design, once the w
ater supply arrangem

ent has determ
ined. 

9.3 
C

 - Solid W
aste 

The type and am
ount of solid w

aste estim
ated to be generated on-site is described in S

ection 6.3. 

9.4 
D

 - Prescribed Industrial W
aste 

9.4.1 
D

1 - Prescribed Industrial W
aste G

eneration 
The relevant state policy that establishes the fram

ew
ork for m

inim
isation of industrial w

aste is the 
E

nvironm
ent P

rotection (Industrial W
aste R

esource) R
egulations 2009. There w

ill be no w
astes 

discharged from
 the site that are classified as P

riority W
astes in S

chedule 2 of the E
nvironm

ent 
P

rotection (Industrial W
aste R

esource) R
egulations 2009. U

nder the policy therefore, the m
inim

um
 

acceptable level of w
aste m

inim
isation that is required to be applied at the site is that w

hich is 
com

m
only available and appropriate to the industry. 

O
il and O

ily W
aste 

P
rescribed w

astes generated on the site include w
aste oils from

 the transform
ers and gas turbine 

generators. G
as turbine generator lubricating oil and transform

er oil are changed infrequently but w
ill 

be disposed of by a contractor in accordance w
ith the E

nvironm
ent P

rotection (Industrial W
aste 

R
esource) R

egulations 2009. W
aste oil m

ay also be recycled w
here appropriate.  

Five transform
ers are proposed for the site, com

prised of one 600 M
V

A
 transform

er w
ith an oil 

capacity of approxim
ately 90,000 L and either three 330 M

V
A

 transform
ers (F C

lass configuration) or 
four 200 M

V
A transform

ers (E
 C

lass configuration) w
ith approxim

ately 70,000 L capacities each. 

A
nother potential source of oil from

 site is to be oily bund w
ater. It is estim

ated that 2 tonne of oily 
bund w

ater m
ay be captured per annum

 and disposed of as prescribed w
aste.  
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Evaporation Pond W
aste 

The blow
dow

n w
ater from

 the evaporative coolers w
ill be discharged to an evaporation pond. S

hould 
groundw

ater be used for cooling, iron sludge, brine and m
em

brane treatm
ent chem

icals m
ay also be 

discharged to an evaporation pond. The residuals in the pond w
ill be disposed of as prescribed w

aste 
to an appropriate facility. The residual quantity w

ill ultim
ately depend on the feed w

ater quantity, the 
evaporation pond design and clim

atic conditions. The w
orst case predicted annual evaporation pond 

feed volum
e is up to 5 M

L/annum
. 

Turbine W
ash W

ater W
aste 

It is anticipated that up to 40 kL per annum
 of w

astew
ater could be generated from

 turbine w
ash 

w
ater, cleaning and m

aintenance of the pow
er station. This w

astew
ater w

ould be collected in w
ashing 

bays in a bunded area, collected and then disposed of off-site by a licensed contractor to an 
appropriately licensed facility as prescribed industrial w

aste. 

O
ther W

astes 
S

eptic tank sludge produced on-site is estim
ated to be less than 1 tonne per annum

 based on the 
num

ber of staff. The sludge w
ill be treated as prescribed industrial w

aste and rem
oved from

 the site. 

E
m

pty oil and chem
ical containers w

ill also be treated as prescribed industrial w
aste and rem

oved 
from

 the site. 

9.4.2 
D

2 - B
est Practice Prescribed W

aste M
anagem

ent 
The am

ount of P
rescribed Industrial W

aste (P
IW

) w
ill be m

inim
ised from

 the proposed Tarrone pow
er 

station through effective w
aste m

inim
isation practices and policies. A

G
L have a w

aste m
inim

isation 
policy and procedures that qualify that the generation of P

IW
 w

ill be m
inim

ised and opportunities for 
reuse and recovery (e.g. w

aste oils) w
ill be im

plem
ented. 

9.5 
E - A

ir 

9.5.1 
E1 - A

ir Em
issions 

The m
ajority of em

issions to air arising from
 the proposed Tarrone pow

er station w
ill originate from

 the 
com

bustion of natural gas in the gas turbines for the purposes of electricity generation. The m
ajor 

em
issions from

 natural gas com
bustion in turbines are nitrogen (N

2 ), oxygen (O
2 ), carbon dioxide 

(C
O

2 ), w
ater vapour, oxides of nitrogen (N

O
x ), sulphur dioxide (S

O
2 ) and carbon m

onoxide (C
O

). 
S

m
all quantities of polyarom

atic hydrocarbons (P
A

H
s) and V

olatile O
rganic C

om
pounds (VO

C
s) w

ill 
also em

itted by the turbines. The type of gas turbines proposed for the Tarrone pow
er station feature 

D
ry Low

 N
O

x  technology to produce very low
 N

O
x  em

issions. This technology is recognised as best 
practice in term

s of em
issions of N

O
x .

Tw
o plant configurations are considered for the proposed Tarrone pow

er station com
prising of either 

four E class turbines or three F class turbines operating in open cycle m
odel. A

t this stage in the 
design process, the final choice of engine m

anufacturer has not been determ
ined how

ever five 
prospective m

anufacturers are being considered (Table 9-6). 

In order to provide flexibility in the final choice of supplier, U
R

S
 has considered the local air quality 

im
pact from

 the use of tw
o engines representing typical em

issions and im
pacts resulting from

 the use 
of E

-C
lass and F-C

lass engines.  
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The tw
o proposed site designs considered for this assessm

ent are: 

�
4 X

 A
lstom

 13E
2 M

; or 
�

3 X
 G

E
 E

nergy 9FA
. 

A
n analysis of the representativeness of the A

lstom
 13E

2 M
 and G

E
 E

nergy 9FA
 engines m

odelled 
w

ith respect to potential ground level concentrations of N
O

2  w
as undertaken (A

ppendix A
). It w

as 
determ

ined that w
hilst there is potential for ground level concentrations to be higher than m

odelled (up 
to 1.3%

 for E class engines and 7.3%
 for F C

lass engines), relative to the A
lstom

 13E2 M
 and G

E 
E

nergy 9FA
 engines m

odelled, this does not present potential for harm
 to the beneficial use of the 

atm
osphere given: 

�
C

oncentrations determ
ined by the dispersion m

odelling, undertaken for the A
lstom

 13E
2 M

 and G
E

 
E

nergy 9FA
 engines, are significantly below

 criteria (Appendix A
); and 

�
The assessm

ent conservatively assum
es all N

O
X  is N

O
2  (A

ppendix A
). 

Em
ission Estim

ation under Start-up and N
orm

al O
perating C

onditions 
S

tart-up and norm
al operating conditions w

ere m
odelled for the E

 C
lass and F C

lass engines. 
E

m
ission estim

ation for the proposed pow
er station w

as com
pleted using m

anufacturer data and 
w

here m
anufacturer data w

as unavailable em
ission estim

ation w
as com

pleted using techniques 
provided in the N

ational P
ollutant Inventory (N

P
I) and the U

S
EP

A
 em

ission estim
ation technique 

m
anual A

P
-42. E

m
issions of oxides of nitrogen w

ere conservatively considered to be fully converted to 
nitrogen dioxide upon reaching the atm

osphere (N
O

X  as N
O

2 ). The em
ission rates under norm

al 
operating conditions for the A

lstom
 13E

2 and G
E

 9FA
 are listed in Table 9-5. 

Table 9-5 
M

odelled em
ission rates for norm

al operating conditions for Alstom
 13E2 and G

E 9FA
 

engines 

S
pecies

A
lstom

 13E
2 (M

) 

(g/s)

G
E

 9FA
 (P

G
9351) 

(g/s)

N
O

X
20.86

30.62
S

O
2

1.17
2.23

C
O

 
2.56 

9.14
P

M
2.5

3.00
2.14

Benzene  
0.003

0.005
Toluene  

0.03
0.05

E
thylbenzene  

0.01
0.01

Xylene  
0.01

0.03
Form

aldehyde  
0.15

0.29
Total P

A
H

  
0.0004 

0.0008 
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S
tart up em

issions for a peak loading pow
er plant have potentially higher m

ass rates for a short 
durations due to low

er efficiency of the engine during these conditions. The only species w
ith a higher 

m
ass rate during start up than during norm

al operation is oxides of nitrogen (N
O

X ). Tim
e varying N

O
X

em
issions during the start up period w

ere calculated for each engine type and used to determ
ine the 

potential ground level im
pacts at start-up. D

ue to the different type of inform
ation provided by each 

m
anufacturer the m

ethod of calculation for start up N
O

X  em
issions w

as varied slightly w
ith each 

engine (refer to A
ppendix A

). 

Table 9-6 
Potential G

as Turbine G
enerator M

anufacturers under consideration 

G
enerator C

lass 
E

 C
lass 

F C
lass 

M
anufacturer 

M
odel 

P
ow

er O
utput 

(M
W

/unit)

M
odel 

P
ow

er O
utput 

(M
W

/unit)

Siem
ens 

SG
T5-2000E 

168 
SG

T5-4000F 
292 

G
E

1 
9E 

126 
9FA

 
256

Ansaldo 
V94.2 

170 
V94.3 

294 
A

lstom
1

AE13E2
167 

 
 

M
itsubishi 

 
 

M
701F4 

307 
N

otes:
1. S

haded engines w
ere m

odelled. 

9.5.2 
E2 - B

est Practice A
ir Em

issions M
anagem

ent 

R
epresentative G

as Turbine M
odelling 

The provision of generators w
ill be subject to a tendering process and the additional potential 

suppliers and engine m
odels identified are listed in Table 9-6. To ensure that the em

issions from
 the 

A
lstom

 A
E

13E
2 and G

E
 9E

 are suitably representative of other possible engine configurations, a 
com

parison of calculated plum
e rise heights and em

issions rates w
as undertaken (R

efer to A
ppendix 

A
). To account for the potential use of other engines, start-up and norm

al operational m
ass em

ission 
rates for the G

E
 9FA

 engine w
ere increased by 10%

. 

9.5.3 
E3 - Im

pact on A
ir Q

uality 
A

 local air quality study w
as undertaken to assess the im

pact on am
bient air quality w

ith respect to 
regulatory em

ission lim
its and ground level design criteria, specified in the S

tate E
nvironm

ental 
P

rotection P
olicy for A

ir Q
uality M

anagem
ent (S

E
P

P
 (A

Q
M

)) of the prim
arily gaseous em

issions from
 

the proposed gas-fired pow
er station. The S

E
P

P
 (A

Q
M

) defines design criteria (S
chedule A

) that are 
used to assess the im

pact for new
 or m

odified sources. Table 9-7 show
s design criteria relevant to 

em
issions from

 the proposed peak load pow
er station. 
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Table 9-7 
SEPP (A

Q
M

) design criteria for relevant em
itted substances 

S
ubstance 

A
veraging P

eriod 
D

esign C
riteria ( �g/m

3)

N
itrogen dioxide 

1-hour 
190

C
arbon m

onoxide 
1-hour 

29,000 
Sulphur dioxide 

1-hour 
450

P
articles as P

M
10  

1-hour 
80

P
articles as P

M
2.5  

1-hour 
50

Am
m

onia 
3-m

inute 
600

Form
aldehyde 

3-m
inute 

40
Xylenes 

3-m
inute 

350
Acetaldehyde 

3-m
inute 

76
Acrolein 

3-m
inute 

0.77
Am

m
onia 

3-m
inute 

600
Benzene 

3-m
inute 

53
E

thylbenzene 
3-m

inute 
14,500 

P
olycyclic arom

atic hydrocarbons (P
A

H
) as B

aP
 

3-m
inute 

0.73
Toluene 

3-m
inute 

650

The local air quality assessm
ent involved atm

ospheric dispersion m
odelling using C

A
LPU

FF and w
as 

conducted in accordance w
ith the S

E
PP

 (A
Q

M
), w

here the assessm
ent of the im

pact of local air 
quality used a largely conservative approach. 

9.5.4 
B

ackground A
ir Q

uality 
Local air quality m

onitors indicate the existing air quality. In order to ascertain the im
pact the proposed 

Tarrone 
pow

er 
station 

m
ay 

have 
on 

the 
existing 

air 
quality 

of 
the 

region, 
the 

background 
concentrations of air quality indicators m

ust be added to the predicted ground level concentrations of 
the proposed Tarrone pow

er station to indicate overall air quality. H
ow

ever, the area has no 
perm

anent background m
onitors in place for the m

easurem
ent of am

bient air quality. 

B
ackground air quality has been m

easured in W
arrnam

bool by the E
P

A
 and M

ount G
am

bier by the 
S

outh A
ustralian E

P
A

. H
ow

ever, m
onitoring undertaken in W

arrnam
bool by the E

P
A

 does not provide 
data on species likely to be em

itted from
 the proposed pow

er station, and data collected by the S
outh 

A
ustralian E

P
A

 in M
ount G

am
bier is not considered to be representative of the project site. 

In these circum
stances, the E

P
A

 recom
m

ends the use of the 70
th percentile of available m

onitored 
data and provides a table of appropriate background levels for proponents to use in dispersion 
m

odelling. U
R

S
 has used the background data, provided by the E

P
A

, from
 areas w

here data exists 
and is likely to be representative. It should be noted that this m

onitoring is based on an area w
ith a 

higher residential population and a high num
ber of vehicle m

ovem
ents, than the m

odel dom
ain. The 

background concentrations used in this assessm
ent are therefore considered to be conservative. 

Table 9-8 show
s the background concentration used in this assessm

ent for each species, the source 
of the data and a com

m
ent on the appropriateness of the selection. 
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Table 9-8 
B

ackground concentrations for com
m

on species provided by EPA
 as representative 

background values 

S
pecies

B
ackground

C
oncentration 

( �g/m
3)

Location of 
B

ackground
M

easurem
ent

C
om

m
ent

N
O

2  
11.3 

P
oint C

ook 
S

uburban area w
ith little industrial activity or residential 

population at the tim
e of m

onitoring (2000).  C
onsidered 

representative. 

P
M

2.5  
7.5 

B
righton 

U
rban area w

ith high residential population.  Large 
num

ber of vehicle m
ovem

ents.  C
onsidered appropriate 

but likely to be conservative com
pared to m

odelled area. 

C
O

 
229 

G
eelong 

Low
 density residential surrounding m

onitoring point at 
tim

e of m
onitoring (2000).  C

onsidered representative. 

S
O

2  
0 

G
eelong 

Low
 density residential surrounding m

onitoring point at 
tim

e of m
onitoring (2000).  C

onsidered representative. 

Shaw
 R

iver Pow
er Station 

U
R

S
 is aw

are that S
haw

 R
iver P

ow
er S

tation P
ty Ltd, a w

holly ow
ned subsidiary of S

antos, proposes 
the construction of a base load pow

er station in close proxim
ity to the proposed A

G
L site at Tarrone. 

U
R

S
 has used the data contained in the E

nvironm
ent E

ffects S
tatem

ent for the S
haw

 R
iver facility to 

undertake a cum
ulative im

pact assessm
ent. 

U
R

S has adopted the em
ission rates and stack param

eters provided in the S
haw

 R
iver E

E
S

, 
associated w

ith the operation of three closed cycle turbines, as this provides the m
ost conservative 

assessm
ent of cum

ulative im
pact Table 9-9. 

Table 9-9 
Em

issions of N
O

X  and C
O

 from
 the proposed Shaw

 R
iver D

evelopm
ent (Shaw

 R
iver EES) 

S
pecies

1

S
G

T
5-4000F 

(g/sec/turbine) 

N
O

X  
30.6 

C
O

 
7.5 

N
otes:

1. The results for N
O

2  presented in the S
haw

 R
iver E

E
S

 adopt a conversion factor of 0.3 to estim
ate N

O
2  from

 m
odelled N

O
X

concentrations, w
hilst this assessm

ent has conservatively assum
ed that all N

O
X  is N

O
2  for both Tarrone and S

haw
 R

iver 
em

issions.

9.5.5 
A

ir Q
uality M

odelling R
esults 

M
odelling w

as undertaken to predict ground level concentrations during start-up and operation of the 
E

 C
lass and F C

lass turbine options both separate from
 and in com

bination w
ith a proposed nearby 

com
bined-cycle gas pow

er station at S
haw

 R
iver. 

S
tart-up em

issions vary over the first hour. C
A

LP
U

FF, the m
odel used in this assessm

ent to predict 
ground level concentrations from

 the proposed Tarrone pow
er station, allow

s input of sub-hourly 
em

ission rates and hence start-up em
ission rates can be m

odelled as varying em
ission rates over the 

hour. C
onsequently, the m

axim
um

 m
odelled ground level concentration for start-up w

as low
er than the 

m
axim

um
 m

odelled ground level concentration for norm
al operations. 
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For all m
odelled scenarios and em

issions, the m
axim

um
 m

odelled ground level concentration, 
including a conservatively selected background and em

issions from
 the proposed S

haw
 R

iver pow
er 

station developm
ent, are predicted to be below

 the SE
P

P
 (A

Q
M

) design criteria. Table 9-10 show
s the 

m
axim

um
 predicted ground level concentrations, w

ithin the m
odelled area, for com

m
on products of 

com
bustion, 

and 
considered 

scenarios. 
The 

full 
results, 

including 
volatile 

organic 
com

pounds, 
polycyclic arom

atic hydrocarbons and form
aldehyde m

ay be found in the technical report (A
ppendix 

A
).

Table 9-10 
M

axim
um

 m
odelled (99.9th percentile) ground level concentrations for considered scenarios 

(w
ithout background) 

S
pecies 

N
O

X  as N
O

2  
S

O
X  as S

O
2  

C
O

 
P

M
2.5

U
nits 

ug/m
3 

ug/m
3 

ug/m
3 

ug/m
3

A
veraging P

eriod 
1 hour 

1 hour 
1 hour 

1 hour 

Alstom
 13E2 S

teady State 
16.11 

0.86 
1.97 

2.31 
G

E 9FA S
teady State 

14.23 
0.86 

4.25 
0.996 

A
lstom

 13E
2 S

tart up 
3.15

G
E

 9FA
 S

tart up 
4.8

A
lstom

 13E
2 S

teady S
tate P

lus S
haw

 
R

iver
55.1 

 
13.5 

 
G

E
 9FA

 S
teady S

tate P
lus S

haw
 R

iver 
55.1 

13.5
B

ackground C
oncentration 

11.3
0

229
7.5

S
E

P
P

 (A
Q

M
) D

esign C
riteria 

190 
450 

29,000 
50 

E
xceed S

E
P

P
 (A

Q
M

) D
esign C

riteria 
N

o
N

o
N

o
N

o

9.5.6 
A

viation Safety 
A

 P
lum

e R
ise A

ssessm
ent (P

R
A

) w
ill be carried out and the resulting report forw

arded to the C
ivil 

A
viation S

afety A
uthority (C

A
S

A
) prior to construction. 

9.6 
F - D

ischarges to Surface W
ater 

9.6.1 
F1 - W

ater D
ischarges 

Existing environm
ent 

The site occupies an approxim
ately 75 hectare battle-axe shaped land parcel. It is bordered by 

Landers Land on the w
est and R

iordans R
oad on the south, inclusive of a w

etland area (show
n in 

Figures 3 and 6). 

The topography of the rural property, currently used for livestock grazing, rem
ains sim

ilar to 
surrounding areas, being generally gently undulating w

ith som
e evidence of rock outcrops in the 

northw
est portion of the site. R

em
nant pine tree plantings are scattered throughout the open pasture. 

N
o natural w

atercourses run through the site. The north and north-eastern portion of the site is 
bounded by m

ore of the sam
e terrain. The site receives runoff from

 these areas. 
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Existing drainage 
In describing the existing site drainage, there are a num

ber of catchm
ents and sub-catchm

ents to be 
considered. The m

ain catchm
ents are the: 

�
N

orth catchm
ent: A

pproxim
ately 30.5 hectares, draining from

 the north to south, entering the north-
w

est corner of the site. 
�

N
orth-E

ast C
atchm

ent: A
pproxim

ately 33.9 hectares, draining from
 the north to south, entering the 

north-east corner of the site. 
�

W
etland C

atchm
ent: A

pproxim
ately 4.3 hectares and draining from

 east to w
est. The catchm

ent is 
quite sm

all com
pared w

ith the total surface area of the w
etland itself.  

O
nsite drainage consists of sub-catchm

ents that feed into open drains. W
ater drains from

 the north 
and north-east tow

ards the south-w
est, and is collected in an open drain, that flow

s from
 the north-

w
est corner of the site to the south and exiting the site in a culvert (2 x 600 R

C
P

) under R
iordans 

R
oad. This drain also collects w

ater from
 the catchm

ents to the north of the site. A
n additional drain 

exists in the south-east corner of the site directing w
ater from

 east to w
est, to the sam

e culvert under 
R

iordans R
oad. There is also a concrete pipe running from

 the w
etland under Landers Lane that 

appears to be in a poor state of repair, and m
ay not effectively pass w

ater. R
efer to Figure 6 for details 

of existing surface flow
s. 

U
ltim

ately, the site resides w
ithin the catchm

ent of the M
oyne R

iver, as verified by the G
lenelg 

H
opkins C

atchm
ent M

anagem
ent A

uthority (C
M

A) catchm
ent m

apping
9.  R

unoff from
 the site beyond 

R
iordans R

oad is expected to flow
 tow

ards the M
oyne R

iver m
ost likely via the ephem

eral stream
 

B
ack C

reek, passing about 1.1 km
 to the east of the site (as show

n in Figure 2).  B
ack C

reek flow
s 

south into the M
oyne R

iver at a point about 7.5 km
 to the south of the site.  O

ther than in significant 
storm

 events, it is unlikely that storm
w

ater runoff from
 the site w

ould reach this receiving w
ater, and 

w
ould norm

ally be lost by infiltration and evaporation. 

C
hanges to Local and R

egional H
ydrology 

The proposed site for developm
ent is currently grazing land. The construction of tracks and hardstand 

areas has the potential to alter the hydrologic regim
e of the site. G

enerally w
hen the land’s surface 

cover is changed the quantity and tim
ing of surface runoff during a rainfall event m

ay change. 

C
om

pacted areas such as hardstands and tracks w
ill have less perm

eability and consequently a 
higher runoff coefficient than grassed areas. This m

eans that a larger proportion of rainfall w
ill becom

e 
surface runoff and the tim

e it takes w
ater to runoff (the tim

e of concentration) w
ill decrease. A

ny 
em

bankm
ents that are created as a result of the track construction m

ay alter the location of natural 
flow

 paths by diverting surface runoff. B
oth of these changes to the local hydrologic regim

e have the 
potential to detrim

entally im
pact on the regional hydrologic regim

e if not m
anaged adequately. A

 w
ell 

designed storm
w

ater m
anagem

ent plan w
ill ensure that there are no detrim

ental changes or im
pacts 

to the hydrologic regim
e. 

C
onceptual Storm

w
ater M

anagem
ent 

The proposed Tarrone pow
er station has the potential to im

pact on the quality of surface runoff from
 

the site and subsequently on the w
ater quality of local receiving w

atercourses.  

                                                     
9 http://w

w
w

.glenelg-hopkins.vic.gov.au/?id=onlinem
apping 
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S
urface runoff from

 the proposed developm
ent site m

ust com
ply w

ith the S
tate E

nvironm
ental 

P
rotection P

olicy (W
aters of V

ictoria) criteria for discharge to receiving w
atercourses. The conceptual 

storm
w

ater m
anagem

ent system
 detailed below

 deals w
ith the expected types of runoff, and ensures 

that the hydrologic regim
e and surface w

ater quality of the region is preserved, in particular that of the 
interm

ittent w
etland. 

C
atchm

ent R
unoff 

The off-site catchm
ent runoff w

ill be diverted around the site using perim
eter sw

ale drains and directed 
into the existing drain. Three different sized sw

ale drains are proposed. S
w

ale drains, com
prising 

vegetated open channels, are proposed as they provide treatm
ent for runoff, as the vegetation slow

s 
dow

n the flow
 and im

proves w
ater quality.  

The 10 year and 100 year A
R

I design discharges w
ere considered, how

ever, 100 year A
R

I sw
ale 

drains are proposed given there w
as little difference betw

een the drain sizes to accom
m

odate these 
design flow

s. G
iven lim

ited inform
ation on catchm

ents to the north of the site, these drains w
ill have 

sufficient capacity to divert large flow
s. 

The first sw
ale w

ill receive runoff from
 the m

ajority of the north east catchm
ent and the road. It w

ill run 
along the north side of the road, from

 the north-east corner of the m
ain site until the north-east edge of 

the site. W
ater picked up in this sw

ale w
ill drain to low

 points, and exit the site via culverts under the 
access road into the adjacent property.  The first sw

ale drain w
as designed to the 100 year A

R
I design 

discharge of 0.993 m
3/s. S

w
ale dim

ensions (trapezoidal cross-section) are: 

�
B

ed w
idth 1 m

, 
�

Top w
idth of 4.4 m

, 
�

Total depth of 0.60 m
. 

The second sw
ale drain w

ill receive runoff from
 a sm

all section of north east catchm
ent as w

ell as a 
portion of the access road, and eastern sub-catchm

ents. It w
ill run along part of the northern boundary 

of the plant, before crossing the road in a culvert, and follow
ing the eastern boundary of the plant until 

it eventually discharges into the existing drain dow
nstream

 of the plant.  The second sw
ale drain w

as 
designed to handle the 100 year AR

I design discharge of 0.5 m
3/s. S

w
ale dim

ensions (trapezoidal 
cross-section) are: 

�
B

ed w
idth of 1 m

, 
�

Top w
idth of 3.8 m

, 
�

Total depth of 0.45 m
. 

The third sw
ale drain w

ill receive runoff from
 the north catchm

ent, and the sub-catchm
ents betw

een 
access roads. The first section w

ill run along the northern boundary of the plant, w
here it w

ill discharge 
into the drain running w

ithin the floodw
ay. The other section w

ill run along the northern boundary, 
cross the road in a culvert, before follow

ing the road southw
est (crossing in another culvert) and 

discharging into the drain running w
ithin the floodw

ay. The third sw
ale drain w

as designed to handle 
the 100 year A

R
I design discharge of 0.75 m

3/s. S
w

ale dim
ensions (trapezoidal cross-section) are: 

�
B

ed w
idth of 1 m

, 
�

Top w
idth of 4.1 m

, 
�

Total depth of 0.52 m
. 

R
ock beaching w

ould be considered in sections of the sw
ale drains that m

ay be subjected to 
concentrated flow

s w
ith potential for erosion e.g. w

here sw
ales run into existing drains. 
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Site runoff – R
etarding B

asin 
The site runoff consists of storm

w
ater from

 the hardstand areas (paved).  It is expected that the runoff 
from

 these areas m
ay not require any treatm

ent, how
ever, if after future consideration it is decided 

that treatm
ent is desirable, the retarding basin could be designed to have the functionality of a 

sedim
entation pond. A

t this stage only a retarding basin has been proposed. A
s the site w

ill increase 
the runoff am

ount, the difference in discharge from
 pre- to post- construction shall be controlled to 

preserve the natural hydrologic regim
e. To achieve this, a retarding basin is proposed w

ith an outlet 
that w

ill be sized to control the discharge to be equivalent to pre-construction flow
.   

The runoff from
 the hardstand areas w

ould be directed into the existing north-south drain until it 
reaches the retarding basin. The retarding basin w

ould discharge into the existing north-south drain. It 
w

ould be located to the south of the site (Figure 6). U
ltim

ately, the requirem
ent for location and design 

of a retarding basin w
ill be reconsidered during further pow

er station design stages. 

The retarding basin w
ould store rainfall runoff from

 the tw
o hardstand areas, and have a discharge 

equivalent to pre-construction flow
. The indicative retarding basin dim

ensions w
ere based on a 10 

year A
R

I discharge of 0.38 m
3/s.  The follow

ing w
as determ

ined: 

�
D

im
ensions: 20 x 10 x 1.5 m

, including 0.5 m
 freeboard, 

�
O

utlet size: 150 m
m

 diam
eter pipe (based on a 10 year A

R
I discharge of 0.05 m

3/s). 

Process A
rea R

unoff – Sedim
entation Pond 

The process area includes the generators area, and substation. For conceptual storm
w

ater draining 
system

 design, it has been assum
ed that this area is not roofed or paved, although the generators w

ill 
actually be roofed and there w

ill be sm
all paved areas, including bunded areas. The surface is 

assum
ed to be a gravel hardstand area and m

ay require som
e lim

ited degree of treatm
ent before it 

can be discharged. and a sedim
entation pond is currently considered as an option to treat the w

ater. 
The pond is indicatively proposed to be located to the south of the sw

itchyard area and w
ould 

discharge into the nearby sw
ale drain (Figure 6), although the location m

ay be adjusted follow
ing m

ore 
detailed pow

er station design.  The need to the sedim
entation pond w

ill be considered in further 
design stages.  A

 sm
all onsite w

etland m
ay be considered as an alternative to a sedim

entation pond 
follow

ing further assessm
ent in future m

ore detailed design. 

B
unded process areas w

ould be drained to the sedim
entations pond by m

anual valve operation, 
follow

ing confirm
ation that the bund w

ater w
as oil free.  In the event the oily w

ater w
as detected in the 

bunds, this w
ould be rem

oved offsite as prescribed w
aste. 

The sedim
entation pond w

ould be designed w
ith an outlet sized to give a detention tim

e of 10 days to 
allow

 sedim
ent to settle out. The 100 year AR

I design discharge of 2.71 m
3/s w

as used to indicate the 
likely size of the pond. The follow

ing conceptual design is proposed: 

�
D

im
ensions: 65 x 35 x 1.5 m

, including 0.5 m
 freeboard, 

�
O

utlet size: 50 m
m

 diam
eter pipe. 

B
und to protect interm

ittent w
etland 

A
s the site is located in very close proxim

ity to an interm
ittent w

etland, show
n in Figure 6, there is 

potential for site runoff to enter the w
etland catchm

ent and alter the hydrologic regim
e. To ensure that 

this does not occur, at further design stages of the project consideration w
ill be given for the need for a 

bund to be constructed betw
een the site and the w

etland (Figure 6). The bund, if necessary, w
ould 

ensure runoff is directed tow
ards the existing drain and eventually into the retarding basin. 
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Potential localised flooding 
In the event of a large storm

 (e.g. greater than 100 year AR
I) there is a risk that flood w

aters from
 the 

north m
ay enter the generator area. To m

itigate this risk, a bund m
ay be constructed w

ith sufficient 
freeboard to direct the flood w

aters in betw
een the generator area and the substation area. The 

construction of a floodw
ay (i.e. unobstructed overland flow

 path) m
ay be undertaken. This m

ay require 
som

e surface reshaping. The floodw
ay w

ould then discharge into the existing drain south of the 
turbine area.  

Storm
w

ater H
arvesting 

It is proposed that the rainfall runoff from
 the site’s office building m

ay be collected into a rainw
ater 

tank and re-used for dom
estic w

ater usage and / or evaporative cooling. There is sufficient rainfall per 
average year to allow

 for this.  

The approxim
ate rainfall that can be harvested is: 

�
A

pproxim
ate A

rea of roof: 2000 m
2

�
C

onservative assum
ption of 80%

 runoff 
�

R
ainfall: 662.9 m

m
/annum

 
�

A
pproxim

ate R
unoff: 1 M

L/annum
. 

The m
ain w

ater dem
and w

here recycled w
ater could potentially be used are: 

�
D

om
estic w

ater usage: 80kL/annum
 

�
Turbine w

ash w
ater: 40kL/annum

; and 
�

E
vaporative cooling process w

ater (~8.3 M
L/a) 

9.6.2 
F2 - B

est Practice W
ater M

anagem
ent 

The best practice w
ater m

anagem
ent proposed for the proposed Tarrone pow

er station site involves: 

�
The separation and diversion of storm

w
ater from

 off site around the site so it is unim
pacted; 

�
The collection of potentially oil im

pacted storm
w

ater and off site disposal as P
IW

 to prevent off site 
im

pacts; 
�

The segregation of unim
pacted storm

w
ater and discharge via a retarding basin w

ith controlled 
discharge to prevent hydraulic im

pacts; 
�

The treatm
ent of potentially im

pacted storm
w

ater in a sedim
entation pond before discharge off site 

to m
inim

ise im
pacts from

 sedim
ent; 

�
The potential use of roof w

ater on site; 
�

The protection of the interm
ittent w

etland; 
�

W
orst case scenario for w

astew
ater disposal addressed through a lined evaporation pond; and 

�
E

vaporation ponds have been preferred for saline w
ater disposal, other options are generally not 

econom
ically or environm

entally feasible. 

The site storm
w

ater system
s design w

ill be reconsidered in m
ore detailed pow

er station design states 
but it w

ill be designed to m
eet the nom

inated objectives.  
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9.6.3 
F3 - Im

pact on W
aterw

ay 
The site w

ill not im
pact the existing w

etland as the developm
ent footprint is outside of the w

etland 
catchm

ent area. Furtherm
ore, potential preventative m

easures in the form
 of bunding w

ill be 
considered to if necessary divert any site runoff aw

ay from
 the w

etland, preserving the natural inflow
. . 

The site is located in the M
urray and W

estern P
lains S

egm
ent of the S

tate E
nvironm

ent P
rotection 

P
olicy (W

aters of V
ictoria) [S

E
P

P
(W

oV
)].  The protected beneficial uses of w

aters in the M
urray and 

W
estern P

lains S
egm

ent are nom
inated in the S

E
P

P
(W

oV
).  The corresponding w

ater quality 
objectives and indicators nom

inated in the S
E

P
P

(W
oV

) for “ low
lands of the G

lenelg &
 H

opkins 
catchm

ents, &
 P

ortland, C
orangam

ite and M
illicent C

oast Basins” are the applicable quality criteria for 
the receiving environm

ent. 

The proposed best practice storm
w

ater m
anagem

ent system
 described in S

ection 9.6.1 and 9.6.2, 
and the significant distance to the identified receiving w

ater (the M
oyne R

iver), should result in no 
im

pact on the protected beneficial uses of these w
aters. 

9.7 
G

 - Land and G
roundw

ater 

9.7.1 
G

1 - D
ischarge or D

eposit to Land 
There w

ill be no intentional discharge or deposit of w
ater or w

aste to land at the A
G

L Tarrone site, 
how

ever, som
e oils, chem

icals and w
astew

ater w
ill be stored on the site that w

ill require appropriate 
storage to prevent im

pacts on land and/or groundw
ater. 

W
astew

ater
P

rocess w
astew

ater is generated at the facility by the process of blow
 dow

n from
 the evaporative inlet 

air coolers. The expected m
axim

um
 volum

e of w
astew

ater generated is 1.9 kL per hour per E
 C

lass 
turbine or 2.2 kL per hour per F C

lass turbine. 

W
ater flow

s over baffles and air is draw
n into the gas turbine inlet through the baffles. A

fter traversing 
the baffles, the rem

aining w
ater is collected in a sum

p and then recycled to the top of the baffles. 
W

ater is continually added to replace the evaporated w
ater. As w

ater evaporates there is an increase 
in the concentration of dissolved salts. To control this and to prevent scaling of the system

 (build-up of 
salts), som

e w
ater is continually bled off or ‘blow

n dow
n’ from

 the sum
p. The blow

 dow
n rate is 

adjusted to keep the concentration of dissolved salts below
 the threshold for scaling to occur. The 

blow
 dow

n w
ater is collected in a pond and left to evaporate. 

The volum
e of blow

 dow
n w

ater generated by the evaporative coolers depends on the num
ber of 

hours the pow
er station is operating, the num

ber of turbines operating, operation of the evaporative 
cooling (as the turbines can operate effectively w

ithout the coolers on) and the am
bient tem

perature 
and hum

idity. The annual volum
e of blow

 dow
n w

ater is therefore difficult to predict how
ever, an 

estim
ate of 1,700 kL/year is estim

ated, based on 220 hrs turbine operation (all) w
ith evaporative 

cooling on, to flow
 to the evaporation pond. 

In addition, if pre-treatm
ent of the evaporative cooler w

ater supply is required, w
hich is likely if 

groundw
ater is selected as the site w

ater supply, then additional process w
astew

ater stream
s w

ill 
potentially discharged to the evaporation pond.  
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P
re-treatm

ent m
ay consist of iron rem

oval and desalination (R
O

 or E
D

R
 or ion-exchange), w

ith 
effluent stream

s com
prising filter backw

ash stream
s and desalination 

brines/concentrates/regeneration stream
s.  A

n estim
ated additional 3,100 kL/a w

astew
ater m

ight be 
discharged to the evaporation pond in this case.   

The process w
astew

ater (cooling w
ater blow

dow
n, and should groundw

ater be used - brine, w
ater 

treatm
ent cleaning chem

ical solutions and sludge) w
ill be piped from

 the plant into an evaporation 
pond. A w

ater balance for w
ater sourced from

 groundw
ater (O

ption 1) and w
ater trucked/piped 

(recycled w
ater via S

haw
 R

iver) into site (O
ption 2) w

as undertaken to determ
ine the indicative sizing. 

The pond w
as sized on rainfall data from

 a 90
th percentile (w

et) year. The assum
ption w

as m
ade that 

a w
et year occurs only once every 10 years, and the other 9 years are of average rainfall. Thus the 

w
ater in the pond at the end of the w

et year w
ould be evaporated over the follow

ing 9 years of 
average rainfall. The results are as follow

s: 

O
ption 1: 

�
Inflow

 of 4752 kL/annum
, 

�
P

ond dim
ensions of 120 x 120 x 0.5 m

, w
ith an additional 1 m

 freeboard 

O
ption 2: 

�
Inflow

 of 1664 kL/annum
, 

�
P

ond dim
ensions of 70 x 70 x 0.5 m

, w
ith an additional 1 m

 freeboard 

The evaporation pond w
ill not discharge to surface w

ater, and discharge to land and groundw
ater w

ill 
be prevented by use of an appropriate liner system

, discussed in S
ection 9.7.2. 

Sew
age

A
 sm

all am
ount of w

astew
ater w

ill be generated by personnel on-site. This is estim
ated to be less than 

1 tonne per annum
 (estim

ates derived from
 S

om
erton peaking pow

er station). S
ew

age from
 the 

am
enities on-site m

ay be directed to an on-site proprietary w
astew

ater system
. A

lternatively, a storage 
and pum

p system
 could be used to dispose of dom

estic w
astew

ater off-site at an appropriately 
licensed facility. 

O
ils and C

hem
icals 

O
il containing equipm

ent, nam
ely the turbines and transform

ers w
ill be present on site, as w

ill som
e 

fuel and chem
icals associated w

ith w
ater treatm

ent. 

In addition to the oil in the generators and transform
ers, a diesel fuel tank of 5,000 – 10,000 L capacity 

is proposed on site to supply diesel to the back-up generator set in the event of an interruption to the 
electricity supply from

 the grid. The diesel tank w
ill be sufficiently bunded according to the E

P
A

’s 
B

unding G
uidelines.

The type and quantity (package or bulk) of w
ater treatm

ent chem
icals to be stored and used on the 

site has not been defied yet and w
ill depend largely on the selected w

ater treatm
ent system

 (if any).  
The types of chem

icals are m
ost likely acids and alkalis. 

P
ackaged chem

icals w
ill be stored w

ithin a storage room
 in the m

ain onsite building. 
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9.7.2 
G

2 – B
est Practice Land and G

roundw
ater M

anagem
ent 

The best practice land and groundw
ater m

anagem
ent proposed for the proposed Tarrone pow

er 
station site involves: 

Evaporation Pond Liner: 
A

 pond liner w
ill be required to avoid contam

ination of surface w
ater, soil and groundw

ater. A 
com

posite pond liner is proposed. The liner m
ay consist of a H

igh D
ensity P

olyethylene (H
D

P
E) 

geom
em

brane placed over 1m
 of com

pacted clay, to achieve a m
inim

um
 com

bined perm
eability of 

1x10
-9. This is a preferred choice over a solitary clay liner, to m

inim
ise the potential for cracking of the 

clay liner and to define the boundary betw
een sedim

ent and liner, thus assisting cleaning of 
sedim

ents.  The final liner design w
ill be reconsidered in further design stages, understanding 

how
ever that it w

ill m
eet the E

P
A

’s perm
eability requirem

ents. 

The pond w
ill be designed to have at least a 1m

 freeboard above pond top w
ater level. 

Sew
age

A
n E

P
A

 onsite w
astew

ater system
 suitable for site specific conditions w

ill be installed. 

Transform
er, Fuel and C

hem
icals B

unding 
The transform

ers and diesel fuel tank w
ill be separately bunded in accordance w

ith A
S

1940: The 
S

torage and H
andling of Flam

m
able and C

om
bustible Liquids (P

ublication N
o 347), consistent w

ith 
the E

P
A

 B
unding G

uidelines. The gas turbine generators have integral spillage control w
ithin the 

turbine enclosures. The bunds for both the transform
ers and gas turbines w

ill be constructed of 
reinforced concrete w

ith capacity sufficient to contain the entire oil inventory in addition to a suitable 
allow

ance for storm
w

ater. Further, the bunds w
ill be fitted w

ith a level alarm
 that w

ill indicate the 
presence of liquid in the bottom

 of the bund. This w
ill be set at the level allow

ed for storm
w

ater 
accum

ulation to ensure that the bund is drained of uncontam
inated storm

w
ater w

hen required and 
there is alw

ays sufficient containm
ent capacity in the event of an oil leak. The alarm

 w
ill occur in the 

on-site control room
, and also in a rem

ote control room
 that is attended 24 hours a day. The bund 

drain valves w
ill norm

ally be locked closed. If bund w
ater is deem

ed oily by visual inspection it w
ill be 

rem
oved by eductor truck and treated as prescribed w

aste. 

The packaged chem
icals storage room

 and any chem
ical storages associated w

ith w
ater treatm

ent 
w

ill all have appropriately concrete (and if necessary coated) bunds designed to be consistent w
ith the 

EPA
 

B
unding 

G
uidelines 

and 
the 

relevant 
A

ustralian 
dangerous 

goods 
storage 

and 
handling 

standards. 

9.7.3 
G

3 - Im
pact on G

roundw
ater 

A
s identified previously, discharge to land or groundw

ater is not proposed, and therefore im
pact is not 

anticipated.  The w
astew

ater evaporation pond w
ill have adequate freeboard and a suitable liner.  

A
dequate and appropriate spillage control and secondary containm

ent w
ill be provided for all chem

ical 
and oil storage at the facility. S

uch m
easures w

ill be consistent w
ith the requirem

ents of the E
P

A
’s 

B
unding G

uidelines
(Publication N

o 347, 1992). M
aterials that are classified as D

angerous G
oods w

ill 
be stored and handled in accordance w

ith the requirem
ents of the D

angerous G
oods (S

torage and 
H

andling) R
egulations 2000.
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There have been no investigations of soil and/or groundw
ater quality beneath the site.  A

 review
 of the 

regional hydrogeology, discussed in Section 9.2.7, indicates that the total dissolved solids (TD
S

) 
concentration of the groundw

ater beneath the site w
ould be expected to be in the range 850 m

g/L to 
2000 m

g/L (refer to Table 9-4).  The corresponding groundw
ater segm

ents of the applicable S
tate

E
nvironm

ent P
rotection P

olicy (G
roundw

aters of V
ictoria) SEPP(G

oV) are B (m
ost likely) or A2.  The 

protected beneficial uses of w
aters in these segm

ents are nom
inated in the S

E
P

P
(G

oV
).  The 

corresponding groundw
ater quality objectives and indicators nom

inated in the S
E

P
P

(G
oV

) for the 
relevant segm

ent are the applicable quality criteria. 

9.8 
H

 - N
oise Em

issions 

9.8.1 
H

1 - N
oise Em

issions 
The sound pow

er levels (S
W

L) of equipm
ent that have been identified as the prim

ary on-site noise 
sources have been provided by turbine m

anufacturers to A
G

L in octave frequency bands betw
een 

31.5 H
z and 8 kH

z. These levels represent the noisiest type of engine w
hich could be selected for 

each of the tw
o different turbine configuration options and thus represent w

orst case scenario. This 
assum

ption is consistent for the associated transform
er and substation configurations ie the F C

lass 
configuration of three 330 M

V
A

 transform
ers reactors and one 600M

V
A

 transform
er is a reasonable 

w
orst case scenario relative to the alternate E

 C
lass configuration of four 200 M

V
A

 transform
ers and 

one 600M
V

A transform
er configuration. The sound pow

er levels presented in Table 9-11 have been 
input into the noise m

odel. 

Table 9-11 
Sound Pow

er Levels – O
perational Equipm

ent 

E
stim

ated O
verall 

S
ound P

ow
er Level 1

O
perational N

oise S
ource 

dB
(Lin) 

dB
(A

) 
Inlet D

ucting (filter house included) 
107

95
Inlet S

ystem
 (silencer included) 

Inlet Filter Face 
117 

107 
A

ccessory U
nit 

111 
103 

Inlet P
lenum

 
104

103
Turbine C

om
partm

ent (acoustic enclosure) 
113 

107
E

xhaust D
iffuser (acoustic enclosure) 

119
106

Load C
om

partm
ent 

114
105

G
T P

ow
er Train P

ackage 

Liquid Fuel &
 A

tom
ising A

ir (LF/A
A

) M
odule 

111 
103 

Turbine C
om

partm
ent V

ent Fans 
112

104
V

ent Fans 
E

xhaust C
om

partm
ent V

ent Fans 
113 

102 
Transform

ers 
330 M

V
A

 Transform
ers (3 of) 

113
104

S
tack B

ody 
-

105
E

xhaust S
tack

1

S
tack O

pening 
- 

108 
R

eactors (4 of) 
-

106
2

S
ubstation (500 kV

) 
Transform

er (1 x 600 M
VA) 

111 
103 

N
otes: 

1. 
S

ound pow
er level of the exhaust stack has been estim

ated based on the m
axim

um
 cum

ulative sound 
pow

er level the site can generate in order to m
et the noise lim

its. To ensure the com
pliance w

ith the 
noise lim

it, the sound pow
er level of exhaust stack opening and body com

bined should not exceed 110 
dB

(A
).

2. 
E

stim
ated based on A

S
/N

ZS
 60076.10:2009 – P

ow
er Transform

ers: D
eterm

ination of sound levels.  
3. 

A
ll m

anufacturer sound pow
er levels w

ere supplied to U
R

S
 by A

G
L.  
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Table 9-12 show
s the cum

ulative octave band sound pow
er levels of the equipm

ent listed in Table 
9-11.

Table 9-12 
O

verall Sound Pow
er Levels 

O
verall Level, 

L
eq

O
ctave B

and C
entre Frequency, H

z                                
S

ound P
ow

er Level, dB
(Lin) L

eq

dB
(Lin) 

dB
(A

) 
31.5 

63 
125 

250 
500 

1k 
2k 

4k 
8k 

128 
118 

123 
124 

120 
115 

113 
110 

113 
109 

105 

N
oise Sensitive R

eceptors 
The 

nearest 
potentially 

affected 
noise 

sensitive 
receptor 

locations 
have 

been 
identified 

from
 

exam
ination of aerial photographs using G

oogle E
arth P

ro (2009) and a site inspection conducted in 
D

ecem
ber 2008 are detailed in Table 9-13. 

Table 9-13 
N

earest Potentially A
ffected N

oise Sensitive R
eceptor Locations 

R
eceptor 

A
ddress 

A
pprox. D

istance 
from

 G
as T

urbines 
N

earest S
ite 

B
oundary

A
R

iordans R
oad 

2250 m
 

S
W

 
B

 
386 Tarrone N

orth R
oad 

1750 m
 

N
E

C
 

426 Tarrone N
orth R

oad 
1550 m

 
N

E
D

 
473 Tarrone N

orth R
oad 

1700 m
 

E
E

 
573 Tarrone N

orth R
oad 

2050 m
 

S
E

F 
589 Tarrone N

orth R
oad 

2250 m
 

S
E

G
 

574 Tarrone N
orth R

oad 
1950 m

 
S

E
H

 
760 Tarrone N

orth R
oad 

3100 m
 

S
E

Figure 2 show
s the location of these receptors described above, together w

ith a reference 2 kilom
etre 

radius circle from
 the centre of the site. 

9.8.2 
H

2 - B
est Practice N

oise M
anagem

ent 
The exhaust stack, air inlets and turbine acoustic enclosures w

ill be designed to achieve overall 
com

pliance w
ith the E

P
A requirem

ents specified in Table 9-11. N
oise m

itigation m
easures for the 

prim
ary com

ponents of the proposed gas turbines are: 

�
acoustic enclosure of turbine com

partm
ents consists of tw

o layers of 2 m
m

 thick steel outer plate, 
75 m

m
 thick rockw

ool insulation and perforated steel inner plate 
�

acoustic enclosure of exhaust diffusers consists of tw
o layers of 4 m

m
 thick steel outer plate, 150 

m
m

 thick rockw
ool insulation and 4 m

m
 thick steel inner plate 

�
silencing on the inlet system

 is an 8 foot long parallel acoustic baffle 

The sound pow
er levels show

n on Table 9-11 assum
e the application of the aforem

entioned m
itigation 

m
easures. The details of the noise m

itigation m
easures have been determ

ined in consultation w
ith 

A
G

L and suppliers. The m
itigation m

easures proposed by A
G

L are considered to be best practice for 
the m

itigation of noise from
 a peaker pow

er station.  
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9.8.3 
H

3 - N
oise Im

pact 
A

 noise im
pact assessm

ent w
as undertaken to determ

ine likely noise issues pertaining to the 
operation of the proposed Tarrone pow

er station. The assessm
ent of potential noise im

pacts of the 
facility, on surrounding noise sensitive receptor locations, has been carried out in accordance w

ith 
relevant V

ictoria E
P

A
 noise guidelines. In order to ascertain the appropriate guidelines for use in the 

noise assessm
ent, the existing acoustic environm

ent m
ust be determ

ined. 

Existing A
coustic Environm

ent 
N

oise m
easurem

ents have been conducted by long-term
 unattended m

onitoring and short-term
 

attended m
onitoring at selected noise sensitive receptors. N

oise m
onitoring locations w

ere chosen 
after exam

ination of satellite im
agery of the locality and a site inspection. 

C
onsideration w

as given in selecting the m
onitoring locations to enable unattended long-term

 noise 
m

onitoring to establish the representative noise trend at the nearest receptors. The locations w
ere 

also chosen so that the noise loggers w
ould not have been affected by extraneous noise (e.g. cattle, 

pum
ps, etc) w

hich could result in unrepresentative elevated background noise levels. 
The tw

o nearest noise sensitive receptor locations to the site w
ere selected for the long-term

 noise 
m

onitoring, and several short-term
 attended locations w

ere chosen to supplem
ent the long-term

 noise 
m

onitoring. These locations are considered representative of the m
ost potentially affected noise 

sensitive receptor locations near the site. The results of the background noise m
onitoring are 

presented in S
ection 3 of A

ppendix B
. 

Long term
 un-attended noise m

easurem
ents w

ere conducted at: 

�
Location D

: 473 Tarrone N
orth R

oad, located approxim
ately 1,600 m

etres to the north-east of the 
proposed location of the gas turbines on site. This location w

as used for long-term
 unattended 

noise m
onitoring to obtain background noise levels representative of Locations B

, C
 and D

.  
�

Location G
: 574 Tarrone N

orth R
oad, located approxim

ately 1,800 m
etres to the south-east of the 

proposed location of the gas turbines on site. This location w
as utilised for long-term

 unattended 
noise m

onitoring to obtain background noise levels representative of Locations A
, E

, F, G
 and H

.  

S
hort-term

 attended noise m
easurem

ents w
ere conducted at Locations A

, B
, C

, E
 and F. B

ackground 
noise levels at these locations have found to be sim

ilar to those at Locations D
, G

, and H
. 

C
onsidering the sound sources in the vicinity of these receptors, background noise levels obtained 

from
 Locations D

 and G
 have been adopted to establish noise lim

its of the operation of the proposed 
Tarrone pow

er station. Table 9-14 presents a sum
m

ary of overall am
bient and background noise 

levels and at each m
onitoring location. 

Table 9-14 
Sum

m
ary of M

easured N
oise Levels 

B
ackground N

oise Level (B
L) 

L
A

90  dB
(A

) 
Location

D
ay 

E
vening 

N
ight 

D
: 473 Tarrone N

orth R
oad 

31
28

25
G

: 574 Tarrone N
orth R

oad 
33

29
24
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Victoria EPA
 Interim

 G
uidelines N

3/89 
R

ural areas often have very low
 background noise levels. W

hile ideally noise from
 new

 activities 
should not be significantly higher than the existing background, N

3/89 recognises that this is often not 
practicable to achieve.  The G

uidelines provides the follow
ing m

inim
um

 noise lim
its. 

Table 9-15 
N

3/89 m
inim

um
 noise lim

its 

 
D

ay 
E

vening 
N

ight 

B
ackground noise level (L

A
90 ) 

< 30 dB
(A

) 
< 30 dB

(A
) 

< 25 dB
(A

) 
N

oise lim
it (L

A
eq )

45 dB
(A

) 
37 dB

(A
) 

32 dB
(A

) 
N

otes: 
S

ee A
ppendix B

 for Tim
e of D

ay 

G
iven that the m

easured background noise levels w
ere close or below

 to the “very low
” threshold, it is 

appropriate to apply the m
inim

um
 noise lim

its in all locations. S
E

P
P

 N
-1 provides a procedure for 

adjusting noise levels for special audible characteristics such as tonality and im
pulsiveness.  

The G
uidelines do not specify w

hich acoustic descriptor (e.g. L
A

eq , L
A

10 , or L
A

m
ax ) should be used to 

describe the noise lim
its. H

ow
ever, use of the L

A
eq  is consistent w

ith the requirem
ents set out in the 

V
ictoria E

P
A

 S
E

P
P

 N
o.N

-1. 

Table 9-16 sum
m

arises the selected operational noise criteria applicable to all receptor locations. 

Table 9-16 
N

3/89 O
perational N

oise Lim
it 

O
perational N

oise Lim
it  

L
A

eq,15m
in  dB

(A
) 

R
eceptor Locations 

D
ay 

E
vening  

N
ight 

A
, B

, C
, D

, E
, F, G

 &
 H

 
45

37
32

N
otes: 

S
ee A

ppendix B
 for Tim

e of D
ay 

Victoria EPA
 D

raft G
uidelines – N

IR
V 

S
E

P
P

 N
-1 is the statutory policy for industry noise in the M

elbourne m
etropolitan region. It sets 

allow
able noise levels based on the land zoning and the background sound levels in that area. 

The E
P

A
 last released guidelines for rural industry noise in 1989 (N

3/89), w
hich set low

 noise levels to 
be m

et in very quiet rural areas and describe areas w
here the m

ethodology of S
E

P
P

 N
-1 should be 

applied to set recom
m

ended levels. H
ow

ever, the guidelines have not provided certainty about the 
appropriate noise levels in other areas, such as industrial zones in sm

aller tow
ns, or in the outskirts of 

M
elbourne and m

ajor regional centres. 

The draft N
IR

V
 addresses gaps in the existing G

uidelines and w
ill provide greater certainty and 

transparency in the setting of appropriate noise levels for industry. The draft N
IR

V
 w

ill supersede the 
N

3/89 w
hen issued in its final form

. 

The noise lim
its for each period are 45 dB

(A
) for day, 37 dB

(A
) for evening and 32 dB

(A
) for night. 

It also states that the recom
m

ended noise lim
its w

ill becom
e 3 dB

 less than the above lim
its if the 

industrial prem
ises on an allotm

ent greater than 10 ha in any zone w
here expansion of the industrial 

prem
ises is likely to happen. 



W
orks A

pproval Application 

9 EPA
 A

pplication Sections A
 to I 

64
43283491/01/05 

Table 9-17 presents the N
IR

V
 noise lim

its according to the steps explained above. 

Table 9-17 
N

IR
V O

perational N
oise Lim

it 

O
perational N

oise Lim
it  

L
A

eq,15m
in  dB

(A
)  

N
o S

ite E
xpansion in future 

O
perational N

oise Lim
it 

L
A

eq,15m
in  dB

(A
) 

S
ite E

xpansion in future 
R

eceptor
Locations

D
ay 

E
vening 

N
ight 

D
ay 

E
vening  

N
ight 

A
, B

, C
, D

, E
, F &

 G
 

45
37 

32 
42 

34 
29 

N
otes: 

S
ee A

ppendix B
 for Tim

e of D
ay 

C
om

parison of N
3/89 and N

IR
V N

oise C
riteria 

Table 9-18 presents com
parison of noise criteria established in accordance w

ith N
3/89 and N

IR
V 

respectively.  

It can be seen that, on the basis that A
G

L does not propose future expansion to the facilty, both N
3/89 

and N
IR

V
 criteria are identical, 

Table 9-18 
N

oise C
riteria: N

3/89 and N
IR

V 

G
uideline 

D
ay 

E
vening 

N
ight 

N
3/89 N

oise C
riteria L

A
eq,15m

in  dB(A) 
45 

37 
32 

N
IR

V
 N

oise C
riteria L

A
eq,15m

in  dB
(A

) – N
o site expansion in future 

45 
37 

32 
N

IR
V

 N
oise C

riteria L
A

eq,15m
in  dB

(A
) – S

ite E
xpansion in future 

42 
34 

29 
N

otes: 
A

G
L does not propose any expansion to the project site. 

Sleep D
isturbance 

A
n assessm

ent of sleep disturbance for the potentially affected noise sensitive receptors has also 
been considered in this study. W

here there exists the possibility that instantaneous, short-duration, 
high-level noise events m

ay occur during night-tim
e hours (10.00 pm

 – 7.00 am
), consideration should 

be given to the potential for the disturbance of sleep w
ithin residences. 

The relevant legislation suggests that the equivalent noise level (L
eq ) and m

axim
um

 noise level (L
m

ax )
inside bedroom

 should be lim
ited to 30-35 dB(A

) and 45 dB
(A) respectively. To achieve the internal 

noise levels described above, the noise levels outside bedroom
 w

indow
s (given noise reduction 

through partially opened w
indow

s is estim
ated to be 10 dB

(A
)), should be lim

ited to 45 dB
(A

) L
A

eq  and 
55 dB(A

) L
A

m
ax  respectively. H

ow
ever, the 45 dB

(A) L
Aeq  noise lim

it is supplanted by the m
ore stringent 

32 dB
(A

) L
A

eq  lim
it established above for the night-tim

e period. 

N
oise Em

ission M
odelling R

esults 
N

oise levels for the proposed operation of the site at the identified noise sensitive receptor locations 
have been predicted using an acoustic com

puter m
odel created in S

oundP
LA

N
 V

ersion 6.5 w
hich, is 

internationally recognised, including by regulators and authorities throughout Australia.  The program
 

allow
s the use of various noise prediction algorithm

s. To calculate noise em
ission levels under neutral 

and adverse m
eteorological conditions, the C

O
N

C
AW

E
 algorithm

 has been used.  The C
O

N
C

AW
E

 
m

ethod w
as especially designed for the requirem

ents of large industrial facilities such as petroleum
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and petrochem
ical com

plexes, and is now
 the principal prediction m

ethod used in A
ustralia and w

idely 
used for calculating noise em

issions from
 all types of industrial facilities. C

O
N

C
A

W
E

, w
here prevailing 

w
inds and m

eteorological conditions do not fit norm
al conditions that are assum

ed in som
e other 

alternate calculation m
ethods, provides com

plex calculation m
ethods in predicting noise levels under 

the influence of w
ind and the stability of the atm

osphere as w
ell as ground effects. 

The noise m
odel took into account: 

�
sound pow

er levels of each source; 
�

receptor locations; 
�

screening effects due to topography; 
�

m
eteorological effects and attenuation due to distance; and 

�
ground and atm

ospheric absorption. 

The noise calculations have been carried out using the L
A

eq  descriptor to assess the operational and 
construction noise im

pacts. 

A
dditional noise m

odelling has been carried out using IS
O

9613 (P
art 2) calculation m

ethod, available 
w

ithin S
oundPLA

N
, for com

parison w
ith the results generated by C

O
N

C
AW

E
 m

ethod. A
 key 

difference betw
een the C

O
N

C
AW

E
 m

ethod and the IS
O

 m
ethod is that the later assum

es source-to-
receptor w

ind direction com
pared to the form

er w
hich takes into account the area’s prevailing w

ind 
conditions.

Throughout the assessm
ent, typical and ‘w

orst-case’ factors have been taken into consideration. The 
noise m

odelling has been conducted based on likely m
axim

um
 operating conditions for each turbine 

option.

In setting-up the noise m
odel, all pre-defined sources w

ere positioned according to the proposed site 
layout in the respective noise m

odel. The precise positioning of the sources w
as not found to cause 

any significant uncertainty. The follow
ing assum

ptions w
ere also m

ade in the noise m
odelling: 

�
E

ach noise generating activity operates continuously; and 
�

A
ll the activities (listed in Table 9-11) occur sim

ultaneously. 

The noise m
odelling results using the C

O
N

C
A

W
E calculation m

ethod w
ith neutral and adverse 

m
eteorological conditions are presented in Table 9-19 (refer to A

ppendix B
 Table 5-3 for a sum

m
ary of 

each m
eteorological scenario). 
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Table 9-19 
Predicted O

perational N
oise Levels (C

O
N

C
A

W
E C

alculation M
ethod) 

P
redicted N

oise Levels (L
A

eq )
dB

(A
)

C
riterion (L

A
eq )

dB
(A

)

R
eceptor

Location

N
eutral M

et 
C

onditions
(S

cenario 1 &
 

2)

A
dverse M

et 
C

onditions
(S

cenario 3 &
 

4)

D
ay

(S
cenario 1 

&
 3) 

E
vening &

 
N

ight

(S
cenario 2 

&
 4) 

E
xceedance 

A
24

19 (3) / 21 (4) 
45

37 / 32 
N

o
B

28
33 (3) / 28 (4) 

45
37 / 32 

N
o

C
29

33 (3) / 32 (4) 
45

37 / 32 
N

o
D

26
30 (3) / 31 (4) 

45
37 / 32 

N
o

E
24

21 (3) / 29 (4) 
45

37 / 32 
N

o
F 

< 20 
< 20 

45
37 / 32 

N
o

G
25

21 (3) / 30 (4) 
45

37 / 32 
N

o
H

< 20 
15 (3) / 24 (4) 

45
37 / 32 

N
o

N
otes:

R
esults in bold represent the exceedance of the respective noise lim

it. 
S

cenario 1: D
aytim

e operation under neutral m
eteorological conditions. 

S
cenario 2: E

vening &
 N

ight-tim
e operation under neutral m

eteorological conditions. 
S

cenario 3: D
aytim

e operation under adverse m
eteorological conditions. 

S
cenario 4: E

vening &
 N

ight-tim
e operation under adverse m

eteorological conditions.

The 
noise 

m
odelling 

results 
using 

the 
IS

O
9613 

calculation 
m

ethod 
w

ith 
neutral 

and 
adverse 

m
eteorological conditions are presented in Table 9-20 

Table 9-20 
Predicted O

perational N
oise Levels (ISO

9613 C
alculation M

ethod) 

P
redicted N

oise Levels (L
A

eq )
dB

(A
)

C
riterion (L

A
eq )

dB
(A

)

R
eceptor

Location

IS
O

 C
onditions 

(D
ay - S

cenario 
5)

IS
O

 C
onditions 

(E
vening/N

ight - 
S

cenario 6) 

D
ay 

E
vening &

 N
ight 

E
xceedance 

A
28

28
45

37 / 32 
N

o
B

29
30

45
37 / 32 

N
o

C
31

31
45

37 / 32 
N

o
D

28
28

45
37 / 32 

N
o

E
28

28
45

37 / 32 
N

o
F 

< 20 
< 20 

45
37 / 32 

N
o

G
28

28
45

37 / 32 
N

o
H

24
24

45
37 / 32 

N
o
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The results presented in Table 9-19 and Table 9-20 show
 that the predicted noise levels generated by 

the proposed operation w
ould be w

ithin the established noise criteria at all receptor locations under all 
conditions. G

iven that the pow
er station is a peaking plant and the m

eteorological conditions that 
could adversely affect the noise levels are expected to occur less than 15 per cent of tim

e, the 
operational noise levels w

ould generally be below
 the levels predicted for S

cenarios 3 and 4. 

C
om

paring the results using the C
O

N
C

A
W

E
 calculation m

ethod (Table 9-19) w
ith the ISO

 results 
(Table 9-20), they predict sim

ilar noise levels (variation 1 to 3 dB
) at all receptor locations, w

ith the 
m

inor variations prim
arily due to the different w

ind direction settings used in each calculation m
ethod. 

It should be noted that N
3/89 and the draft N

IR
V

 are not m
andatory and the application of noise lim

its 
is for guidance only. In very low

 background noise and adverse m
eteorological conditions, the site 

operation m
ay just be audible at Locations C

 and D
 at night tim

e, but as previously identified the 
predicted noise levels w

ould be below
 the m

easured am
bient noise levels and w

ould not exceed the 
criteria.

Therefore, further noise m
itigation m

easures beyond those already proposed by A
G

L (A
ppendix B

) 
are not considered necessary.  

N
oise from

 the proposed operation is constant in nature and therefore, during the night-tim
e period the 

levels are expected to be significantly below
 55 dB

(A
) L

A
m

ax  at all receptor locations. Therefore, the 
operation is not predicted to give rise to sleep disturbance. 

O
ff-Site Traffic N

oise 
The ongoing operation of the pow

er station w
ill generate significantly less traffic than the construction 

phase of the project. D
uring the operational phase, staff levels are expected to average up to five full 

tim
e persons on site generating approxim

ately ten car trips per day. The increase in traffic from
 the 

daily operation of the pow
er station is accounted for in the general grow

th in traffic for the region. A
n 

increase in traffic volum
es is expected during periodic m

aintenance activities w
hich w

ould take place 
every 2 to 3 years.

C
om

pared to the existing traffic volum
es, the proposed traffic volum

es generated by the developm
ent 

w
ill be insignificant. 

Low
 Frequency N

oise 
Low

 frequency noise is usually defined as sound betw
een 20H

z and 200H
z (frequencies below

 20H
z 

are considered to represent infrasound).  In the absence of specific guidelines to assess low
 

frequency noise for V
ictoria, a review

 w
as conducted of appropriate guidelines to assess potential low

 
frequency noise im

pacts. A w
ide range of guidelines and references w

ere review
ed including the N

SW
 

Industrial N
oise P

olicy (IN
P

, N
S

W
 E

P
A

, 2000), A
 R

eview
 of P

ublished R
esearch on Low

 Frequency 
N

oise and its E
ffects (R

eport for D
epartm

ent for E
nvironm

ent, Food and R
ural A

ffairs [D
E

FR
A

] U
K

 by 
D

r G
eoff Leventhall, 2003) and A

 N
oise Lim

it on Low
 Frequency N

oise E
m

ission due to Pow
er P

lants
(N

. B
roner, 2008) 

The N
SW

 IN
P

 recom
m

endations for low
 frequency noise involve an assessm

ent to be conducted on 
the difference betw

een C
 and A

 w
eighted levels. The m

ost com
m

on frequency w
eighting in current 

use is “A
-w

eighting” providing results usually denoted as dB
(A

), and approxim
ates the response of the 

hum
an ear at low

 sound levels. A
n alternative “C

-w
eighting” curve is often used w

hen evaluating loud 
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or low
-frequency sounds. The IN

P states that if a 15 dB
 difference exists betw

een the A
 and C

 
w

eighted levels, a correction of - 5 dB
 is to be applied to the noise lim

it. This approach provides an 
assessm

ent for potential for low
 frequency noise.  

H
ow

ever, recent international research has show
n that the use of this difference approach is not 

suitable w
hen the noise levels are tend tow

ards the low
er end of the range of low

 frequencies, since 
the low

 frequencies m
ay then be below

 the threshold of hearing levels (Leventhall, 2003). C
urrent 

research suggests that (dB
(C

) – dB
(A)) difference should not be used as an annoyance predictor, but 

as a sim
ple indicator of w

hether further investigation m
ay be necessary (Low

 Frequency N
oise and 

A
nnoyance, N

oise &
 H

ealth 2004, 6:23, 59-72).  D
E

FR
A

 developed a procedure to assess low
 

frequency noise as follow
s: 

�
Take m

easurem
ents of L

eq, L
10  and L

90  in third octave bands betw
een 10 H

z and 160 H
z. 

�
If the L

eq , taken over a tim
e w

hen the noise is said to be present, exceeds the values in a specified 
low

 frequency reference curve (Table 4-5 of A
ppendix B

), it m
ay indicate a source of low

 frequency 
that could cause disturbance. The character of the sound should be checked if possible by playing 
back an audio recording at an am

plified level. 
�

If the noise occurs only during the day, then 5 dB
 relaxation m

ay be applied to all third octave 
bands. 

�
If the noise is steady, then a 5 dB

 relaxation m
ay be applied to all third octave bands. A

 noise is 
considered steady if either of the conditions a) or b) below

 is m
et: 

—
a). L

10  - L
90  < 5 dB

 
—

b). the rate of change of sound pressure level (Fast tim
e w

eighting) is less than 10 dB
 per 

second 

w
here the param

eters are evaluated in the third octave band w
hich exceeds the reference curve 

values (Table 4-5 of A
ppendix B

) by the greatest m
argin. 

For protecting residential areas against potential low
 frequency noise issues caused by com

bustion 
turbine open cycle plants, H

essler (P
roposed C

riteria for Low
 Frequency N

oise from
 C

om
bustion 

Turbine P
ow

er P
lants, N

oise – C
on 2004, B

altim
ore, M

aryland, G
. F. H

asseler Jr, 2005) proposed C
-

w
eighted levels supplem

entary to the A
-w

eighted site criteria as follow
s: 

�
For interm

ittent daytim
e only or seasonal source operation:  

—
70 dB

(C
) for norm

al suburban/urban residential areas, w
here background level (L

A
90 ) is higher 

than 40 dB
(A), 

—
65 dB

(C
) for quiet suburban or rural residential areas, w

here background level (L
A

90 ) is low
er 

than 40 dB
(A), and 

�
For extensive or 24/7 source operation: 

—
65 dB

(C
) for norm

al suburban/urban residential areas, w
here background level (L

A
90 ) is higher 

than 40 dB
(A), 

—
60 dB

(C
) for very quiet suburban or rural residential areas, w

here background level (L
A

90 ) is 
low

er than 40 dB
(A

), 
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O
ther identified guidelines relating to acceptable low

 frequency noise levels included: 

�
A

N
S

I S
12.9 – 2005/P

art 4 indicates that annoyance is generally m
inim

al w
hen octave band sound 

levels are less than 67 dB(C
) and less than 72 dB(C

) to prevent the likelihood of noise-induced 
rattles. 

�
The U

S
 O

regon S
tate N

oise C
ontrol R

egulations for industrial and com
m

ercial noise sources 
suggest the allow

able low
 frequency noise level for the night-tim

e period (10 pm
 – 7 am

) to be 65 
dB

(C
) and for the daytim

e period (7 am
 – 10 pm

) to be 68 dB
(C

). 
�

In a review
 of recent international research, including som

e of the aforem
entioned papers, D

r. 
B

roner (A
 N

oise Lim
it on Low

 Frequency N
oise E

m
ission due to P

ow
er P

lants, 2008) suggested a 
low

 frequency noise criterion of Leq 65 dB
(C

) – 70 dB(C
) for residential locations.   

The proposed Tarrone pow
er station w

ould operate interm
ittently, there w

ill be a seasonal com
ponent 

(associated w
ith peak electricity dem

and) to its operation, and it is proposed to be located in a rural 
area w

ith background noise levels below
 40 dB

(A).  Therefore, it is considered that L
eq  65 dB

(C
) is the 

m
ost appropriate criterion to adopt for a low

 frequency noise assessm
ent for this project.  For practical 

purposes this is taken to be sound from
 the 25H

z third octave band to the 200H
z third octave band. 

W
e note that this criterion is consistent w

ith that im
posed for A

G
L's m

ost recently approved pow
er 

station developm
ent in Leafs G

ully, N
SW

.  The Leafs G
ully pow

er station is to be located in a rural 
area w

here background noise levels are sim
ilar to those of Tarrone.  A

s part of the im
pact assessm

ent 
process, relevant overseas research related to assessm

ent of the potential for low
 frequency noise 

im
pact w

as review
ed. A

s discussed previously w
ithin this section, the research indicated that the use 

of the approach provided in the N
S

W
 Industrial N

oise P
olicy (IN

P) is not suitable w
hen the predicted 

resultant noise levels are low
.  N

SW
 D

epartm
ent of P

lanning w
as satisfied w

ith A
G

L's assessm
ent 

m
ethodology proposed for the project that a noise level not greater than 65 dB(C

) is unlikely cause low
 

frequency noise annoyance im
pacts at sensitive receptors.  A

ccordingly, the D
epartm

ent concluded 
that the 5 dB

(A
) adjustm

ent to the noise criteria is only to be applied if the difference betw
een the C

 
and A

-w
eighted noise levels is greater than or equal to 15 dB

 w
hen the m

easured noise levels is 
greater than 65 dB

(C
). 

To assess potential low
 frequency noise im

pacts, C
-w

eighted noise levels of octave band frequency 
betw

een 31.5 H
z and 8 kH

z w
ere predicted by noise m

odelling using S
oundP

LA
N

.  The predictive 
noise m

odelling by S
oundP

LA
N

 estim
ated the noise levels (C

-w
eighed) at the receptors and a 

com
parison w

ith the assessm
ent criteria is presented in Table 9-21. 

It is noted that sound pow
er levels of frequencies below

 31.5 H
z w

ere not available and are beyond 
the range of the m

odelling softw
are. To address this, the contribution of sound at low

er frequencies to 
the C

-w
eighted noise levels at each receptor location, based on indicative turbine spectra, w

as 
estim

ated. W
hilst attenuation of noise levels in 31.5 H

z to 8 kH
z octave band frequencies are 

dependent upon som
e factors such as air absorption, ground absorption or screening, attenuation of 

noise levels in frequencies below
 31.5 H

z w
ould prim

arily be due to geom
etrical spreading, i.e. 

attenuation m
ostly due to distance, w

ith little adjustm
ent due to air/ground absorption or screening.  

Table 9-21 presents C
-w

eighted noise levels predicted using S
oundP

LA
N

 for 31.5 H
z to 8 kH

z octave 
band frequencies as w

ell as the estim
ated levels considering low

er frequencies (dow
n to 20 H

z) based 
on indicative turbine spectra. 
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Table 9-21 
Predicted O

perational N
oise Levels (C

-w
eighted) 

P
redicted N

oise Levels (L
eq ) dB

(C
)

R
eceptor

Location

31.5 H
z – 8 kH

z 
C

O
N

C
A

W
E

 / IS
O

9613 
20 H

z –
8 kH

z    
IS

O
9613

1

C
riterion (L

eq )
dB

(C
)

E
xceedance 

A
37 / 50 

60
B

45 / 45 
62

C
47 / 48 

63
D

45 / 48 
62

E
44 / 47 

61
F 

28 / 36 
60

G
44 / 47 

61
H

38 / 45 
57

65
N

o

N
ote: 

1. N
oise attenuation below

 31 H
z w

ould prim
arily be due to geom

etrical noise propagation. 

The analysis presented in Table 9-21 com
pared to the criteria indicates that low

 frequency noise 
w

ould not be at a level to cause annoyance to the closest residential receivers. A
ccordingly, no 

adjustm
ent to the A

-w
eighted operational noise criteria is required. 

C
um

ulative N
oise Im

pacts – Shaw
 R

iver Pow
er Station 

The predicted noise em
ission levels arising from

 the construction and operation of the proposed S
haw

 
R

iver P
ow

er S
tation (SR

P
S

) and the C
om

pressor S
tation (C

S) presented in the E
nvironm

ental E
ffects 

S
tatem

ent [E
E

S
] S

haw
 R

iver P
ow

er S
tation P

roject (M
arch 2010) w

ere review
ed for consideration of 

potential interactions betw
een the proposals.  The noise im

pact assessm
ent present in the S

R
P

S
 E

E
S

 
w

as undertaken by S
onus P

ty Ltd (July 2009).  

The S
R

P
S

 site is to be located near O
rford, approxim

ately 4.5 kilom
etres to the w

est of the nearest 
receptor (R

eceptor A
) considered in this assessm

ent. The C
S

 site is to be located approxim
ately 8 

kilom
etres to the south-east of the nearest receptor (R

eceptor F) considered in this assessm
ent.  

The noise levels estim
ated, based on the data present in the E

E
S

, due to the assum
ed concurrent 

operation of the S
R

P
S

 and C
S

 at the nom
inated receptors are as follow

s: 

�
N

oise level at R
eceptor A

 is estim
ated to be less than 20 dB

(A
), and 

�
N

oise level at R
eceptor F is estim

ated to be less than 15 dB
(A

). 

The construction noise levels estim
ated due to S

PR
S

 and C
S

 at the nom
inated receptors are as 

follow
s: 

�
N

oise level at R
eceptor A

 is estim
ated to be less than 30 dB

(A
), and 

�
N

oise level at R
eceptor F is estim

ated to be less than 25 dB
(A

). 

B
ased on these estim

ated noise levels, it is concluded that the potential cum
ulative noise im

pact at 
the receptors A

 and F arising from
 construction or operation (at full load) of the A

G
L Tarrone P

ow
er 

S
tation (presented in Table 9-19, Table 9-20 and Table 8-3) at the sam

e tim
e as construction and/or 

operation of the proposed S
R

P
S

 and C
S

 w
ould be negligible and not expected to increase the noise 

levels at these locations relative to the noise levels predicted to arise from
 operation of Tarrone P

ow
er 

S
tation alone. 
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N
oise A

ssessm
ent Findings 

The assessm
ent found that the adopted noise lim

its can be achieved w
ith no further noise m

itigation 
m

easures beyond those already proposed by A
G

L (including m
itigation m

easures for the proposed 
stack). 

N
o exceedances of the noise lim

it are predicted for activities relating to the construction of the pow
er 

station that w
ould occur during the day. The proposed operation of the facility is not expected to 

significantly degrade the existing acoustic environm
ent nor generate com

m
unity annoyance. 

The predicted noise levels should be verified during com
m

issioning, and in the unlikely event of any 
significant discrepancies from

 this assessm
ent, there is scope to provide additional attenuation 

through m
easures such as acoustic enclosures and silencers w

ith higher noise reduction rating.  

O
n the basis of these conclusions, it is the finding of this assessm

ent that the developm
ent should be 

acceptable w
ith respect to noise generation. 

9.9 
I - Environm

ental M
anagem

ent 
N

on routine operations and m
onitoring requirem

ents have been covered in S
ection 8. 
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10
10 Lim

itations

U
R

S
 A

ustralia P
ty Ltd (U

R
S) has prepared this report in accordance w

ith the usual care and 
thoroughness of the consulting profession for the use of A

G
L E

nergy Lim
ited and only those third 

parties w
ho have been authorised in w

riting by U
R

S
 to rely on the report. It is based on generally 

accepted practices and standards at the tim
e it w

as prepared. N
o other w

arranty, expressed or 
im

plied, is m
ade as to the professional advice included in this report. It is prepared in accordance w

ith 
the scope of w

ork and for the purpose outlined in the P
roposal dated 20 O

ctober, 2008 and 18 
February 2010. 

The m
ethodology adopted and sources of inform

ation used by U
R

S
 are outlined in this report. U

R
S 

has m
ade no independent verification of this inform

ation beyond the agreed scope of w
orks and U

R
S

 
assum

es no responsibility for any inaccuracies or om
issions. N

o indications w
ere found during our 

investigations that inform
ation contained in this report as provided to U

R
S

 w
as false. 

This report w
as 

prepared 
betw

een M
arch and A

ugust 2010 
and 

is 
based 

on 
the 

conditions 
encountered and inform

ation review
ed at the tim

e of preparation. U
R

S
 disclaim

s responsibility for any 
changes that m

ay have occurred after this tim
e. 

This report should be read in full. N
o responsibility is accepted for use of any part of this report in any 
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1Introduction

A
G

L E
nergy Lim

ited P
ty Ltd (A

G
L) proposes the construction of a peak loading pow

er plant near to 
Tarrone in south w

estern V
ictoria.  The proposed peak loading pow

er plant w
ill have a nom

inal 
operating 

capacity 
of 

approxim
ately 

720 
M

W
h 

- 
920 

M
W

h, 
dependant 

on 
the 

final 
turbine 

configuration. 

Tw
o plant configurations are considered for the proposed Tarrone pow

er station com
prising of either 

four E
 class or three F class turbines operating in open cycle m

ode.  A
t this stage in the design 

process, the final choice of engine m
anufacturer has not been determ

ined, how
ever five prospective 

m
anufacturers are being considered.  In order to provide flexibility in the final choice of supplier, U

R
S

 
A

ustralia P
ty Ltd (U

R
S

), A
G

L’s technical consultant has considered the: 

�
Local air quality im

pact; and 
�

G
reenhouse gas em

issions, 

from
 the use of tw

o engines representing typical em
issions and im

pacts resulting from
 the use of E

-
C

lass and F-C
lass engines.  The tw

o proposed site designs considered by U
R

S
 in this assessm

ent 
are:

�
4 X

 A
lstom

 13E
2 M

; or 
�

3 X
 G

E
 E

nergy 9FA
. 

A
 discussion on the representativeness of the engines is provided in this assessm

ent. 

The im
pact on am

bient air quality w
ith respect to regulatory em

ission lim
its and ground level 

concentration criteria of the prim
arily gaseous em

issions has been assessed by U
R

S
.  The local air 

quality assessm
ent involved atm

ospheric dispersion m
odelling and has been conducted in accordance 

w
ith 

the 
S

tate 
E

nvironm
ent 

P
rotection 

P
olicy 

for 
A

ir 
Q

uality 
M

anagem
ent 

(referred 
to 

herein 
S

E
P

P
(A

Q
M

)). The assessm
ent of the im

pact of local air quality used a largely conservative approach, 
in accordance w

ith the S
E

P
P

(A
Q

M
). 
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2
2Local Environm

ent 

2.1 
Site Location 

The proposed Tarrone pow
er station is located in the rural locality of Tarrone, in the M

oyne S
hire 

Local G
overnm

ent A
rea, in south-w

est V
ictoria. The site has been nom

inated as the proposed pow
er 

station location due to its proxim
ity to critical electricity and gas infrastructure, and the suitable 

distance of the site from
 the nearest residences. 

A
 500kV

 electrical sub-station w
ould be located on the site to provide a connection to V

ictoria’s 
electricity grid through the high-voltage M

oorabool-H
eyw

ood transm
ission line that crosses the site 

and w
ould service the Tarrone pow

er station. The substation w
ould also service the proposed 

M
acarthur w

ind farm
 (should that project proceed). 

A
n underground gas pipeline w

ill provide a connection to the nearby high-pressure S
E

A
 G

as P
ipeline 

(P
ort C

am
pbell – A

delaide). The gas can be supplied at the pipeline pressure w
ithout the need for 

additional com
pression. 

The site is relatively isolated providing adequate buffers, w
ith the nearest residence approxim

ately 
1500 m

etres to the north-east. 

2.2 
C

lim
ate and M

eteorology 
Three B

ureau of M
eteorology sites are located close to the proposed site at: 

�
M

ortlake R
acecourse; 

�
P

ortland; and 
�

W
arrnam

bool. 

These data indicate that the region experiences m
oderately w

arm
 sum

m
ers w

ith average daytim
e 

tem
peratures around 25�C

 w
ith occurrences of hot conditions to a m

axim
um

 recorded tem
perature of 

46�C
.  A

verage daytim
e w

inter tem
peratures are approxim

ately 13�C
 w

ith recorded night tim
e 

m
inim

um
s reaching low

s of approxim
ately -5�C

.

A
nnual w

inds are found to occur from
 all directions, w

ith northerly w
inds m

ore frequent than other 
directions.  D

uring the sum
m

er, the afternoon is dom
inated by southerly w

inds indicative of a strong 
influence of sea breezes. 

The area has an annual m
ean rainfall of approxim

ately 550m
m

 w
ith, on average, 96 days of rain w

ith 
greater than 1m

m
 recorded. 

2.3 
B

ackground A
ir Q

uality 
To U

R
S

’ know
ledge, the area has no perm

anent background m
onitors in place for the m

easurem
ent 

of am
bient air quality.  B

ackground air quality has been m
easured in W

arrnam
bool by E

P
A

 and M
ount 

G
am

bier by the S
outh A

ustralian E
P

A
. 

2.3.1 
W

arrnam
bool B

ackground A
ir Q

uality 
E

P
A

 m
easured particulate concentrations and ozone in W

arrnam
bool from

 O
ctober 2006 to O

ctober 
2007.  W

arrnam
bool w

as found to have generally good air quality w
ith high levels of particulate 

resulting in the objective for visibility being exceeded on 13 days and the P
M

10  objective on 3 days.  
The episodes of high particulate levels w

ere attributed to bushfires in the north-east of V
ictoria and 

w
ood sm

oke from
 the use of dom

estic fires.  D
ata on levels of PM

2.5 , or other com
m

on anthropogenic 
species w

ere not reported in this round of m
onitoring. 
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2.3.2 
M

ount G
am

bier B
ackground A

ir Q
uality 

The S
outh A

ustralian E
P

A
 m

easured background air quality in M
ount G

am
bier at three sites from

 
S

eptem
ber 2001 to A

ugust 2002.  S
pecies m

onitored included: 

�
N

itrogen dioxide; 
�

S
ulphur dioxide; 

�
C

arbon m
onoxide; 

�
PM

10 ;
�

Form
aldehyde; and 

�
B

enzene. 

Tw
o of the sites w

ere located adjacent to industrial areas, and the third site w
as located next to the 

m
ain road through M

ount G
am

bier.  The m
onitoring locations w

ere selected by the S
outh A

ustralian 
E

P
A

 to determ
ine the im

pact from
 industry and the roads and to establish w

hether the em
issions 

resulted in air pollution ‘hot spots’ in M
ount G

am
bier.  As such the data does not conform

 to the 
A

ustralian S
tandard for the placem

ent of background m
onitors required for com

pliance w
ith N

E
P

M
, 

and U
R

S
 does not, therefore, consider these results to be representative of background air quality 

surrounding the site. 

2.3.3 
B

ackground A
ir Q

uality U
sed for A

ssessm
ent 

M
onitoring undertaken in W

arrnam
bool by E

P
A

 does not provide data on species likely to be em
itted 

from
 the proposed pow

er station, and data collected by the S
outh Australian E

P
A

 in M
ount G

am
bier is 

not considered to be representative of the project site. 

In these circum
stances, E

P
A

 recom
m

ends the use of the 70
th percentile of available m

onitored data 
and provides a table of appropriate background levels for proponents to use in dispersion m

odelling.  
U

R
S

 has used the background data, provided by E
P

A, from
 areas w

here data exists and is likely to be 
representative.  It should be noted that this m

onitoring is based on an area w
ith a higher residential 

population and a higher num
ber of vehicle m

ovem
ents, than the proposed site.  The background 

concentrations used in this assessm
ent are therefore considered to be higher than expected for the 

project site and are therefore conservative.  Table 2-1 show
s the background concentration used in 

this assessm
ent for each species, the source of the data and a com

m
ent on the appropriateness of 

the selection. 

Table 2-1 
B

ackground concentrations for com
m

on species provided by EPA
 as representative 

background values 

S
pecies

B
ackground

C
oncentration 

( �g/m
3)

Location of 
B

ackground
M

easurem
ent

C
om

m
ent

N
O

2  
11.3 

P
oint C

ook 
S

uburban area w
ith little industrial activity or residential 

population at the tim
e of m

onitoring (2000).  C
onsidered 

representative. 

P
M

2.5  
7.5 

B
righton 

U
rban area w

ith high residential population.  Large 
num

ber of vehicle m
ovem

ents.  C
onsidered likely to be 

conservative com
pared to m

odelled area. 

C
O

 
229 

G
eelong 

Low
 density residential surrounding m

onitoring point at 
tim

e of m
onitoring (2000).  C

onsidered representative. 
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S
pecies

B
ackground

C
oncentration 

( �g/m
3)

Location of 
B

ackground
M

easurem
ent

C
om

m
ent

S
O

2  
0 

G
eelong 

Low
 density residential surrounding m

onitoring point at 
tim

e of m
onitoring (2000).  C

onsidered representative. 

2.4 
O

ther Sources 
The region is m

ainly rural in nature w
ith local industrial areas in and around the larger tow

ns of 
P

ortland and W
arrnam

bool (approxim
ately 50km

 and 30km
 from

 the subject site respectively).  
E

m
issions from

 these industrial areas w
ould not be expected to contribute significantly to local 

am
bient air quality surrounding the project site. 

The m
ain roads in the local area are infrequently trafficked and not expected to result in significant 

contribution to local air quality.  Im
pacts from

 the local road netw
ork have not been considered as part 

of this assessm
ent. 

U
R

S is aw
are that S

haw
 R

iver Pow
er S

tation P
ty Ltd (S

haw
 R

iver P
ow

er) proposes the construction 
of a base load pow

er station in reasonably close proxim
ity to the proposed A

G
L site at Tarrone.  U

R
S 

has used the data contained in S
haw

 R
iver Pow

er’s E
nvironm

ent E
ffects S

tatem
ent (E

E
S

) for the 
S

haw
 R

iver facility to undertake a cum
ulative im

pact assessm
ent. 
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3C
riteria

3.1 
R

egulatory Fram
ew

ork 
This section discusses the regulatory fram

ew
ork for m

anaging air quality in V
ictoria.  O

nly species that 
w

ill be em
itted to atm

osphere from
 the peak load pow

er station under norm
al operations are 

considered. 

3.2 
N

ational Environm
ental Protection M

easure (A
m

bient A
ir 

Q
uality)

The
N

ational E
nvironm

ent P
rotection (Am

bient A
ir Q

uality) M
easure (A

m
bient A

ir N
E

P
M

) provides the 
goals for am

bient air quality that need to be achieved nationw
ide.  Table 3-1 provides the Am

bient A
ir 

N
E

P
M

 goals for key air quality indicators relevant to the project.  The N
E

P
M

 standards are intended to 
be applied at m

onitoring locations that represent air quality for a region or sub-region of m
ore than 

25,000 people.  The A
m

bient A
ir N

E
P

M
 w

as released in 1998 and am
ended in 2003

1.

Table 3-1 
N

EPM
 (A

m
bient Air Q

uality) 2003, C
lause 7 – Schedule 2 of A

m
bient A

ir N
EPM

 

A
ir Q

uality S
tandard 

P
ollutant

A
veraging
T

im
e

ppm
 

µg/m
3

G
oal w

ithin 10 
years – M

axim
um

 
A

llow
able

E
xceedances 

C
arbon M

onoxide (C
O

) 
8-hour 

9 
10,300 

1 day a year 
1-hour 

0.12 
226 

1 day a year 
N

itrogen D
ioxide (N

O
2 )

1-year 
0.03 

56 
none 

1-hour 
0.20 

523 
1 day a year 

1-day 
0.08 

209 
1 day a year 

S
ulphur D

ioxide (S
O

2 )

1-year 
0.02 

52 
none 

N
ote: C

oncentrations in �g/m
3 are converted from

 ppm
 at 25�C

 and 1 atm
osphere 

3.3 
State Environm

ent Protection Policies 
The S

tate E
nvironm

ent P
rotection P

olicies (S
E

P
P

s) provide the fram
ew

ork for the protection of the 
environm

ent in V
ictoria and have been enacted under S

ections 16(1) and 16(2) of the E
nvironm

ent 
P

rotection A
ct 1970 (V

ic).  For air quality, tw
o S

E
P

P
s exist, including the S

tate Environm
ent Protection 

P
olicy for A

m
bient A

ir Q
uality (S

E
P

P
 (A

A
Q

)) and the S
tate E

nvironm
ent P

rotection P
olicy for

A
ir

Q
uality M

anagem
ent (S

E
P

P
 (A

Q
M

)). 

3.3.1 
SEPP(A

A
Q

) 
For com

m
on pollutants w

ithin the atm
osphere such as nitrogen dioxide (N

O
2 ), particulate m

atter 
(P

M
10 ), carbon m

onoxide (C
O

) and lead (P
b) generated by the com

bustion of fossil fuels or w
ood, the 

S
E

P
P

 (A
A

Q
) is the prevalent applicable S

E
P

P
.  The m

ain aim
 of the policy is com

pliance w
ith 

A
m

bient A
ir Q

uality N
E

P
M

, and as such it contains standards that are considered to apply to 
m

onitoring data and concentrations m
odelled over an airshed rather than being applicable to local air 

quality standards. 

W
ith regards to the protection of local air quality, the prevalent S

E
P

P
 is the S

E
P

P
 (A

Q
M

). 
                                                     
1 N

ational E
nvironm

ental P
rotection C

ouncil, N
ational E

nvironm
ent P

rotection M
easure for A

m
bient A

ir Q
uality, 1988, w

ith 
am

endm
ent in 2003 
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3.3.2 
SEPP(A

Q
M

) 
The S

E
P

P
(AQ

M
) is the instrum

ent w
hich the S

tate G
overnm

ent uses to achieve the Am
bient A

ir 
Q

uality S
E

P
P

 G
oals.  The S

E
P

P
(A

Q
M

) provides design criteria for ground level concentrations w
hich 

new
 or m

odified industrial sources m
ust attain in order to com

ply w
ith the P

olicy and the E
nvironm

ent 
P

rotection A
ct 1970 (V

ic). 

It is the policy intent of the S
E

P
P

(A
Q

M
) to m

anage the em
issions to the air environm

ent so that: 

the beneficial uses of the air environm
ent are protected, V

ictoria’s air quality goals 
and objectives are m

et, our air quality continues to im
prove and w

e achieve the 
cleanest air possible, having regard to the S

tate’s social and econom
ic developm

ent. 

The protected beneficial uses of the air environm
ent are defined as protection of the follow

ing: 

�
Life, health and w

ell-being of hum
ans; 

�
Life, health and w

ell-being of other form
s of life, including the protection of ecosystem

s and 
biodiversity;

�
Local am

enity and aesthetic enjoym
ent; 

�
V

isibility;
�

The useful life and aesthetic appearance of buildings, structures, property and m
aterials; and 

�
C

lim
ate system

s that are consistent w
ith hum

an developm
ent, the life, health and w

ell-being of 
hum

ans, and the protection of ecosystem
s and biodiversity. 

The S
E

P
P

(A
Q

M
) defines design criteria (S

chedule A
) that are to be used in assessing the im

pact for 
new

 or m
odified sources on ground level concentrations of em

itted species.  Table 3-2 show
s design 

criteria relevant to em
issions from

 the proposed peak load pow
er station. 

E
m

issions of substances have been identified through turbine m
anufacture data (for N

O
x  inclusive of 

D
LN

 control technology) and U
S

-E
P

A em
issions database A

P-42 based on no control technology 
being used. 

In addition to assessing ground level concentrations, the S
E

P
P

(A
Q

M
) defines ‘in stack’ concentrations 

that are to be used in assessing a new
 or m

odified source in locations outside of A
ir Q

uality C
ontrol 

R
egions (S

chedule D
).  N

ote: C
oncentrations in �g/m

3 are converted from
 ppm

 at 25�C
 and 1 atm

osphere 

Table 3-3 show
s the criteria, relevant to em

issions from
 the proposed peak load pow

er station. 
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Table 3-2 
SEPP (A

Q
M

) design criteria for relevant em
itted substances 

D
esign C

riteria 
S

ubstance
A

veraging
P

eriod
ppm

�g/m
3

N
itrogen dioxide 

1-hour 
0.1 

190 
C

arbon m
onoxide 

1-hour 
25 

29,000 
Sulphur dioxide 

1-hour 
0.17 

450 
P

articles as P
M

10  
1-hour 

- 
80 

P
articles as P

M
2.5  

1-hour 
- 

50 
Am

m
onia 

3-m
inute 

0.83
600

Form
aldehyde 

3-m
inute 

0.033 
40 

Xylenes 
3-m

inute 
0.08

350
Acetaldehyde 

3-m
inute 

0.042 
76 

Acrolein 
3-m

inute 
0.00033 

0.77
Am

m
onia 

3-m
inute 

0.83
600

Benzene 
3-m

inute 
0.017

53
E

thylbenzene 
3-m

inute 
3.3 

14,500 
P

olycyclic arom
atic 

hydrocarbons (P
A

H
) as B

aP
 

3-m
inute 

- 
0.73 

Toluene 
3-m

inute 
0.17

650

N
ote: C

oncentrations in �g/m
3 are converted from

 ppm
 at 25�C

 and 1 atm
osphere 

Table 3-3 
SEPP(A

Q
M

) Em
ission lim

its for stationary sources in Victoria 

S
ubstance

S
ource to w

hich em
ission lim

it is 
applicable

E
m

ission
Lim

it
(g/m

3)

N
itrogen dioxide 

Fuel burning units (other than internal 
com

bustion engines and glass 
m

anufacturing plants) w
ith m

axim
um

 heat 
input rate greater than 150,000 M

J/hr 

1.0

Total particulate m
atter 

A
ll stationary sources 

0.5

3.4 
O

ccupational H
ealth and Safety 

S
chedule C

, P
art C

, S
ection 2(b) of the S

E
P

P
(A

Q
M

) states that: 

D
esign criteria for air quality indicators based on toxicity apply everyw

here, except 
inside buildings.  In cases w

here the design criteria can only be m
et beyond the 

property boundary, advice should be sought from
 the A

uthority in the assessm
ent of 

the m
odel sim

ulation. 

The intent of the S
E

P
P

(A
Q

M
) as stated in P

art 1 (8) is that: 

E
m

issions to the air environm
ent w

ill be m
anaged so that beneficial uses of the air 

environm
ent are protected…
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G
iven the intent of the S

E
P

P
(A

Q
M

), it is traditionally accepted by E
P

A
 that beneficial uses of the air 

environm
ent are protected w

ithin the site boundary as long as am
bient concentrations com

ply w
ith 

exposure standards considered to represent a safe w
orkplace as determ

ined by S
afe W

ork A
ustralia. 

Table 3-4 show
s am

bient concentrations expressed as a Tim
e W

eighted A
verage (TW

A
) and S

hort 
Term

 E
xposure Lim

it (S
TE

L) obtained from
 the S

afe W
ork A

ustralia w
ebsite (S

afe W
ork A

ustralia, 
2010).  S

afe W
ork A

ustralia specifies the TW
A

 as an eight hour average for a five day w
orking w

eek 
and the S

TEL as a fifteen m
inute average of peak concentration (N

ational O
ccupational H

ealth and 
S

afety C
om

m
ission. W

orksafe A
ustralia, 2001), 

Table 3-4 
TW

A
 and STEL exposure concentrations as specified by Safe W

ork A
ustralia adapted from

 
the H

azardous Substances Inform
ation System

 (Safe W
ork A

ustralia, 2010) 

T
W

A
 

S
T

E
L  

S
ubstance

ppm
�g/m

3 
ppm

 
�g/m

3

N
itrogen dioxide 

3
5,600 

5 
9,400

C
arbon m

onoxide 
30 

34,000 
N

/A
 

N
/A

 
Sulphur dioxide 

2
5,200 

5 
13,000 

Am
m

onia 
25 

17,000 
35

24,000 
Form

aldehyde 
1 

1,200 
2 

2,500 
Xylenes 

80 
350,000 

150
655,000 

Acetaldehyde 
20 

36,000 
50 

91,000 
Acrolein 

0.1 
230

0.3
690

Am
m

onia 
25 

17,000 
35

24,000 
B

enzene 
1 

3,200 
N

/A
N

/A
Ethylbenzene 

100 
434,000 

125 
543,000 

P
olycyclic arom

atic 
hydrocarbons (P

A
H

) as B
aP

 
N

/A
 

N
/A

 
N

/A
 

N
/A

 

Toluene 
50 

191,000 
150

574,000 

N
ote: C

oncentrations in �g/m
3 are converted from

 ppm
 at 25�C

 and 1 atm
osphere 

The concentrations specified in Table 3-4 are considered only to apply to on-site locations as w
orkers 

in this location are likely to be exposed for the relevant averaging periods on w
hich the criteria are 

based.  For all other locations, the S
E

P
P

(A
Q

M
) design criteria have been used. 
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4M
ethodology 

4.1 
C

hoice of M
odel 

C
A

LP
U

FF V
ersion 6.263 w

as used as the atm
ospheric dispersion m

odel for the assessm
ent of the 

proposed A
G

L P
ow

er P
lant at Tarrone in preference to the regulatory m

odel, A
usplum

e V
ersion 6. 

P
ursuant to S

chedule C
 P

art A
 of the S

E
P

P
 (A

Q
M

), U
R

S
 requested that the EP

A
 approve the use of 

C
A

LP
U

FF V
ersion 6.263 in preference to the regulatory m

odel on 19 January 2010 and received 
w

ritten approval for the use of C
A

LP
U

FF on 16 June 2010. 

The preference to use C
ALP

U
FF rather than A

usplum
e for this particular assessm

ent w
as due to: 

�
the potential for sea breeze influences on plum

e behaviour; and  
�

the ability of C
A

LP
U

FF to m
odel sub-hourly em

issions, w
hich is a m

ore accurate representation of 
the im

pacts from
 startup of the peak loading pow

er plant.  

4.1.1 
Influence of Sea B

reeze C
irculation 

Local m
eteorology w

as likely to be affected by sea breeze circulation at the proposed site location for 
the A

G
L pow

er plant at Tarrone.  U
R

S
 considered it im

portant that sea breezes be taken into account 
w

ithin the m
odelling assessm

ent due to the potential for stack em
issions to be transported out to sea 

in the m
orning and returned to areas over the land in the afternoon.  U

R
S believe A

usplum
e w

ould 
have been unable to account for this circulation, as the m

odel is based on G
aussian dispersion of 

em
issions for each hour independently.  A

s a puff m
odel, C

A
LP

U
FF w

as able to track the em
issions 

as puffs w
ithin the grid dom

ain, m
eaning that a m

ore accurate m
odel result w

as determ
ined w

here 
recirculation of air occurred. 

4.1.2 
Sub-hourly M

odelling 
P

eak loading pow
er plants do not operate continuously, and there are a num

ber of startup conditions 
of the plant throughout the year.  D

uring startup, w
hich usually takes approxim

ately 30 m
inutes to full 

load, em
issions of species, exit tem

perature and discharge velocity vary significantly.  The use of sub-
hourly m

odelling allow
s a m

ore accurate approach to assessing the im
pact of start-up conditions than 

the use of A
usplum

e w
hich, like m

ost dispersion m
odels, allow

s one condition per hour to be 
m

odelled.  The use of C
ALP

U
FF w

ith sub-hourly m
odelling therefore affords m

ore confidence in the 
m

odelled ground level concentrations for start up conditions com
pared to a single hourly condition 

using C
A

LPU
FF. 

4.2 
M

eteorological D
ata 

M
eteorological data w

as prepared for the dispersion m
odelling using C

A
LM

E
T.  C

A
LM

E
T is a 

m
eteorological pre-processor for the C

A
LP

U
FF dispersion m

odel that is able to take account of 
surface and upper air observations across a m

odel dom
ain and, using topographic and land use data, 

derive three dim
ensional m

eteorology across a m
odel grid.  The output from

 C
A

LM
E

T is then used in 
the dispersion m

odelling. 

C
A

LM
E

T requires several datasets in order to resolve the surface and upper air m
eteorology 

occurring for each hour of the year: 

�
S

urface observations; 

—
W

ind speed and direction; 
—

Tem
perature; 

—
C

loud cover am
ount; 
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—
P

recipitation am
ount and type; and 

—
B

ase cloud height. 

�
U

pper air observations; 

—
H

eight of observation; 
—

W
ind speed and direction at each height; 

—
Tem

perature at each height; and 
—

B
arom

etric pressure at each height. 

�
Land use data; and 

�
Topographic data. 

4.2.1 
O

bservational D
ata 

O
bservational data in the area surrounding the project site w

as available from
: 

�
M

ortlake R
acecourse (surface); 

�
P

ortland (surface); 
�

W
arrnam

bool (surface); and 
�

M
ount G

am
bier (surface and upper air). 

4.2.2 
Land U

se 
In addition to topographic inform

ation, C
A

LM
E

T also requires land use inform
ation in order to estim

ate 
surface roughness over the grid.  Land use inform

ation w
as obtained from

 version 2.0 of the A
ustralia 

P
acific Land C

over C
haracteristics D

atabase available from
 the U

nited S
tates G

eological Survey that 
provides land use data at a 1km

 resolution. 

Land use inform
ation for the m

odel grid w
as extracted from

 the Land C
over C

haracteristics D
atabase 

using a G
eographic Inform

ation S
ystem

.  This inform
ation w

as then translated to C
A

LM
E

T form
at 

using a m
acro in E

xcel. 

4.2.3 
Topography 

M
eteorological m

odelling using C
A

LM
E

T requires topographic inform
ation for the m

odel dom
ain.  

Topographic inform
ation w

as taken from
 data available from

 the S
huttle R

ay Topography M
ission 

(S
R

TM
) that provides topographic data at a spatial resolution of 90m

 for the entire surface of the 
E

arth.  Topographic inform
ation for the m

odel grid w
as extracted for the SR

TM
 dataset using a 

G
eographic Inform

ation S
ystem

.  This inform
ation w

as then translated to C
A

LM
E

T form
at using a 

m
acro in E

xcel. 

4.2.4 
M

odel D
om

ain 
The area surrounding Tarrone, w

hich the observational data covers, form
s a dom

ain of approxim
ately 

180 km
 by 120 km

.  The use of a dom
ain this size w

ould result in the use of a coarse grid resolution of 
approxim

ately 5 km
 to allow

 the m
odel to run efficiently.  A

 grid resolution of 5 km
 has the potential to 

m
iss sm

aller terrain features that m
ay have an effect on local m

eteorology.   

To avoid the use of a coarse grid resolution in the final m
odelling, observational data w

as included in 
the C

A
LM

E
T m

eteorological run using a coarse grid of resolution 5km
 over the extent of the 

m
onitoring locations.   
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A
 second C

A
LM

E
T run w

as then used for a finer resolution grid (500m
) to define the m

odel dom
ain.  

The output from
 the first C

A
LM

E
T run form

ed the initial w
ind fields for the final finer resolution m

odel 
grid.  This had the effect of using the observational data and taking account of large terrain features / 
land use to define a regional scale m

eteorological m
odel.  The regional m

eteorological m
odel w

as 
then used to define the base conditions for a m

icro-m
eteorological m

odel used in the dispersion 
m

odelling. Figure 1 in A
ppendix A

 show
s the extent of the tw

o m
odelling dom

ains. 

4.2.5 
Verification of M

eteorological M
odelling 

V
erification of representativeness of the m

eteorological m
odelling w

as undertaken by com
paring 

m
odel output w

ith observational data for w
ind speed / and direction and calculated stability categories 

for the nearest B
ureau of M

eteorology observation station  

W
ind Speed and D

irection 
Figure 4-1 show

s a com
parison of m

easured w
ind speed and direction at W

arrnam
bool A

irport w
ith 

the sam
e param

eters produced by the C
A

LM
E

T for the site. 

Figure 4-1 
M

easured w
ind speed / direction at W

arrnam
bool A

irport (Left) com
pared to m

odelled w
ind 

speed / direction for the Site using C
A

LM
ET (R

ight) 

NO
RTH

SO
UTH

W
EST

EA
ST

2%

4%

6%

8%

10%

W
IND

SPEED
(m

/s)

>=
11.1

8.8
-11.1

5.7
-

8.8

3.6
-

5.7

1.0
-

3.6

0.5
-

1.0

C
alm

s:1.53%

NO
RTH

SO
UTH

W
EST

EA
ST

2%

4%

6%

8%

10%

W
IND

SPEED
(m

/s)

>=
11.1

8.8
-11.1

5.7
-

8.8

3.6
-

5.7

1.0
-

3.6

0.5
-

1.0

C
alm

s:0.40%

A
 com

parison of the w
ind roses show

n in Figure 4-1 concluded that there w
as lim

ited variation 
betw

een the w
ind speed and direction observed at W

arrnam
bool airport and the expected w

ind 
param

eters at the site.  A
s the terrain betw

een W
arrnam

bool and the site is relatively flat, this 
indicates a high degree of confidence in C

A
LM

E
T’s ability to reflect m

eteorological conditions on site. 

Stability C
ategories 

P
asquil stability classes define w

hether there is turbulence in the low
er atm

osphere that is likely to 
affect dispersion.  Turbulence in the low

er atm
osphere is affected by w

ind speed, land use type and 
degree of solar insolation.   
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A
tm

ospheric stability classes w
ere estim

ated from
 m

easured data at W
arnam

bool airport and M
ount 

G
am

bier using Table 4-1.  W
here potential for tw

o stability classes exist, the m
ore stable of the tw

o 
classes w

as selected.   

Table 4-1 
Pasquil stability class related to w

ind speed and insolation
2

W
ind S

peed 
D

aytim
e Insolation 

N
ight-tim

e C
loud C

over 

m
/s 

Strong 
M

oderate 
Light 

> 4/8 
<3/8 

<2 
A

 
A

-B
 

B
 

- 
- 

2-3 
A

-B
 

B
 

C
 

E
 

F 
3-5 

B
 

B
-C

 
C

 
D

 
E

 
5-6 

C
 

C
-D

 
D

 
D

 
D

 
>6 

C
 

D
 

D
 

D
 

D
 

The strength of daytim
e insolation w

as calculated using the B
ird M

odel, w
ith diffuse insolation incident 

on a horizontal surface
3.  C

loud cover from
 M

ount G
am

bier w
as used to reduce the insolation value 

estim
ated by the B

ird M
odel using E

quation 4-1.   

Equation 4-1  
C

alculation of Solar radiation reaching the Earth surface, taking in to account cloud 
cover 

�
�
	 	
 �

� � �
	 	
 �

� � �
�

�	
 �
� �

�
�

�
�

SN
A

C
S

S
C

0019
.0

10
62
.0

1
0

W
here: 

S
C  is the solar radiation reaching the ground after cloud (W

atts/m
2/sec) 

S
0  is the solar radiation reaching the ground w

ithout cloud (W
atts/m

2/sec) 
C

 is the cloud cover (in tenths) 
S

N
A

 is the S
olar N

oon A
ttitude obtained from

 the N
ational O

ceanographic and A
tm

ospheric 
A

dm
inistration (N

O
A

A
) (R

adians) 

The strength of daytim
e insolation w

as defined as: 

�
S

trong > 143 cal/m
2/sec; 

�
M

oderate 72-143 cal/m
2/sec; and 

�
S

light < 72 cal/m
2/sec. 

Figure 4-2 show
s a com

parison of the percentages of the atm
ospheric stability classes calculated by 

C
A

LM
E

T.  The results show
 good agreem

ent betw
een the m

odelled data and estim
ations based on 

observations, indicating that the m
odel provides a good representation of atm

ospheric stability at the 
site. 

                                                     
2 B

eychock, M
.R

., 2005. ‘Fundam
entals of S

tack G
as D

ispersion’, B
eychock. 

3 S
olar R

adiation C
alculator available online at http://w

w
w

.ecy.w
a.gov/program

s/eap/m
odels.htm

l last accessed 29/3/10 
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Figure 4-2 
C

om
parison of m

odelled (top) and calculated from
 m

easurem
ents (bottom

) Pasquil Stability 
categories 
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The C
A

LM
E

T m
odel provides a slightly higher distribution of D

 class stability categories than C
 class 

in com
parison to the calculated values using the m

easured data.  M
ore stable categories (D

 to F) w
ill 

result in less dispersion and higher ground level concentrations than m
ore unstable categories (A

 to 
C

), w
hich tend to result in better m

ixing of em
issions in the atm

osphere.  The m
odelled distribution of 

stability categories therefore presents a conservative assessm
ent of im

pact. 
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4.3 
R

epresentativeness of M
odelled Engines 

The pow
er station is proposed to be developed in tw

o stages, w
ith the initial stage com

prising either 
tw

o or three E
-C

lass or tw
o F-C

lass generators. Tw
o plant configurations are considered for the 

proposed ultim
ate Tarrone pow

er station configuration com
prising of either four E

 class turbines or 
three F class turbines operating in open cycle m

odel. A
t this stage in the design process, the final 

choice of engine m
anufacturer has not been determ

ined how
ever five prospective m

anufacturers are 
being considered (Table 4-2). In order to provide flexibility in the final choice of supplier, U

R
S

 has 
considered the local air quality im

pact from
 the use of tw

o engines representing typical em
issions and 

im
pacts resulting from

 the use of E
-C

lass and F-C
lass engines. The tw

o proposed site designs 
considered for this assessm

ent are
4:

�
A

lstom
 A

E
13E

2 – E
-C

lass (G
eneration capacity 167 M

W
 per engine); and 

�
G

E
 9FA

 – F-C
lass (G

eneration capacity 256 M
W

 per engine). 

Table 4-2 
Potential generator m

anufacturers and m
odels 

G
enerator
C

lass
E

 C
lass 

F C
lass 

M
anufacturer 

M
odel 

P
ow

er O
utput 

(M
W

/unit)
M

odel
P

ow
er O

utput 

(M
W

/unit)

Siem
ens 

SG
T5-2000E 

168 
SG

T5-4000F 
292 

G
E 

9E 
126 

9FA 
256 

Ansaldo 
V94.2 

170 
V94.3 

294 
Alstom

 
AE

13E
2 

167 
 

 
M

itsubishi 
 

 
M

701F4 
307 

A
n analysis of the representativeness of the engines m

odelled, relative to the range of potential 
generator m

anufacturers and m
odels nom

inated in Table 4-2, w
as undertaken w

ith respect to potential 
ground level concentrations of N

O
2  (Appendix B

).  It w
as determ

ined that w
hilst there is potential for 

ground level concentrations to be m
arginally higher than m

odelled (up to 1.3%
 for E

 class engines and 
7.3%

 for F C
lass engines), relative to those m

odelled in this assessm
ent. It is concluded how

ever that 
the assessm

ent conducted is adequate to confirm
 that the nom

inated beneficial uses of the air 
environm

ent w
ill be protected given that: 

�
C

oncentrations determ
ined by the dispersion m

odelling, undertaken for this assessm
ent, are 

significantly below
 criteria (S

ection 5.1); and 
�

The assessm
ent conservatively assum

es all N
O

X  is N
O

2  (S
ection 4.8). 

4.4 
Em

ission R
ate Estim

ation 
E

m
ission estim

ation for the proposed pow
er plant w

as com
pleted using m

anufacturer data, and, 
w

here m
anufacturer data w

as unavailable, em
ission estim

ation w
as com

pleted using techniques 
provided in the N

ational P
ollutant Inventory (N

P
I) and the U

S
EP

A
 em

ission estim
ation technique 

m
anual A

P
-42. 

                                                     
4 The tw

o site designs assessed w
ere provided to U

R
S

 by A
G

L. 
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4.4.1 
A

G
L Start-U

p Em
issions 

S
tart up em

issions for a peak loading pow
er plant have potentially higher m

ass rates for a short 
durations due to low

er efficiency of the engine during these conditions.  It w
as found that the only 

species w
ith a higher m

ass rate during start up than during norm
al operation is oxides of nitrogen 

(N
O

X ).  S
tart-up em

issions for N
O

X  w
ere therefore calculated for both engines. 

C
A

LP
U

FF allow
s the use of sub-hourly m

eteorological data, m
eaning that tim

e varying em
issions for 

the sam
e tim

e period can be used to determ
ine the potential ground level im

pacts due to start-up 
conditions.

E
m

issions of N
O

X  during start up have been calculated for each engine type.  D
ue to the different type 

of inform
ation provided by each m

anufacturer the m
ethod of calculation for start up N

O
X  em

issions 
w

as varied slightly w
ith each engine. 

A
lstom

 13E2 
S

tart-up conditions for the A
lstom

 13E
2 engines w

ere based on start-up curves provided by the 
m

anufacturer that provided: 

�
M

ass flow
 rate of stack em

issions as a percentage of base load; 
�

D
ata on total em

issions of N
O

X  over the start-up period (49 kg); and 
�

V
ariation in stack exit tem

perature. 

In addition, an assum
ed gas density of 28.26g/m

ol, the sam
e as provided by G

E
, w

as used w
ith 

variation in m
ass flow

 rate and the stack diam
eter to calculate the variation in velocity. 

Figure 4-3 show
s the tim

e varying em
ission estim

ates included in the dispersion m
odelling for each 

hour to sim
ulate start up in that hour. 

Figure 4-3 
Variation of stack exit tem

perature, N
O

X  em
issions and exit velocity during the start-up hour 

for the Alstom
 13E2 engines 
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G
E 9FA

 
S

tart-up conditions for the G
E

 9FA engines w
ere based on start-up curves provided by the 

m
anufacturer provide that: 

�
P

ercent load during start-up; 
�

E
xhaust m

ass as a percentage of base load; 
�

N
O

X  em
issions in relation to percentage load operation of the turbine; and 

�
C

hange of tem
perature over the start-up period. 

In addition, a gas density of 28.26g/m
ol, provided by G

E
, w

as used w
ith variation in m

ass flow
 rate 

and the stack diam
eter to calculate the variation in velocity. 

Figure 4-4 show
s the tim

e varying em
ission estim

ates included in the dispersion m
odelling for each 

hour to sim
ulate start up in that hour. 

Figure 4-4 
Variation of stack exit tem

perature, N
O

X  em
issions and exit velocity during start-up hour of 

the G
E 9FA

 engines 
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4.4.2 
A

G
L B

ase Load 
E

m
issions during norm

al operations have been calculated using a com
bination of data received from

 
the m

anufacturers, N
P

I and A
P

-42 em
ission estim

ation techniques and this is show
n in Table 4-3. 
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Table 4-3 
M

odelled em
ission rates for A

lstom
 13E2 and G

E 9FA
 engines (g/s) 

S
pecies

A
lstom

 13E
2 (M

) 
(g/s) 

G
E

 9FA
 (P

G
9351)

(g/s) 
N

O
X

1 
20.86 

30.62 
S

O
2

2 
1.17 

2.23 
C

O
3 

2.56 
9.14 

P
M

2.5
2 

3.00 
2.14 

Benzene 3 
0.003 

0.005 
Toluene 3 

0.03 
0.05 

E
thylbenzene 3 

0.01 
0.01 

X
ylene 3 

0.01 
0.03 

Form
aldehyde 3 

0.15 
0.29 

Total P
A

H
 3 

0.0004 
0.0008 

N
otes:

1. S
ourced from

 m
anufacturers data. P

rovided to U
R

S
 by A

G
L. 

2. S
ourced from

 N
P

I em
ission factors. 

3. S
ourced from

 A
P

-42 em
ission factors. 

4.4.3 
Shaw

 R
iver Pow

er Station 
In order to account for cum

ulative effects from
 the S

haw
 R

iver project, U
R

S
 has m

odelled em
issions 

from
 the S

haw
 R

iver P
ow

er S
tation based on data provided in the E

E
S

 for N
O

X  and C
O

 (Table 4-4) in 
com

bination w
ith em

issions of the sam
e species from

 the proposed A
G

L facility. 

The S
haw

 R
iver E

E
S

 proposes the construction of one open cycle and tw
o closed cycle turbines in a 

phased construction process.  It is intended that once the tw
o closed cycle turbines have been 

constructed that the open cycle turbine m
ay be converted to closed cycle. 

D
ispersion m

odelling of the various developm
ent phases of the S

haw
 R

iver P
ow

er S
tation show

ed 
that w

orst case ground level concentrations w
ere obtained during operation of three closed cycle 

turbines operating at base load.  This is likely the result of low
er tem

perature exhaust gases (from
 

closed cycle turbines com
pared to open cycle), w

hich w
ill result in less plum

e rise, and consequently 
higher ground level concentrations. 

U
R

S
 has therefore adopted the em

ission rates and stack param
eters associated w

ith the operation of 
three closed cycle turbines, as this provides the m

ost conservative assessm
ent of cum

ulative im
pact. 

It should be noted, that the results for N
O

2  presented in the S
haw

 R
iver E

E
S

 adopt a conversion factor 
of 0.3 to estim

ate N
O

2  from
 m

odelled N
O

X  concentrations.  This Tarrone Pow
er S

tation assessm
ent 

has conservatively assum
ed that all N

O
X  is N

O
2  for the S

haw
 R

iver em
issions. 
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Table 4-4 
Em

issions of N
O

X  and C
O

 from
 the proposed Shaw

 R
iver D

evelopm
ent (Shaw

 R
iver EES) 

S
pecies

S
G

T
5-4000F 

(g/sec/turbine) 
N

O
X

30.6
C

O
 

7.5 

4.5 
In Stack C

oncentrations 
S

chedule D
 of the S

E
P

P
(A

Q
M

) requires assessm
ent of in stack concentration against criteria for the 

follow
ing species likely to be em

itted from
 A

G
L Tarrone: 

�
O

xides of N
itrogen; and 

�
P

articulate m
atter. 

In stack concentrations have been calculated using E
quation 4-2. 

Equation 4-2  
C

alculation of in stack concentration 

V M
C

S S
S

�

W
here: 

S
C  is the in stack concentration (g/m

3)
S

M  is the m
ass flow

 rate of the species (g/sec) 
S

V  is the volum
etric flow

 of exhaust gases (m
3/sec)

A
s the proposed peak loading pow

er station is pow
ered by gas, any particulate m

atter released w
ill be 

of size 2.5�m
 in aerodynam

ic diam
eter or less.  C

onsequently em
ission estim

ates of P
M

2.5  are 
considered equivalent to em

issions of total particulate m
atter. 

4.6 
C

A
LPU

FF Setup 
The follow

ing settings w
ere used in the C

A
LP

U
FF setup: 

�
G

rid of 81 X
 79 points at 500m

 resolution w
ith the south-w

est corner at 583000, 5754000 (AM
G

); 
�

W
ind speed profile – IS

C
 R

ural; 
�

S
tack tip dow

nw
ash; 

�
P

artial plum
e penetration; 

�
B

uilding w
ake effects; 

�
P

artial plum
e adjustm

ent for terrain effects; 
�

C
hem

ical transform
ation w

as not included; and 
�

D
eposition w

as not included; 

4.6.1 
Stack Tip D

ow
nw

ash 
S

tack tip dow
nw

ash w
as included as this can potentially result in high ground level concentrations 

w
here the w

ind is strong enough to ground plum
es. 

The em
itted plum

es from
 both the A

G
L and S

haw
 R

iver facilities are very hot and therefore buoyant, 
w

ith a high velocity the potential for partial plum
e penetration of the boundary layer w

hen the layer is 
close to the ground exists.  It is therefore considered necessary to include partial plum

e penetration in 
the m

odelling. 
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4.6.2 
B

uilding W
ake Effects 

B
uilding w

ake effects have the potential to increase ground level concentrations w
hen a plum

e 
becom

es trapped in the recirculation zone generated by air flow
 over a building.  P

otential building 
w

ake effects w
ere incorporated in the C

A
LP

U
FF m

odelling by using output from
 the B

P
IP

 m
odule of 

A
usplum

e for the buildings at the A
G

L Tarrone site and the building dow
nw

ash param
eters included in 

the A
usplum

e list files for the S
haw

 R
iver facility. 

4.6.3 
Partial Plum

e A
djustm

ent 
P

artial plum
e adjustm

ent w
as included for any terrain effects.  There is, how

ever, no significant terrain 
in the m

odel dom
ain, and the use of partial plum

e adjustm
ent is considered unlikely to result in a 

change to predicted concentrations had adjustm
ent of the plum

e not been considered.  

4.6.4 
C

hem
ical Transform

ation 
N

ote that chem
ical transform

ation and deposition w
ere not m

odelled, as this provides a conservative 
assessm

ent of potential im
pacts. 

4.6.5 
Source D

escription 
Table 4-5 show

s the stack param
eters used in conjunction w

ith the em
ission estim

ates to define the 
sources w

ithin C
A

LPU
FF for steady state conditions.  S

tart-up conditions w
ere m

odelled using the 
sam

e stack heights and diam
eters as show

n in Table, but w
ith varying em

ission tem
peratures and 

velocities through the start up period as show
n in Figure 4-3 and Figure 4-4 respectively. 

Table 4-5 
Steady state source param

eters used in the dispersion m
odelling 

A
G

L T
arrone 

S
haw

 R
iver 

P
aram

eters 
A

lstom
 13E

2 
G

E
 9FA

 
S

G
T5 4000F 

S
tack H

eight (m
) 

30 
45 

50
S

tack diam
eter (m

) 
6 

6.7 
6.4

E
m

ission tem
perature (�C

)
532 

609 
99 

Em
ission velocity (m

/s) 
40 

45 
19.8

4.7 
C

um
ulative Im

pact A
ssessm

ent 
To account for potential im

pacts on local air quality from
 both the A

G
L Tarrone and the Shaw

 R
iver 

developm
ents, U

R
S

 has undertaken a cum
ulative assessm

ent to quantify ground level predictions 
resulting from

 operation of both developm
ents sim

ultaneously. 

G
iven the m

axim
um

 ground level concentrations are predicted to occur during steady state operation 
of both A

G
L Tarrone and S

haw
 R

iver facilities, the cum
ulative im

pact assessm
ent has considered 

operation of all generators at both facilities for every hour of the year.   

4.8 
C

alculation of N
itrogen D

ioxide 
D

uring the com
bustion process, nitrogen from

 the air and fuel com
bines w

ith oxygen in the air to form
 

nitrogen oxide (N
O

) and nitrogen dioxide (N
O

2 ) in the approxim
ate ratio 90%

 N
O

 to 10%
 N

O
2 .
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In the atm
osphere, N

O
2  is broken dow

n by sunlight to form
 N

O
 and an oxygen radical.  The oxygen 

radical is highly reactive and com
bines w

ith oxygen (O
2 ) to form

 ozone (O
3 ).  O

3  is unstable and 
readily com

bines w
ith N

O
 to form

 N
O

2  and O
2  (E

quation 4-3). 

It m
ay be seen from

 E
quation 4-3 that the reaction series is circular, as such N

O
 and N

O
2  are often 

com
bined and term

ed oxides of nitrogen (N
O

X ).

Equation 4-3  
Form

ation of Secondary N
O

2

2
2

3

3
2

)
430

295
(

2

O
N

O
O

N
O

O
O

O
O

N
O

N
O

M

nm
hv

�
�
�

�
�

�
�

�
�

�
��

�
�

�
�

�
�

�
�

�

W
here: 

N
O

2  is nitrogen dioxide 
N

O
 is nitrogen oxide 

O
� is an oxygen 

radical 
hv is light 

� is w
avelength 

O
2  is O

xygen 
M

 is any m
olecular 

form
O

3  is O
zone 

W
hilst N

O
 is innocuous at concentrations com

m
only found in the atm

osphere in urban areas and 
surrounding industrial facilities, concentrations of N

O
2  are know

n to have an effect on hum
an health at 

m
uch low

er levels.  A
m

bient criteria for N
O

2  have accordingly been set by E
P

A
. 

To account for potential conversion from
 N

O
 to N

O
2  total em

itted N
O

X  is traditionally m
odelled and, in 

the first instance, all N
O

X  is considered to be N
O

2 .  This is an over-estim
ation of the im

pacts, how
ever 

if predicted concentrations are determ
ined to be below

 criteria w
ith this over-estim

ation, the beneficial 
use of the atm

osphere is considered to be preserved. 

In this assessm
ent all em

issions of N
O

X , both from
 the A

G
L Tarrone and Shaw

 R
iver facilities are 

considered to be N
O

X  as N
O

2 .

4.9 
G

reenhouse G
as Em

issions 

4.9.1 
R

egulatory Fram
ew

ork for G
reenhouse G

as Em
issions 

State Environm
ent Protection Policy (A

ir Q
uality M

anagem
ent) 

The
S

tate E
nvironm

ent P
rotection P

olicy
for A

ir Q
uality M

anagem
ent states that generators of 

em
issions of greenhouse gases m

ust m
anage their em

issions in accordance w
ith the provisions of 

C
lause 18 and 19 of the S

E
P

P
 (A

Q
M

). A
ny protocols for environm

ental m
anagem

ent relating to 
greenhouse gas em

issions developed in accordance w
ith the S

E
PP

 (A
Q

M
) w

ill be consistent w
ith any 

m
easures developed by the G

overnm
ent of V

ictoria for the m
anagem

ent of greenhouse gases and 
energy efficiency. These protocols w

ill be applied to generators of em
issions subject to w

orks 
approvals and licenses, and in assessing the potential im

pacts of other developm
ent proposals. 

Environm
ent Protection (Environm

ent and R
esource Efficiency Plans) R

egulations 
2007
E

nvironm
ent and R

esource E
fficiency P

lans (ER
E

P) is an innovative regulatory program
 that helps 

V
ictorian businesses m

eet clim
ate change and resource scarcity challenges.  
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Through ER
E

P
, industry can realise the business opportunities presented by resource efficiency by 

im
plem

enting actions that achieve environm
ental benefits and direct cost savings in a short tim

efram
e. 

The ER
E

P
 program

 applies to large energy and w
ater using sites – those using m

ore than 100 TJ of 
energy and/or 120 M

L of w
ater per annum

. 

N
ational G

reenhouse and Energy R
eporting A

ct
A

 
national 

approach 
to 

greenhouse 
gas 

(G
H

G
) 

em
ission 

estim
ation 

and 
reporting 

has 
been 

established.  The N
ational G

reenhouse and E
nergy R

eporting A
ct 2007 (N

G
ER

 Act) establishes a 
national fram

ew
ork for reporting greenhouse gas em

issions, greenhouse gas em
ission abatem

ent 
actions and energy consum

ption and production by A
ustralian corporations. 

The
N

ational G
reenhouse and E

nergy R
eporting R

egulations 2008 (N
G

ER
 R

egulations) provide the 
necessary details that allow

 com
pliance w

ith, and adm
inistration of, the N

G
E

R
 A

ct.   

To estim
ate greenhouse gas em

issions for com
pliance w

ith the N
G

E
R

 R
egulations and the N

G
ER

 
A

ct, the N
ational G

reenhouse and Energy R
eporting (M

easurem
ent) D

eterm
ination 2008 (N

G
ER

 
(D

eterm
ination)) sets out m

ethods, and criteria for m
ethods, for the estim

ation of greenhouse gas 
em

issions.  It also sets out m
ethods for estim

ating or calculating the production and consum
ption of 

energy.   Facilities are required to report under the N
G

ER
 A

ct if they exceed the G
H

G
 em

ission 
threshold of 25 kt C

O
2 -e/year (kilotonnes of carbon dioxide-equivalent per year) or the energy 

threshold (produced or consum
ed) of 100 TJ/year.  

The docum
ent “N

ational G
reenhouse and E

nergy R
eporting System

: technical guidelines for the 
estim

ation of greenhouse em
issions and energy at facility level: energy, industrial process and w

aste 
sectors in A

ustralia”, 2007 provides additional guidance to the N
G

E
R

 (D
eterm

ination). 

A
lso relating to G

H
G

 em
issions, by w

ay of energy consum
ption, is the E

nergy E
fficiency O

pportunities 
P

rogram
 (E

E
O

) and related A
ct and R

egulations w
hich requires that facilities using m

ore than 500 TJ 
of energy participate in the program

.  The program
 is designed to encourage participants to develop a 

detailed know
ledge of their energy consum

ption and develop actions to reduce consum
ption.  

4.9.2 
Em

ission Scope 
The m

ethodology described in N
G

E
R

 (D
eterm

ination), used for the assessm
ent, w

as em
ployed w

ith 
the concept of em

ission “scopes”. 

�
S

cope 1: D
irect G

H
G

 em
issions.  D

irect G
H

G
 em

issions occur from
 sources that are ow

ned or 
controlled by the com

pany, for exam
ple em

issions from
 com

bustion in ow
ned or controlled boilers, 

furnaces, vehicles, etc; and em
issions from

 chem
ical production in ow

ned or controlled process 
equipm

ent. 
�

S
cope 2: E

lectricity Indirect G
H

G
 em

issions.  This accounts for G
H

G
 em

issions from
 the 

generation of purchased electricity consum
ed by the com

pany.  P
urchased electricity is defined as 

electricity that is purchased or otherw
ise brought into the organisational boundary of the com

pany. 
S

cope 2 em
issions physically occur at the facility w

here electricity is generated. 
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�
S

cope 3: O
ther Indirect G

H
G

 em
issions.  This is not a reporting class as required under the N

G
E

R
 

A
ct and N

G
E

R
 R

egulations.  These em
issions account for all other indirect G

H
G

 em
issions 

resulting from
 a com

pany’s activities, but occurring from
 sources not ow

ned or controlled by the 
com

pany.  E
xam

ples include extraction and production of purchased m
aterials; transportation of 

purchased fuels; and use of sold products and services. 

S
cope 1 and 2 em

issions together are called “total” greenhouse gas em
issions for a facility.  S

cope 3 
is not required to be reported to N

G
ER

, and have not been estim
ated in this assessm

ent 

4.9.3 
Scope 1 Em

issions 
S

cope 1 em
issions from

 electricity generation have been calculated using the N
ational G

reenhouse 
A

ccounts (N
G

A
) factors to provide data on the em

issions of C
O

2 -e (carbon dioxide equivalent) 
generated through the com

bustion of gaseous fuels for pow
er generation (Table 4-6).  The N

G
A

 
factors take in to account em

issions of the three m
ain greenhouse gases, C

O
2 , C

H
4  (m

ethane) and 
N

2 O
 (nitrous oxide) (D

epartm
ent of C

lim
ate C

hange, 2009).   

For pow
er generation, from

 natural gas distributed in a pipeline, an overall em
ission factor of 51.33 kg 

C
O

2 -e/G
J is provided by the N

G
A

 factors.   

M
anufacturer’s specifications for the potential generators proposed for this site provide a heat rate in 

term
s of kJ/kW

h.  This defines the am
ount of natural gas, in term

s of the energy it contains, required 
by the engine type to produce 1 kW

h of electricity.  S
cope 1 em

issions have been calculated using 
E

quation 4-4. 

Equation 4-4  
C

alculation of Scope 1 em
issions 

�
�

EF
O

pH
ours

H
R

O
utput

Engines
E

e
C

O
�

�
�

�
�

�
�

�
6

10
1

1000
2

W
here: 

E
C

O
2-e  is the em

ission in kg/annum
 of C

O
2 -e

E
ngines is the num

ber of engines operating on site; 
O

utput is the output in M
W

h per engine 
H

R
 is the m

anufacturer specified H
eat R

ate in kJ/kW
h 

O
pH

ours is the num
ber of operational hours for the site per year (486 hours based on 5%

 operation) 
E

F is the em
ission factor provided by N

G
A

 (51.33 kg C
O

2 -e/G
J) 

Table 4-6 
Scope 1 Em

issions from
 Electricity G

eneration 

M
anufacturer 

E
ngine 

S
cope 1 C

O
2 -e (T

onnes) 

SG
T5-2000E 

156612 
S

iem
ens

SG
T5-4000F 

178001 
9E 

120711 
G

E
9FA

 
168207 

V94.2 
157700 

Ansaldo 
V94.3 

179815 
A

lstom
AE13E2

141593 
M

itsubishi 
M

701F4 
177346 
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4.9.4 
Scope 2 Em

issions 
S

cope 2 em
issions from

 electricity use have been calculated using the N
ational G

reenhouse A
ccounts 

(N
G

A
) factors to provide data on the em

issions of C
O

2 -e (carbon dioxide equivalent) generated 
through the use of electricity from

 the national grid.  The N
G

A
 factors take in to account em

issions of 
the three m

ain greenhouse gases, C
O

2 , C
H

4  (m
ethane) and N

2 O
 (nitrous oxide) generated through 

generation of electricity (D
epartm

ent of C
lim

ate C
hange, 2009). 

For electricity use in V
ictoria an overall em

ission factor of 1.22 kg C
O

2 -e/kW
h is provided by the N

G
A 

factors. 

P
rojected electricity use for the AG

L Tarrone facility has been estim
ated based on electricity 

consum
ption from

 grid by A
G

L S
om

erton peak loading plant in V
ictoria.  In 2009, A

G
L S

om
erton used 

2010.89 M
W

h of electricity from
 the grid and produced 104.5 G

W
 of electricity.  U

sing a linear 
relationship betw

een grid electricity use and generating capacity (based on 5%
 operation) Table 4-7 

show
s the projected electricity consum

ption for each engine configuration.  The electricity use has 
been used w

ith the N
G

A
 factors for electricity use in Victoria to define the S

cope 2 em
issions. 

Table 4-7 
G

rid Electricity C
onsum

ption (M
W

h) for each potential generator configuration 

G
enerator
C

lass
E

 C
lass 

F C
lass 

M
anufacturer 

M
odel 

G
rid E

lectricity 
C

onsum
ption 

(M
W

h) 
M

odel
G

rid E
lectricity 

C
onsum

ption 
(M

W
h) 

Siem
ens 

SG
T5-2000E 

5662 
SG

T5-4000F 
7381 

G
E

 
9E

 
4247 

9FA
 

6461 
Ansaldo 

V94.2 
5730 

V94.3 
7432 

A
lstom

AE13E2
5629 

 
 

M
itsubishi 

 
 

M
701F4 

7761 
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5
5 R

esults

5.1 
Local A

ir Q
uality 

Figures 1 to 12 show
 predicted contribution to ground level concentrations during startup and 

operation of the A
lstom

 13E
2 and G

E
 9FA

 engines both separate from
 and in com

bination w
ith the 

proposed S
haw

 R
iver site. 

Table 5-1 show
s the m

axim
um

 m
odelled ground level concentration (99.9

th percentile), excluding 
background, in com

parison to the S
E

P
P

(A
Q

M
) design criteria. 

For all m
odelled scenarios and species the m

axim
um

 m
odelled ground level concentration is w

ell 
below

 the S
E

P
P

(A
Q

M
) design criteria. 

Table 5-2 and Table 5-3 show
 the m

axim
um

 m
odelled ground level concentration (100

th percentile), 
excluding background, for onsite locations in com

parison to the TW
A

 and STE
L specified by S

afe 
W

ork A
ustralia. 

For all m
odelled scenarios and air quality indicator species the m

axim
um

 m
odelled on-site ground 

level concentration is below
 S

afe W
ork A

ustralia guidelines. 

It is notable that the m
axim

um
 m

odelled ground level concentration for startup is low
er than the 

m
axim

um
 m

odelled ground level concentration for norm
al operations.  This is due to m

odelling using a 
sub-hourly data set that allow

s the low
er em

issions than norm
al operations for the first 21 m

inutes and 
9 m

inutes for the A
lstom

 13E
2 and G

E9FA
 respectively, to be incorporated into the m

odelling.  O
ver 

the hour, the em
issions during start-up are low

er than during norm
al operations, in addition, the 

variation in tem
perature and exit velocity m

eans that the em
ission reaches varying final plum

e heights 
throughout the hour resulting in a low

er ground level concentration as the plum
e is less w

ell form
ed. 

R
esults for species other than N

O
X  as N

O
2  are not included in the results as em

issions for these 
species are low

er during startup than during norm
al operation.  O

nly N
O

X  as N
O

2  has a period w
hen 

the em
ission rate is higher than during norm

al operation. 
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Table 5-1 Maximum modelled (99.9th percentile) ground level concentrations for considered scenarios (without background) 

Species
NOX as 

NO2

SOX as 
SO2 CO PM2.5

PAH as 
B(a)P Benzene Xylenes Toluene

Ethyl-
benzene

Formalde-
hyde

Units ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3

Averaging Period 1 hour 1 hour 1 hour 1 hour 3 minutes 3 minutes 3 minutes 3 minutes 3 minutes 3 minutes 

Alstom 13E2 Steady State 16.11 0.86 1.97 2.31 0.001 0.003 0.018 0.037 0.009 0.203 

GE 9FA Steady State 14.23 0.86 4.25 0.996 0.001 0.003 0.018 0.037 0.009 0.204 

Alstom 13E2 Start up 3.15    

GE 9FA Start up 4.8    

Alstom 13E2 Steady State Plus Shaw River 55.1  13.5        

GE 9FA Steady State Plus Shaw River 55.1  13.5   

Background Concentration 11.3 0 229 7.5 0 0 0 0 0 0 

SEPP (AQM) Design Criteria 190 450 29,000 50 0.73 53 350 650 14,500 40 
Exceed SEPP (AQM) Design Criteria No No No No No No No No No No 
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Table 5-2 Maximum modelled on site ground level concentrations for considered scenarios (without background) 

Species
NOX as 

NO2

SOX as 
SO2 CO PM2.5

PAH as 
B(a)P Benzene Xylenes Toluene

Ethyl-
benzene

Formalde-
hyde

Units ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3

Averaging Period 15 minutes 15 minutes 15 minutes 15 minutes 15 minutes 15 minutes 15 minutes 15 minutes 15 minutes 15 minutes 

Alstom 13E2 Steady State 2.18 0.12 0.27 0.31 0.00005 0.0003 0.0014 0.0028 0.0007 0.015 

GE 9FA Steady State 1.85 0.11 0.55 0.129 0.00005 0.0003 0.0013 0.0027 0.0007 0.015 

Alstom 13E2 Start up 0.0081  

GE 9FA Start up 0.23

Alstom 13E2 Steady State Plus Shaw River 10.83  2.66        

GE 9FA Steady State Plus Shaw River 10.83  2.66  

Background Concentration 11.3 0 229 7.5 0 0 0 0 0 0

STEL Worksafe Criteria 9,400 13,000 N/A  N/A N/A 655,000 574,000 543,000 2,500 
Exceed SEPP (AQM) Design Criteria No No No No No No No No No No 
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Table 5-3 Maximum modelled ground level concentrations for considered scenarios (without background) 

Species
NOX as 

NO2

SOX as 
SO2 CO PM2.5

PAH as 
B(a)P Benzene Xylenes Toluene

Ethyl-
benzene

Formalde-
hyde

Units ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3

Averaging Period 8 hours 8 hours 8 hours 8 hours 8 hours 8 hours 8 hours 8 hours 8 hours 8 hours 

Alstom 13E2 Steady State 12.85 0.69 0.16 1.84 0.00028 0.0015 0.016 0.008 0.004 0.089 

GE 9FA Steady State 13.01 0.79 3.89 0.91 0.00032 0.0017 0.019 0.009 0.005 0.103 

Alstom 13E2 Start up 4.12    

GE 9FA Start up 1.29    

Alstom 13E2 Steady State Plus Shaw River 0.66  0.16        

GE 9FA Steady State Plus Shaw River 1.07  0.26   

Background Concentration 11.3 0 229 7.5 0 0 0 0 0 0 

TWA Worksafe Criteria 5,600 5,200 34,000  N/A 3,200 350,000 191,000 434,000 1,200 
Exceed SEPP (AQM) Design Criteria No No No No No No No No No No 
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5.2 
In Stack C

oncentrations 
Table 5-4 show

s the estim
ated in stack concentrations based on the m

ass em
ission rates and 

volum
etric flow

 for the turbines under base load conditions. 

Table 5-4 
In stack concentrations (g/m

3) for species likely to em
itted (Schedule D

 SEPP(A
Q

M
)) 

S
ubstance

A
lstom

 13E
2

(g/m
3)

G
E

 9FA
(g/m

3)

E
m

ission
Lim

it
(g/m

3)
E

xceedance 

N
itrogen dioxide* 

0.03 
0.03 

1.0 
N

o 
Total particulate m

atter 
0.003 

0.001 
0.5 

N
o 

* - B
ased on reference oxygen of 7%

 w
ith an in stack oxygen concentration of 12.5%

 

The in stack concentrations are at least an order of m
agnitude below

 the em
ission lim

its set w
ithin 

S
chedule D

 of the S
E

P
P

(A
Q

M
). 

5.3 
G

reenhouse G
as Em

issions 
The annual operating hours for gas fired peaking pow

er stations can vary significantly from
 year to 

year as they are used at tim
es w

hen additional electricity is required by the grid.  The national 
electricity m

arket is extrem
ely volatile and com

plex.  P
eak loading pow

er plants are used at tim
es 

w
hen additional electricity is required by the grid, such as during hot sum

m
er days or cold w

inter 
m

ornings and evenings.  As a result, the distribution of operating hours can vary significantly from
 year 

to year.  It is difficult therefore to predict w
ith certainty w

hen the plant w
ill be operating and for how

 
m

any hours.  Typically, how
ever, the annual operating hours are expected to be approxim

ately 5%
 

(440 hours).  A
t a 5%

 usage rate, the expected gas and electricity consum
ption w

ould result in S
cope 

1 and 2 greenhouse gas em
issions for the considered engine types, as show

n in Table 5-5. 

Table 5-5 
Tonnes C

O
2 -e em

itted to atm
osphere through fuel com

bustion and grid electricity 
consum

ption.  Engines m
odelled for local air quality assessm

ent have been highlighted. 

G
enerator
C

lass
E

 C
lass 

F C
lass 

T
onnes C

O
2 -e per year 

T
onnes C

O
2 -e per year 

M
anufacturer 

M
odel 

S
cope
1

S
cope
2

S
cope

1 &
 2 

M
odel

S
cope
1

S
cope
2

S
cope

1 &
 2 

S
iem

ens
SG

T5-
2000E 

156,610 
6,910 

163,520 
SG

T5-
4000F 

178,000 
9,005 

187,010 

G
E 

9E 
120,710 

5,180
125,890 

9FA
 

168,210 
7,880

176,090 
Ansaldo 

V94.2 
157,700 

6,990 
164,690 

V94.3 
179,815 

9,070 
188,880 

A
lstom

AE13E2
141,590 

6,870
148,460 

 
 

 
 

M
itsubishi 

 
 

 
 

M
701F4 

177,346 
9,468 

186,814 
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The annual S
cope 1 and 2 C

O
2 -e em

issions for the proposed E
 and F class engines is 164,690 tonnes 

C
O

2 -e and 188,882 tonnes C
O

2 -e respectively.  This represents 0.2%
 and 0.23%

 for E
 and F class 

engines respectively of 2006 V
ictorian em

issions from
 stationary energy sources

5.

                                                     
5 E

P
A

 V
ictoria; 2010. ‘A

ustralia and V
ictoria’s greenhouse gas em

issions’.  A
vailable online at 

http://w
w

w
.epa.vic.gov.au/greenhouse/australia-victoria-em

issions.asp .  Last accessed 30/3/10. 
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6
6 C

onclusion

A
G

L E
nergy P

ty Ltd (A
G

L) proposes the construction of a peak loading pow
er plant near to Tarrone in 

south w
estern V

ictoria.  The proposed peak loading pow
er plant w

ill have a nom
inal operating 

capacity of approxim
ately 720 M

W
h - 920 M

W
h, dependant on the final turbine configuration. 

Tw
o plant configurations are considered for the proposed Tarrone pow

er station com
prising of either 

four E
 class turbines or three F class turbines operating in open cycle m

odel.  A
t this stage in the 

design process, the final choice of engine m
anufacturer has not been determ

ined, how
ever five 

prospective m
anufacturers are being considered.  In order to provide flexibility in the final choice of 

supplier, U
R

S
 has considered the: 

�
Local air quality im

pact; and 
�

G
reenhouse gas em

issions, 

from
 the use of tw

o representative E
-C

lass and F-C
lass engines.  The tw

o proposed site designs 
considered in this assessm

ent are: 

�
4 X

 A
lstom

 13E
2 M

; or 
�

3 X
 G

E
 E

nergy 9FA
. 

A
n assessm

ent of the representativeness of the engines for the prediction determ
ined that m

odelling 
these engines w

ould result in a reasonably conservative prediction of ground level concentration in 
com

parison to the other considered engines. 

The im
pact on am

bient air quality w
ith respect to regulatory em

ission lim
its and ground level 

concentration criteria of the prim
arily gaseous em

issions has been assessed by U
R

S
.  The local air 

quality assessm
ent involved atm

ospheric dispersion m
odelling and has been conducted in accordance 

w
ith the S

E
P

P
(A

Q
M

). The assessm
ent of the im

pact of local air quality used a largely conservative 
approach, in accordance w

ith the S
E

P
P

(A
Q

M
). 

6.1 
B

ackground D
ata 

V
ery little am

bient m
onitoring has been undertaken in the area surrounding the proposed project site.  

U
R

S
 understands that m

onitoring has been undertaken in industrial areas of M
ount G

am
bier by the 

S
outh A

ustralian E
P

A
 and in W

arrnam
bool for P

M
10  and TS

P
 by the V

ictorian E
P

A
.  D

ata from
 M

ount 
G

am
bier w

as considered not to be representative of the project site due to the industrial areas in 
w

hich the data w
as collected.  M

onitoring in W
arrnam

bool m
easured only P

M
10  and TS

P
.  U

R
S

 
considers that any dust em

issions from
 the pow

er station are likely to be less than P
M

2.5  due to the 
natural gas fuel source.  U

se of P
M

10  m
onitoring as background data for PM

2.5  w
ould be an over 

estim
ate of background concentrations. 

U
R

S
 therefore selected appropriate locations from

 the 70
th percentile of m

onitored concentrations for 
com

m
on species provided by E

P
A

. 

U
R

S
 is aw

are that S
haw

 R
iver P

ow
er proposes the construction of a base load pow

er station in close 
proxim

ity to the proposed A
G

L site at Tarrone.  U
R

S
 has used the data contained in the E

nvironm
ent 

E
ffects S

tatem
ent for the S

haw
 R

iver facility to undertake a cum
ulative im

pact assessm
ent. 
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6.2 
M

ethodology 

6.2.1 
Em

ission Estim
ation 

A
G

L Start-up 
C

A
LP

U
FF allow

s the use of sub-hourly m
eteorological data, m

eaning that tim
e varying em

issions for 
the sam

e tim
e period can be used to determ

ine the potential ground level im
pacts due to start-up 

conditions.

E
m

issions of N
O

X  during start up have been calculated for each engine type.  D
ue to the different type 

of inform
ation provided by each m

anufacturer the m
ethod of calculation for start up N

O
X  em

issions 
w

as varied slightly w
ith each engine. 

S
tart-up conditions for the A

lstom
 13E

2 engines w
ere based on start-up curves provided by the 

m
anufacturer that provided: 

�
M

ass flow
 rate of stack em

issions as a percentage of base load; 
�

D
ata on total em

issions of N
O

X  over the start-up period (49 kg); and 
�

V
ariation in stack exit tem

perature. 

S
tart-up conditions for the G

E
 9FA engines w

ere based on start-up curves provided by the 
m

anufacturer providing: 

�
P

ercent load during start-up; 
�

E
xhaust m

ass as a percentage of base load; 
�

N
O

X  em
issions in relation to percentage load operation of the turbine; and 

�
C

hange of tem
perature over the start-up period. 

A
G

L Steady State 
E

m
ission estim

ation for the proposed pow
er plant w

as com
pleted using m

anufacturer data (Table 
4-3), and w

here m
anufacturer data w

as unavailable em
ission estim

ation w
as com

pleted using 
techniques provided in the N

ational Pollutant Inventory (N
P

I) and the U
S

E
PA

 em
ission estim

ation 
technique m

anual A
P

-42. 

Shaw
 R

iver Steady State 
E

m
issions from

 the S
haw

 R
iver project have been extracted from

 the E
nvironm

ental E
ffects S

tatem
ent 

(E
E

S
) published as part of the approvals process for the developm

ent.  The em
ission rates for N

O
X 

and C
O

 detailed in the E
E

S
 along w

ith the source description, have been m
odelled in C

A
LP

U
FF and 

the predicted ground level concentrations added to those predicted for the A
G

L Tarrone facility. 

6.2.2 
M

odelling 
U

R
S

 used C
A

LP
U

FF V
ersion 6.263 as the atm

ospheric dispersion m
odel for the assessm

ent of the 
proposed A

G
L P

ow
er P

lant at Tarrone in preference to the regulatory m
odel, A

usplum
e V

ersion 6. 

The preference to use C
ALP

U
FF rather than A

usplum
e for this particular assessm

ent w
as due to: 

�
The potential for sea breeze influences on plum

e behaviour; and  
�

The ability of C
A

LP
U

FF to use sub-hourly m
eteorological data w

hich is a m
ore accurate 

representation of the im
pacts of startup conditions for the peak loading pow

er plant. 
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M
eteorological data w

as prepared for the dispersion m
odelling using C

A
LM

E
T.  C

A
LM

E
T is a 

m
eteorological pre-processor for the C

A
LP

U
FF dispersion m

odel that is able to take account of 
surface and upper air observations across a m

odel dom
ain and, using topographic and land use data 

derive three dim
ensional m

eteorology across a m
odel grid.  The output from

 C
A

LM
E

T is then used in 
the dispersion m

odelling. 

O
bservational data in the area surrounding the project site w

as available from
: 

�
M

ortlake R
acecourse (surface); 

�
P

ortland (surface); 
�

W
arrnam

bool (surface); and 
�

M
ount G

am
bier (surface and upper air). 

6.2.3 
In Stack C

oncentrations 
In stack concentrations have been estim

ated based on em
ission estim

ates (as detailed above) and 
volum

etric flow
 of exhaust gases.  In stack concentrations of N

O
X  and total particulate m

atter have 
been assessed against the criteria in S

chedule D
 of the S

E
P

P
(A

Q
M

). 

6.2.4 
G

reenhouse G
as Estim

ation 
E

m
issions of C

O
2 -e (carbon dioxide equivalent) have been calculated for Scope 1 and S

cope 2 
activities and defined in the N

G
E

R
S

 determ
ination (S

ee S
ection 4.9.2). 

A
ccounts (N

G
A

) factors to provide data on the em
issions of C

O
2 -e generated through the com

bustion 
of gaseous fuels for pow

er generation.  The N
G

A
 factors take in to account em

issions of the three 
m

ain greenhouse gases, C
O

2 , C
H

4  (m
ethane) and N

2 O
 (nitrous oxide) (D

epartm
ent of C

lim
ate 

C
hange, 2009).   

Scope 1 
M

anufacturer’s specifications for the potential generators proposed for this site provide a heat rate in 
term

s of kJ/kW
h.  This defines the am

ount of natural gas, in term
s of the energy it contains, required 

by the engine type to produce 1 kW
h of electricity.  S

cope 1 em
issions have been calculated using the 

gas energy required for each engine to generate at full load for 5%
 of the year and the N

G
A factors for 

the com
bustion of natural gas delivered by pipeline. 

Scope 2 
S

cope 2 em
issions from

 electricity use have been calculated using the N
ational G

reenhouse A
ccounts 

(N
G

A
) factors to provide data on the em

issions of C
O

2 -e (carbon dioxide equivalent) generated 
through the use of electricity from

 the national grid.  The N
G

A
 factors take in to account em

issions of 
the three m

ain greenhouse gases, C
O

2 , C
H

4  (m
ethane) and N

2 O
 (nitrous oxide) generated through 

generation of electricity (D
epartm

ent of C
lim

ate C
hange, 2009). 

E
lectricity use of the proposed facility has been estim

ated based on grid electricity consum
ption by 

another A
G

L peak load pow
er station in V

ictoria using a linear relationship betw
een electricity 

produced and grid electricity consum
ed. 
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6.3 
R

esults 

6.3.1 
A

m
bient A

ir Q
uality 

P
redicted ground level concentrations for all species and all considered engine designs w

ere w
ell 

below
 the relevant S

E
P

P
 (A

Q
M

) design criteria at all locations in the m
odel dom

ain including w
ith 

consideration of potential em
issions from

 the proposed S
haw

 R
iver P

ow
er S

tation. 

6.3.2 
O

n Site C
oncentrations 

P
redicted ground level concentrations for all species and all considered engine designs w

ere below
 

the relevant S
afe W

ork Australia guidelines at all m
odelled on-site locations. 

6.3.3 
In Stack C

oncentrations 
E

stim
ated in stack concentrations for N

O
X  and total particulate m

atter are below
 the S

E
P

P
(A

Q
M

) 
em

ission lim
its for stationary sources in V

ictoria. 

6.3.4 
G

reenhouse G
as Em

ission 
A

t an assum
ed 5%

 usage rate, the annual S
cope 1 and 2 C

O
2 -e em

issions for the proposed E
 and F 

class engines are about 165,000 tonnes C
O

2 -e and 189,000 tonnes C
O

2 -e respectively.  This 
represents 0.2%

 and 0.23%
 for E

 and F class engines respectively of 2006 V
ictorian em

issions from
 

stationary energy sources. 
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7 R
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D
epartm
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lim

ate C
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ational G
reenhouse A

ccounts (N
G

A
) Factors’. A

ustralian 
G

overnm
ent 

E
P

A
 V

ictoria, 2001. ‘S
tate E

nvironm
ent P

rotection P
olicy (A

ir Q
uality M

anagem
ent)’. V

ictoria 
G

overnm
ent G

azette N
o. S

 240. 

N
ational O

ccupational H
ealth and S

afety C
om

m
ission. W

orksafe A
ustralia, 2001. ‘G

uidance N
ote on 

the Interpretation of E
xposure S

tandards for A
tm

ospheric C
ontam

inants in the O
ccupational 

E
nvironm

ent N
O

H
S

C
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dition.  A
vailable at 

http://w
w

w
.safew

orkaustralia.gov.au/N
R
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C
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-

5E
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E
E
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oteontheInterpretationofE

xposureS
tandardsforA

tm
osphericC

ontam
inant

sintheO
ccupa.pdf. Last accessed 20/04/2010 

S
afe W
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azardous S
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ation N

etw
ork’.  A

vailable at 
http://hsis.ascc.gov.au/D

efault.aspx. Last accessed 20/04/09 

S
ustainability V

ictoria, 2009. ‘E
nergy U

se in V
ictoria’.  A
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w
w
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w

w
/htm

l/1819-energy-use-in-victoria.asp. Last accessed 9/7/09 
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8Lim
itations

U
R

S
 A

ustralia P
ty Ltd (U

R
S) has prepared this report in accordance w

ith the usual care and 
thoroughness of the consulting profession for the use of A

G
L E

nergy Lim
ited and only those third 

parties w
ho have been authorised in w

riting by U
R

S
 to rely on the report. It is based on generally 

accepted practices and standards at the tim
e it w

as prepared. N
o other w

arranty, expressed or 
im

plied, is m
ade as to the professional advice included in this report. It is prepared in accordance w

ith 
the scope of w

ork and for the purpose outlined in the P
roposal dated 12 S

eptem
ber 2008. 

The m
ethodology adopted and sources of inform

ation used by U
R

S
 are outlined in this report. U

R
S 

has m
ade no independent verification of this inform

ation beyond the agreed scope of w
orks and U

R
S

 
assum

es no responsibility for any inaccuracies or om
issions. N

o indications w
ere found during our 

investigations that inform
ation contained in this report as provided to U

R
S

 w
as false. 

This report w
as prepared betw

een M
arch 2009 and June 2010 and is based on the conditions 

encountered and inform
ation review

ed at the tim
e of preparation. U

R
S

 disclaim
s responsibility for any 

changes that m
ay have occurred after this tim

e. 

This report should be read in full. N
o responsibility is accepted for use of any part of this report in any 

other context or for any other purpose or by third parties. This report does not purport to give legal 
advice. Legal advice can only be given by qualified legal practitioners. 
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Figures 

Figure 1 
E

xtent of outer and inner m
eteorlogical grids used in C

A
LM

E
T to derive m

eteorology for 
dispersion m

odelling w
ith terrain data from

 the S
R

TM
 database 

Figure 2 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average N

O
X

as N
O

2
C

oncentrations 
(ug/m

3), including background, for four A
lstom

 A
E

13E
2 engines operating at full load 

Figure 3 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average S

O
X

as S
O

2
C

oncentrations 
(ug/m

3), including background, for four A
lstom

 A
E

13E
2 engines operating at full load 

Figure 4  
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average carbon m

onoxide concentrations 
(ug/m

3), including background, for four A
lstom

 A
E

13E
2 engines operating at full load 

Figure 5 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average P

M
2.5

concentrations (ug/m
3), 

including background, for four A
lstom

 AE13E
2 engines operating at full load 

Figure 6 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average N

O
X

as N
O

2
concentrations 

(ug/m
3), including background, for three G

E
 9FA

 engines operating at full load 

Figure 7 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average S

O
X

as SO
2

concentrations (ug/m
3), 

including background, for three G
E

 9FA
 engines operating at full load 

Figure 8 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average carbon m

onoxide concentrations 
(ug/m

3), including background, for three G
E

 9FA
 engines operating at full load 

Figure 9 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average P

M
2.5

concentrations (ug/m
3), 

including background, for three G
E

 9FA
 engines operating at full load 

Figure 10 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average N

O
X

as N
O

2
concentrations 

(ug/m
3), including background, for four A

lstom
 A

E
13E

2 engines operating in startup 

Figure 11 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average N

O
X

as N
O

2
concentrations 

(ug/m
3), including background, for three G

E
 9FA

 engines operating in startup 

Figure 12 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average N

O
X

as N
O

2
concentrations 

(ug/m
3), including background, for four A

lstom
 A

E
13E

2 turbines at A
G

L Tarrone and three 
S

G
T5-4000F at S

haw
 R

iver operating at full load 

Figure 13 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average carbon m

onoxide concentrations 
(ug/m

3), including background, for four A
lstom

 A
E

13E
2 turbines at A

G
L Tarrone and three 

S
G

T5-4000F at S
haw

 R
iver operating at full load 

Figure 14 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average N

O
X

as N
O

2
concentrations 

(ug/m
3), including background, for three G

E
9FA

 turbines at A
G

L Tarrone and three S
G

T5-
4000F at S

haw
 R

iver operating at full load 

Figure 15 
P

redicted M
axim

um
 (99.9

th P
ercentile) 1 hour average carbon m

onoxide concentrations 
(ug/m

3), including background, for three G
E

9FA
 turbines at A

G
L Tarrone and three S

G
T5-

4000F at S
haw

 R
iver operating at full load 
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B
.1 

 C
om

parison of Specifications 
A

t this stage in the design process, the final choice of engine m
anufacturer has not been determ

ined.  
In order to provide flexibility in the final choice of supplier, the local air quality im

pact from
 the use of 

tw
o engines representing typical em

issions and im
pact resulting from

 the use of E
-C

lass and F-C
lass 

engines has been considered.  To ensure that available specifications used in this application are 
suitably representative of other possible engine configurations, com

parison of publically available 
docum

entation from
 m

anufacturer’s w
ebsites has been undertaken (Table 4-3).  M

issing data for a 
particular param

eter indicates that data on this particular param
eter is not available in the product 

brochures / w
ebsites

6.

The key param
eters w

ith respect to influencing em
ission characteristics are: 

�
P

ow
er output; 

�
H

eat rate; 
�

E
xhaust gas tem

perature; and 
�

G
as consum

ption. 

B
.1.1

B
uoyancy Flux 

U
pon release from

 the stack, the rise of em
issions up into the atm

osphere is governed by buoyancy 
flux.  B

uoyancy flux is driven by: 

�
E

xhaust velocity; 
�

E
xhaust gas tem

perature; and 
�

A
m

bient tem
perature. 

Follow
ing em

ission from
 the stack and as it rises, the plum

e cools and slow
s dow

n as a result of heat 
loss to the surrounding atm

osphere and friction w
ith the air.  Final plum

e rise is reached w
hen the 

tem
perature of the em

issions is the sam
e as the surrounding atm

osphere, and the vertical velocity is 
zero. 

The interaction of the stack exit velocity and stack exit tem
perature on plum

e rise w
as first described 

by B
riggs in 1972

7, using the B
riggs buoyancy flux param

eter (E
quation B-1).  The higher the B

riggs 
buoyancy flux param

eter, the higher the plum
e w

ill rise in to the atm
osphere. 

                                                     
6 http://w

w
w

.energy.siem
ens.com

/hq/en/pow
er-generation/gas-turbines/ 

http://w
w

w
.gepow

er.com
/prod_serv/products/gas_turbines_cc/en/m

idrange/m
s9001e.htm

http://w
w

w
.gepow

er.com
/prod_serv/products/gas_turbines_cc/en/f_class/m

s9001fa.htm
http://w

w
w

.ansaldoenergia.com
/P

D
F/A

nsaldoE
nergia_G

asTurbines_09_IN
G

.pdf
http://w

w
w

.m
pshq.com

/products_gasturbines.htm
#M

501FM
701F 

7 B
eychock, M

.R
., 2005, ‘Fundam

entals of S
tack G

as D
ispersion’. 
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Table B-1 Comparison of manufacturers specifications for proposed E Class engines (modelled engine shaded) 

Manufacturer Engine Class 
Number
Engines

Power
Output
(MW)

Heat
Rate

(kJ/kWh)

Exhaust
Gas

Temp

Gas
Consumed

m3/hr

Guaranteed
NOX at 15% 

Oxygen
(ppm)

Siemens SGT5-2000E E 4 168 10,366  45,849 
GE 9E E 4 126 10,653  35,339 
Ansaldo V94.2 E 4 170  544  
Alstom AE13E2 E 4 167 9,428 513 41,452 

25

Table B-2 Comparison of manufacturers specifications for proposed F Class engines (modelled engine shaded) 

Manufacturer Engine Class 
Number
Engines

Power
Output
(MW)

Heat
Rate

(kJ/kWh)

Exhaust
Gas

Temp

Gas
Consumed

m3/hr

Guaranteed
NOX at 15% 

Oxygen
(ppm)

Siemens SGT5-4000F F 3 292 9,038  69,481 
GE 9FA F 3 256 9,757 609 65,658 
Ansaldo V94.3 F 3 294  572  
Mitsubishi M701F4 F 3 3078 8,5658  69,226 

25

                                                     
8 Current rating of the Mitsubishi M701F3 is 270 MW per engine with a heat rate of 9738 kJ/kWh. Technology is expected to improve over time resulting in the M701F4 claiming a reduced heat rate and 
greater efficiency of the engine to produce more power for the same volume of gas consumed. 
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Equation B
-1  

C
alculation of B

riggs buoyancy flux param
eter 7

�
�

s

a
s

s
T

T
T

r
gv

F
�

�
2

W
here: 

F is the B
riggs buoyancy flux param

eter (m
4/sec

3)
g is the acceleration due to gravity (9.807 m

/sec
2)

v
s  is the stack exit velocity (m

/sec) 
r is the stack radius (m

) 
T

s  is the stack exit tem
perature (K) 

T
a  is the am

bient air tem
perature (K

) 

It should be noted that in E
quation B

-1, the product of stack velocity and the square of the stack radius 
are used.  This term

 is equivalent to the volum
etric flow

 of the stack.  A
 narrow

ing of the stack 
diam

eter w
ill result in an increase in velocity; how

ever the volum
etric flow

 w
ill rem

ain the sam
e 

m
eaning that the buoyancy flux w

ill not change. 

Figure B
-1 

Im
pact of variation of tem

perature and em
ission velocity on B

riggs buoyancy flux param
eter 

 show
s a com

parison of the im
pacts of exit velocity and exit tem

perature on the B
riggs buoyancy flux 

param
eter (using E

quation B
-1).  In this exam

ple, the follow
ing param

eters have been used: 

�
A

m
bient tem

perature set to the annual m
ean tem

perature for W
arnam

bool (18�C
) 9;

�
S

tack diam
eter set to 7m

 (typical for peak loading pow
er stations); 

�
S

tack exit tem
perature varied betw

een 500�C
 and 625�C

 (typical for peak loading pow
er stations); 

and
�

S
tack exit velocity varied betw

een 40 m
/sec and 45 m

/sec (typical for peak loading pow
er stations). 

Figure 4-3 dem
onstrates that a sm

all change in em
ission velocity, for a constant stack diam

eter, 
(w

hich is effectively variable em
ission volum

etric flow
, as velocity is varied at a constant stack 

diam
eter) has a larger im

pact on the B
riggs buoyancy flux param

eter than a 100�C
 tem

perature 
change.  Final plum

e rise height is determ
ined by a com

bination of these param
eters. 

B
oth em

ission velocity and tem
perature are related to the engine efficiency, as this determ

ines the 
energy contained in the em

issions in term
s of sensible heat em

ission.  B
riggs’ equations also allow

 the 
calculation of buoyancy flux using the sensible heat em

ission as show
n in E

quation B
-2.  It should be 

noted that E
quation B

-1 and E
quation B

-2 are equivalent to each other. 

                                                     
9 B

O
M

, 2010. ‘C
lim

ate S
tatistics for A

ustralian Locations – W
arnam

bool’. A
vailable at 

http://w
w

w
.bom

.gov.au/clim
ate/averages/tables/cw

_090172.shtm
l , last accessed 3/3/2010 
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Figure B
-1 

Im
pact of variation of tem

perature and em
ission velocity on B

riggs buoyancy flux param
eter 
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V
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Equation B
-2  

C
alculation of heat flux using the stack sensible heat em

ission 

a
a

pa T
C

gQ
F

�
�

�

W
here: 

Q
 is the stack sensible heat em

ission (cal/sec) 
C

pa  is the  specific heat of am
bient air (1.012 cal/(gK

) at 25�C
) 

�
a  is the density of air (1184 g/m

3 at 25�C
 and standard pressure) 

U
sing the efficiency of the engine to calculate energy directed to stack (in the form

 of heat) and 
E

quation B
-2, Table B

-3 show
s the calculated buoyancy flux of each engine.  

Table B
-3 

B
riggs buoyancy flux calculated based on engine efficiencies for each possible engine 
configuration (engines m

odelled in EES referral are highlighted) 

G
enerator
C

lass
E

 C
lass 

F C
lass 

M
anufacturer 

M
odel 

B
uoyancy Flux 

(m
4/sec

3)
M

odel
B

uoyancy Flux 
(m

4/sec
3)

Siem
ens 

SG
T5-2000E 

659 
SG

T5-4000F 
921 

G
E 

9E 
515 

9FA
 

912
Ansaldo 

V94.2 
662 

V94.3 
932 

A
lstom

AE13E2
564 

 
 

M
itsubishi 

 
 

M
701F4 

884 
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In general, higher buoyancy flux results in higher final plum
e rise.  Theoretical final plum

e rise height 
m

ay be calculated for the above buoyancy fluxes using E
quation B

-3. 

Equation B
-3  

C
alculation of final plum

e rise height using B
riggs equation for bent-over buoyant 

plum
es for stability categories A

 to D
 

1
60
.0

1
3 2

3 1

m
ax

7.
38

6.
1

�
�
�

�
�

u
F

u
x

F
h

f

W
here: 

�h
m

ax is the  m
axim

um
 final plum

e rise height 
x

f  is the dow
nw

ind distance from
 the stack to m

axim
um

 (final plum
e rise) calculated for the above 

buoyancy fluxes using 199F
0.40

u is the w
ind speed 

Error! 
R

eference 
source 

not 
found. 

show
s 

the 
final 

plum
e 

rise 
heights 

calculated 
for 

the 
atm

ospheric stability classes A
 to F for the proposed engines.   

Table B
-4 show

s the percentage variation in final plum
e rise height of additional engines under 

consideration relative to the m
odelled engines for each of the tw

o engine classes. It should be noted 
that a positive percentage difference refers to a higher final plum

e rise height and vice versa for a 
negative percentage difference. 

Figure B
-2 

Final plum
e rise height for the proposed engines in each atm

ospheric stability category 
calculated using Equation B

-3 
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E
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S
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Table B
-4 

Percentage change in final plum
e rise height from

 engines m
odelled in the EES referral 

(positive changes refer to a higher final plum
e rise height and vice versa) 

G
enerator
C

lass
E

 C
lass 

F C
lass 

M
anufacturer 

M
odel 

P
ercentage

C
hange in P

lum
e 

rise height 
M

odel
P

ercentage
C

hange in P
lum

e 
rise height 

Siem
ens 

SG
T5-2000E 

9.76%
 

SG
T5-4000F 

0.54%
 

G
E

 
9E

 
-5.31%

 
9FA

 
0.00%

Ansaldo 
V94.2 

10.04%
 

V94.3 
1.29%

 
A

lstom
AE13E2

0.00%
 

 
 

M
itsubishi 

 
 

M
701F4 

-1.90%
 

Theoretically (and generally), higher plum
e rise results in low

er ground level concentrations due to a 
greater potential for dispersion and dilution.  C

onversely, low
er plum

e rise w
ill result in generally 

higher ground level concentrations. 

A
ssum

ing a linear relationship betw
een variation in plum

e rise and ground level concentrations, the 
G

E
 9E

 w
ill result in approxim

ately a 5%
 higher ground level concentration than the E

 C
lass engines 

m
odelled for the E

E
S

 referral and the M
itsubishi M

701F4 w
ill result in approxim

ately a 1.9%
 higher 

ground level concentration than the F C
lass engines m

odelled for the E
E

S
 referral.  A

ll other engines 
w

ill result in higher plum
e rise, and therefore low

er ground level concentrations. 

W
hilst this assum

ption is considered reasonable (given that the air m
ass w

ill typically rise as a colum
n 

until near the top of its rise w
here it w

ill disperse and fall) plum
e rise m

ay vary under particular clim
atic 

conditions. 
 

These 
calculations 

are 
based 

on 
theoretical 

atm
ospheric 

stability 
and 

assum
e 

a 
hom

ogenous atm
osphere.  V

ariations in upper atm
ospheric m

eteorology w
ill result in variations to 

these assum
ptions, w

hich m
ay result in increased ground level concentrations despite higher plum

e 
rise.  H

ow
ever, the variation in the calculated change in plum

e rise heights is not likely to be of 
sufficient m

agnitude to affect the validity of the assessm
ent predictions. 

B
.1.2

M
ass Em

ission R
ates 

For the sam
e m

eteorological and stack release conditions, a doubling of the em
ission rate of species 

from
 the stack w

ill result in a doubling of predicted ground level concentration, due to the conservation 
of m

ass principle. 

A
vailable data from

 engine m
anufacturers provides details of a guarantee of oxides of nitrogen (N

O
X )

m
axim

um
 em

ission concentration.  N
O

X  is considered by engine m
anufacturers to be the species of 

m
ost concern w

hen com
pared to regulatory lim

its.  A
ll the prospective engine m

anufacturers 
guarantee N

O
X  to 25ppm

 for the nom
inated engines.   

N
O

X  is generated during com
bustion as nitrogen in the air and fuel com

bines w
ith oxygen in the air to 

form
 nitrogen oxide (N

O
) and nitrogen dioxide (N

O
2 ) in approxim

ately the ratio 90:10.  O
n em

ission, 
atm

ospheric chem
istry transform

s a portion of the N
O

 to N
O

2  through oxidation, w
hilst sunlight results 

in disassociation of N
O

2 , form
ing N

O
.  A

s the exact ratio in released gases at any one tim
e is not 

know
n, the tw

o are sum
m

ed and term
ed N

O
X .  M

ethods how
ever exist for estim

ating the ground level 
concentrations of N

O
2 , using oxidant concentrations in the atm

osphere. 
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A
ssum

ing that the ratio of air to fuel gas injected to the com
bustion cham

ber for each C
lass of engine 

is the sam
e, the variant param

eter in the am
ount of N

O
X  produced by an engine is the quantity of fuel 

used.  N
O

X  em
ission rates are know

n for the tw
o engines m

odelled for the E
E

S
 referral; assum

ing a 
linear relationship betw

een the fuel flow
 rate and the N

O
X  em

issions, E
quation B

-4 m
ay be used to 

estim
ate m

ass em
ission rate of N

O
X  for each engine. 

Equation B
-4  

C
alculation of N

O
X  em

ission rate using linear relationship w
ith fuel usage 

EES
EES

Engine
N

O
E

F F
E

X
�

�W
here: 

E
N

O
X  is the em

ission rate of N
O

X  for a specific engine 
F

E
E

S  is the fuel use rate used for the engine class in the E
E

S
 referral (C

alculated using 
E

quation B
-5) 

F
E

ngine  is the fuel use rate for the specific engine (C
alculated using E

quation B
-5) 

E
E

E
S  is the em

ission rate used for the engine class in the E
E

S
 referral 

Equation B
-5  

C
alculation of fuel rate 

G
as

E
H

R
P

F
�

�
�

1000

W
here: 

F is the fuel rate (m
3/hr)

P
 is the pow

er output of the engine (M
W

h) 
H

R
 is the heat rate of the engine (kJ/kW

h) 
E

G
as  is the energy content of gas (37983 kJ/m

3 at 15�C
)

Table B
-5 provides a com

parison of estim
ated m

ass em
ission rates for the different engines in 

com
parison to the nom

inated engines.  In the E
E

S
 referral, the N

O
X  m

ass rate for the A
lstom

 E
-C

lass 
engine w

as m
odelled as provided by the m

anufacturer, w
hilst the N

O
X  m

ass em
ission rate for the G

E
 

F-C
lass engine w

as increased by 10%
.  This approach w

as used to provide a conservative upper 
estim

ate of potential em
ission rate, ensuring that any variation for the m

anufacture specifications 
w

ould not result in an exceedance of regulatory criteria. 

C
om

parison of the em
ission rates m

odelled in the E
E

S
 referral w

ith em
ission rates for other 

prospective engines show
s that other engines m

ay have a higher N
O

X  em
ission rate than m

odelled. 
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Table B
-5 

C
om

parison of the calculated N
O

X  m
ass rates for the other engines relative to the m

odelled 
N

O
X  m

ass rates used in EES referral.  Engines m
odelled in the EES referral are highlighted 

G
enerator
C

lass
E

 C
lass 

F C
lass 

M
anufacturer 

M
odel 

P
ercentage
C

hange in 
M

odelled N
O

X

m
ass rate 

M
odel

P
ercentage
C

hange in 
M

odelled N
O

X

m
ass rate 

Siem
ens 

SG
T5-2000E 

10.61%
 

SG
T5-4000F 

5.82%
 

G
E

 
9E

 
-14.75%

 
9FA

 
0.00%

Ansaldo 
V94.2 

11.38%
 

V94.3 
6.90%

 
A

lstom
AE13E2

0.00%
 

 
 

M
itsubishi 

 
 

M
701F4 

5.43%
 

To provide an indication as to the im
pact on ground level concentrations from

 varying plum
e rise and 

differences in N
O

X  m
ass em

ission rates, the results provided in  

Table B
-4 and Table B

-5 w
ere com

bined to provide an indication of the relative im
pact on predicted 

ground level concentrations of em
issions from

 the additional nom
inated engines com

pared to those 
tw

o m
odelled in the E

E
S

 referral (Table B
-6). 

This analysis indicates that there is potential for ground level concentrations to be m
arginally higher 

than m
odelled (up to 1.3%

 for E
 class engines and 7.3%

 for F C
lass engines), relative to those 

m
odelled in the E

E
S

 referral and in this assessm
ent.  It is concluded how

ever that the assessm
ent 

conducted is adequate to confirm
 that the nom

inated beneficial uses of the air environm
ent w

ill be 
protected given that: 

�
C

oncentrations determ
ined by the dispersion m

odelling, undertaken for the E
E

S
 referral and this 

assessm
ent, are significantly below

 criteria (S
ection 5.1); and 

�
The assessm

ent conservatively assum
es all N

O
X  is N

O
2  (S

ection 4.8). 

C
onsequently, it is considered that, the engines m

odelled represent a reasonable assessm
ent of the 

engines under possible consideration. 

Table B
-6 

Indicative com
parison of the overall im

pact of the change in potential plum
e height 

coupled w
ith the N

O
X  m

ass rate m
odelled for other engines under consideration relative to 

those m
odelled in the EES referral. 

G
enerator
C

lass
E

 C
lass 

F C
lass 

M
anufacturer 

M
odel 

P
otential change 

in ground level N
O

X

concentrations 
M

odel

P
otential change 
in ground level 

N
O

X

concentrations 

Siem
ens 

SG
T5-2000E 

0.85%
 

SG
T5-4000F 

5.28%
 

G
E

 
9E

 
-9.44%

 
9FA

 
0.00%

Ansaldo 
V94.2 

1.33%
 

V94.3 
5.62%

 
A

lstom
AE13E2

0.00%
 

 
 

M
itsubishi 

 
 

M
701F4 

7.33%
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Executive Sum
m

ary 

U
R

S
 A

ustralia P
ty Ltd (U

R
S

) has been com
m

issioned by A
G

L E
nergy Lim

ited (A
G

L) to undertake a 
noise 

im
pact 

assessm
ent 

for 
the 

proposed 
gas-fired 

pow
er 

station 
at 

Tarrone, 
V

ictoria. 
This 

assessm
ent has been prepared in support of an E

P
A

 W
orks Approval application subm

itted for the 
proposed site. 

The likely noise issues pertaining to the proposed developm
ent include noise associated w

ith the 
construction and operation of the facility. The proposed site could operate at any tim

e thus an 
assessm

ent of sleep disturbance for the nearest potentially affected noise sensitive receptors has also 
been considered in this study. 

The nearest potentially affected noise sensitive receptor locations have been identified and the 
predicted 

noise 
im

pacts 
of 

the 
proposed 

site 
on 

these 
locations 

have 
been 

assessed 
w

ith 
consideration of the follow

ing relevant state legislation and guidelines: 

�
E

nvironm
ent P

rotection A
ct 1970 (V

ictoria);  
�

S
tate E

nvironm
ent P

rotection P
olicy (C

ontrol of N
oise from

 C
om

m
erce, Industry and Trade) N

o. 
N

-1, V
ictoria E

P
A

 1989; 
�

Interim
 guidelines for control of noise from

 industry in country V
ictoria N

3/89, V
ictoria E

P
A

, 1989 
�

N
oise C

ontrol G
uidelines, P

ublication 1254, V
ictoria E

P
A

, 2008 
�

E
nvironm

ent P
rotection (R

esidential N
oise) R

egulations 2008: R
egulatory Im

pact S
tatem

ent 
(P

ublication N
o 1230, June 2008), V

ictorian E
P

A
; 

�
G

uidelines for C
om

m
unity N

oise, W
orld H

ealth O
rganisation (W

H
O

), 1999; and 
�

N
oise from

 Industry in R
egional V

ictoria (N
IR

V
) – R

ecom
m

ended m
axim

um
 noise levels from

 
com

m
erce, industry and trade prem

ises in regional V
ictoria – D

raft for consultation, P
ublication 

1316, V
ictoria E

P
A

, 2009 

The noise lim
its have been conservatively established by adopting the low

est perm
issible noise lim

its 
to assess the proposed construction and operation w

ith the consideration of above guidelines and the 
background noise m

onitoring. D
etailed results of noise m

easurem
ents and the noise criteria applicable 

to the developm
ent are presented in S

ections 3 and 4. D
aily noise logging plots are also provided in 

A
ppendix D

. 

N
oise levels of the proposed construction and operation have been predicted using an acoustic 

com
puter m

odel created in S
oundP

LAN
 V

ersion 6.5. D
etails of the area’s topography, receptor 

locations and sound pow
er levels of the noise sources have been incorporated into the noise m

odel. 
Typical and ‘w

orst-case’ scenarios have been taken into consideration throughout the noise m
odelling. 

D
etailed results of the predictive m

odelling are provided in S
ections 5.3 and 5.6. 

O
n the basis of this assessm

ent, it is concluded that noise im
pacts of the proposed construction and 

operation of the pow
er station are not expected to degrade the existing acoustic environm

ent nor 
create annoyance to the com

m
unity surrounding the plant. 
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1Introduction

U
R

S
 A

ustralia P
ty Ltd (U

R
S

) has been com
m

issioned by A
G

L E
nergy Lim

ited (A
G

L) to undertake a 
noise im

pact assessm
ent for the proposed gas-fired pow

er station at Tarrone, in regional V
ictoria. 

Throughout this report, the proposed pow
er station w

ill sim
ply be referred to as ‘the site’. 

This assessm
ent has been prepared in support of an E

P
A

 W
orks A

pproval application for the 
proposed site. 

N
oise im

pacts associated w
ith the site’s proposed construction and operation have been assessed in 

accordance w
ith the requirem

ents of the E
nvironm

ent P
rotection A

ct 1970 (V
ictoria), and relevant 

guidelines of the V
ictorian E

nvironm
ent P

rotection A
uthority (E

P
A

), prim
arily the Interim

 G
uidelines for 

C
ontrol of N

oise from
 Industry in C

ountry V
ictoria N

3/89 (N
3/89), but w

ith consideration of the S
tate

E
nvironm

ent P
rotection P

olicy (C
ontrol of N

oise from
 C

om
m

erce, Industry and Trade) N
o.N

-1,N
oise 

C
ontrol G

uidelines TG
 302/92 and the D

raft G
uidelines – N

oise from
 Industry in R

egional V
ictoria 

(N
IR

V).

P
otential for sleep disturbance has also been assessed as the proposed developm

ent is a peaking 
pow

er station and could operate at any tim
e. 

1.1 
Scope of A

ssessm
ent 

The scope of this assessm
ent is to: 

�
P

rovide a description of the existing acoustic environm
ent and the proposed developm

ent; 
�

E
stablish appropriate project-specific noise criteria; 

�
P

redict potential noise im
pacts by m

eans of noise m
odelling and calculations; 

�
A

ssess predicted noise levels against the established noise criteria; 
�

P
rovide a statem

ent of potential noise im
pacts; and 

�
R

eport the findings of the assessm
ent. 
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2
2 Site and Project D

escription 

2.1 
Site Location 

The proposed pow
er station is located on a 75 hectare site approxim

ately 20 kilom
etres north of P

ort 
Fairy, in the Tarrone area of M

oyne S
hire C

ouncil, on the corner of R
iordans R

oad and Landers Lane. 

The site and surrounding land use is currently designated as a farm
ing zone. W

ithin the farm
ing zone 

are scattered farm
 houses; the closest dw

elling is approxim
ately 1.2 kilom

etres north-east of the site 
boundary and the closest dw

elling to the gas turbines is about 1.5 kilom
etres. 

The site and surrounding areas are relatively flat. 

2.2 
N

oise Sensitive R
eceptors 

The 
nearest 

potentially 
affected 

noise 
sensitive 

receptor 
locations 

have 
been 

identified 
from

 
exam

ination of aerial photographs using G
oogle E

arth P
ro (2009) and a site inspection conducted in 

D
ecem

ber 2008 as follow
s: 

Table 2-1 
N

oise Sensitive R
eceptors 

R
eceptor 

A
ddress 

A
pprox. D

istance from
 

G
as T

urbines 
N

earest S
ite 

B
oundary

A
 

R
iordans R

oad 
2250 m

 
S

W
 

B
 

386 Tarrone N
orth R

oad 
1750 m

 
N

E
C

 
426 Tarrone N

orth R
oad 

1550 m
 

N
E

D
 

473 Tarrone N
orth R

oad 
1700 m

 
E

E
 

573 Tarrone N
orth R

oad 
2050 m

 
S

E
F 

589 Tarrone N
orth R

oad 
2250 m

 
S

E
G

 
574 Tarrone N

orth R
oad 

1950 m
 

S
E

H
 

760 Tarrone N
orth R

oad 
3100 m

 
S

E

Figure 2-1 show
s the location of these receptors described above, together w

ith a reference 1 
kilom

etre radius circle from
 the centre of the site. 

2.3 
Project D

escription 
A

G
L proposes developm

ent of an open-cycle gas turbine peaking (O
C

G
T) pow

er station in tw
o 

stages. The ultim
ate capacity of the pow

er station w
ill depend on the type of turbine that is selected for 

the final design. O
ption A

 m
ay consist of four E

 class turbines (w
ith nom

inal capacity of approxim
ately 

720 M
W

) and O
ption B

 m
ay consist of three F class turbines (w

ith nom
inal capacity of approxim

ately 
920 M

W
). The pow

er station facility w
ould also include lay-dow

n area and an electrical substation. 
E

ach gas turbine area w
ould consist of a m

ain enclosure housing the turbines, an exhaust stack and 
transform

er.  

A
G

L and M
eridian E

nergy are considering developm
ent of the approved M

acarthur W
ind Farm

 located 
approxim

ately 10 kilom
etres north of the proposed pow

er station site. P
ow

er from
 the w

ind farm
 w

ould 
be connected to the 500 kV

 electricity grid at a new
 500 kV

 substation at the site proposed for the 
pow

er station. 
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The proposed pow
er station w

ould supply electricity to the grid using the electrical connection on the 
site. G

as w
ould be supplied to the pow

er station from
 a new

 gas lateral (approxim
ately 8-10km

 in 
length) connecting to the existing S

E
A

 G
as P

ort C
am

pbell to A
delaide pipeline.  

Tw
o pipeline corridors are currently being investigated; an east-w

est corridor to the S
E

A
 G

as P
ipeline 

at W
illatook and a north-south corridor to the S

E
A

 G
as P

ipeline to the north of H
eyw

ood-W
oolsthorpe 

R
oad. 

The facility w
ould typically operate during periods of peak electricity dem

and associated w
ith the 

m
orning and evening peaks, particularly at tim

es of extrem
e w

eather, how
ever m

ay operate at any 
tim

e during the day or night and at any tim
e of the year. Therefore, the noise study has considered all 

w
eather conditions and all tim

es of day and night.  
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Figure 2-1 
A

erial Photo Show
ing Site and R

eceptor Locations 
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Figure 2-2 Preliminary Site Layout  
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3 Existing A

coustic Environm
ent 

3.1 
N

oise M
easurem

ent M
ethodology 

N
oise m

easurem
ents have been conducted by long-term

 unattended m
onitoring and short-term

 
attended m

onitoring at selected noise sensitive receptors.  

A
ll the noise m

easurem
ents w

ere undertaken in general accordance w
ith A

S
1055:1997 “A

coustics – 
D

escription and M
easurem

ent of E
nvironm

ental N
oise”, consistent w

ith A
ppendix A

 of the S
tate

E
nvironm

ent P
rotection P

olicy (C
ontrol of N

oise from
 C

om
m

erce, Industry and Trade) N
o. N

-1.

The equipm
ent detailed in Table 3-1 w

as used in our survey. These instrum
ents com

ply w
ith A

S
 IE

C
 

61672.1 – 2004 “E
lectroacoustics – S

ound level m
eters – S

pecifications” and A
S

 IE
C

 60942-2004: 
“E

lectroacoustics - S
ound C

alibrators” as appropriate, and have a recent calibration certificate 
traceable to a N

A
TA

 certified laboratory.  

Table 3-1 
Equipm

ent used for noise survey 

M
onitoring  

Item
 

M
ake 

M
odel 

T
ype 

N
oise logger 

A
coustic R

esearch Laboratories (A
R

L) 
E

L316 
Type 1 

Long-term
 

unattended 
C

alibrator 
R

ion 
N

C
73 

C
lass 1 

Sound level m
eter 

Larson D
avis 

LXT1 
Type 1 

S
hort-term

attended 
C

alibrator 
Larson D

avis 
C

A
L250 

C
lass 1 

The long-term
 noise m

onitoring w
as undertaken using the A

R
L noise loggers. The noise loggers w

ere 
positioned w

ith the m
icrophones at 1.2 m

etres above ground level and w
ere set to statistically process 

and store the m
easured noise levels every 15 m

inutes for the w
hole m

onitoring period. The noise 
loggers w

ere calibrated before logging and the calibration w
as checked after logging using an acoustic 

calibrator. N
o significant discrepancies (greater than 0.3 dB

) w
ere noticed in the reference calibration 

sound signals pre and post m
easurem

ents. 

W
hen analysing m

easured long-term
 noise levels, it is a usual practice to m

ake reference to the 
m

eteorological data provided by the nearest B
ureau of M

eteorology (B
O

M
) A

utom
atic W

eather S
tation 

(A
W

S
) to the site. H

ow
ever, given the distance separation betw

een the nearest m
et station (P

ort Fairy 
A

W
S

 ID
: 90175) and the noise logging locations, the analysis of the m

easured data w
as considered 

but not reliant on the m
eteorological data. The trend of background noise during each m

onitoring 
period has been exam

ined, and any noise m
onitoring periods affected by likely extraneous noise w

ere 
excluded from

 the final data analysis. 

The short-term
 attended noise m

onitoring w
as undertaken using a sound level m

eter w
hich w

as 
positioned for each m

easurem
ent w

ith the m
icrophone approxim

ately 1.2 m
etres above the ground 

level. The sound level m
eter w

as calibrated using an acoustic calibrator before m
easurem

ent sessions 
and the calibration w

as checked at the end of m
easurem

ent sessions. N
o significant discrepancies 

(greater 
than 

0.1 
dB

) 
w

ere 
noted 

in 
the 

reference 
calibration 

sound 
signals 

pre 
and 

post 
m

easurem
ents.  

The short-term
 noise m

onitoring w
as conducted on w

arm
 days w

ith slight w
ind gusts (average speed 

of less than 3 m
/s) and partial cloud cover. The w

eather conditions during the m
easurem

ent periods 
w

ould not have adversely affected the results. 
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3.2 
N

oise M
easurem

ent Locations 
N

oise m
onitoring locations w

ere chosen after exam
ination of satellite im

agery of the locality and a site 
inspection. C

onsideration w
as given in selecting the m

onitoring locations to enable unattended long-
term

 noise m
onitoring to establish a representation of the natural environm

ent at each receptor 
location.  

The tw
o m

ost representative noise sensitive receptor locations w
ere selected for the long-term

 noise 
m

onitoring, and several short-term
 attended locations w

ere chosen to supplem
ent the long-term

 noise 
m

onitoring. These locations are considered representative of the m
ost potentially affected noise 

sensitive receptor locations near the site. 

A
 brief description of each m

easurem
ent location and the noise sources identified by the m

onitoring is 
given below

: 

�
Location D

: A
t 473 Tarrone N

orth R
oad, located approxim

ately 1,600 m
etres to the north-east of 

the proposed location of the gas turbines on site. This location w
as used for long-term

 unattended 
noise m

onitoring to obtain background noise levels representative of Locations B
, C

 and D
.  

The predom
inant noise sources at this location w

ere local fauna (birds) and occasional road traffic 
during the daytim

e period and local fauna (birds and insects) during the evening and the night-tim
e 

period. N
o industrial noise w

as audible at this location. 

S
hort-term

 attended noise m
easurem

ents w
ere also conducted at this location to supplem

ent the 
long-term

 noise m
onitoring. 

�
Location G

: A
t 574 Tarrone N

orth R
oad, located approxim

ately 1,800 m
etres to the south-east of 

the proposed location of the gas turbines on site. This location w
as utilised for long-term

 
unattended noise m

onitoring to obtain background noise levels representative of Locations A
, E

, F, 
G

 and H
. Location A

 has been included in this group as the noise logging at Location G
 w

ould have 
been less affected by road traffic noise from

 Tarrone N
orth R

oad than at Location D
, therefore the 

noise logging at Location G
 w

hich w
ould have better represented the background noise at Location 

A.The predom
inant noise sources at this location w

ere local fauna (birds) and occasional road traffic 
during the daytim

e period and local fauna (birds and insects) during the evening and night-tim
e 

period. N
o industrial noise w

as audible at this location. 

S
hort-term

 attended noise m
easurem

ents w
ere also conducted at this location to supplem

ent the 
long-term

 noise m
onitoring. 

�
S

hort-term
 attended noise m

easurem
ents w

ere conducted at Locations A
, B

, C
, E

 and F. 
B

ackground noise levels at these locations have found to be sim
ilar to those at Locations D

, G
 and 

H
.

3.3 
N

oise M
easurem

ent R
esults 

The results of the long-term
 noise m

onitoring are sum
m

arised in Table 3-3, Table 3-4 and Table 3-5. 
The results of the short-term

 noise m
onitoring are sum

m
arised in Table 3-6. A

ny 15-m
inute period 

affected by adverse w
eather conditions or likely extraneous noise w

ere excluded from
 calculation. 

D
aily noise m

onitoring plots are provided in A
ppendix D

. 
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For the purpose of this assessm
ent, the follow

ing tim
e of day is defined: 

 Table 3-2 
Tim

e of D
ay 

T
im

e of D
ay 

T
im

e 

D
ay 

7.00 am
 – 6.00 pm

: M
onday to S

aturday / 8.00 am
 – 6.00 pm

: S
undays and public holidays 

E
vening 

6.00 pm
 – 10.00 pm

: A
ll days 

N
ight

10.00 pm
 – 7.00 am

: M
onday to S

aturday / 10.00 pm
 – 8.00 am

: S
undays and public holidays 

Table 3-3 
M

easured N
oise Levels - 473 Tarrone N

orth R
oad (D

) 

B
ackground N

oise Level      
L

A
90  dB

(A
) 

A
m

bient N
oise Level

L
A

eq  dB
(A

) 
D

ate

D
ay 

E
vening 

N
ight 

D
ay 

E
vening 

N
ight 

Tuesday, 3 February 2009 
 

30 
26

 
48 

39 
W

ednesday, 4 February 2009 
30 

27 
24 

45 
48 

39 
Thursday, 5 February 2009 

31 
28 

26 
46 

48 
37 

Friday, 6 February 2009 
27 

26 
26 

46 
50 

39 
Saturday, 7 February 2009 

31 
30 

27 
47 

47 
35 

Sunday, 8 February 2009 
30 

27 
23 

45 
43 

38 
M

onday, 9 February 2009 
32 

25 
23 

45 
50 

41 
Tuesday, 10 February 2009 

31 
-

-
49 

- 
-

W
ednesday, 11 February 2009 

- 
30

-
- 

45 
- 

Thursday, 12 February 2009 
- 

-
24

-
- 

38 
Friday, 13 February 2009 

30
 

44 
R

epresentative Value 
31 

28 
25 

46 
48 

38 
N

otes:
�

A
ll m

easurem
ents in periods show

ing “-” w
ere affected by extraneous noise. 

Table 3-4 
M

easured N
oise Levels - 574 Tarrone N

orth R
oad (G

) 

B
ackground N

oise Level      
L

A
90  dB

(A
) 

A
m

bient N
oise Level

L
A

eq  dB
(A

) 
D

ate

D
ay 

E
vening 

N
ight 

D
ay 

E
vening 

N
ight 

Tuesday, 3 February 2009 
31 

24 
 

45 
40 

W
ednesday, 4 February 2009 

34 
29 

24 
45 

44 
32 

Thursday, 5 February 2009 
36 

28 
24 

46 
44 

37 
Friday, 6 February 2009 

33 
29 

26 
45 

43 
39 

Saturday, 7 February 2009 
33 

37 
25 

45 
47 

35 
Sunday, 8 February 2009 

30 
30 

23 
47 

42 
36 

M
onday, 9 February 2009 

32 
27 

23 
47 

43 
37 

Tuesday, 10 February 2009 
33 

-
-

49 
- 

-
W

ednesday, 11 February 2009 
- 

37
-

- 
46 

- 
Thursday, 12 February 2009 

- 
-

24
-

- 
38 

Friday, 13 February 2009 
34

 
45 
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B
ackground N

oise Level      
L

A
90  dB

(A
) 

A
m

bient N
oise Level

L
A

eq  dB
(A

) 
D

ate

D
ay 

E
vening 

N
ight 

D
ay 

E
vening 

N
ight 

R
epresentative Value 

33 
29 

24 
46 

45 
38 

N
otes:

�
A

ll m
easurem

ents in periods show
ing “-” w

ere affected by extraneous noise. 

The daily noise logging results generally show
 consistent noise levels throughout each daily period at 

both locations. The results at both m
onitoring locations show

 sim
ilar trend and background noise 

levels.

A
n overall representative am

bient noise level (A
L) is determ

ined by logarithm
ic averaging of the noise 

level data from
 each assessm

ent period for the entire m
onitoring period, and background noise level 

(B
L) is determ

ined by taking the m
edian value of the data from

 each assessm
ent period for the entire 

m
onitoring period. Table 3-5 presents a sum

m
ary of overall am

bient and background noise levels and 
at each m

onitoring location. 

Table 3-5 
Sum

m
ary of M

easured N
oise Levels 

B
ackground N

oise Level (B
L) 

L
A

90  dB
(A

) 
A

m
bient N

oise Level (A
L)      

L
A

eq  dB
(A

) 
Location

D
ay 

E
vening 

N
ight 

D
ay 

E
vening 

N
ight 

D
: 473 Tarrone N

orth R
oad 

31 
28 

25 
45 

45 
38 

G
: 574 Tarrone N

orth R
oad 

33 
29 

24 
46 

44 
37 

The background noise levels presented above w
ere used to derive the noise lim

its for the noise 
im

pact assessm
ent of the proposed construction and operation of the site w

hich is described in 
S

ection 4.2 of this report. 

Table 3-6 presents the short-term
 attended noise m

easurem
ent results. 

Table 3-6 
A

ttended M
easurem

ent R
esults 

Location 
D

ate / T
im

e 
B

ackground
L

A
90 (5-10m

in)

dB
(A

)

A
m

bient
L

A
eq (5-10m

in)

dB
(A

)
C

om
m

ents

Tuesday, 3 February 
2009 / 11:30 pm

 
26 

28 
E

nvironm
ent governed by local 

fauna (insects). N
o other noise 

w
as noted. 

AR
iordans R

oad 
W

ednesday, 4 
February 2009 / 
8:15 am

 
33 

36 
E

nvironm
ent governed by local 

fauna (birds and cattle). N
o 

industrial noise w
as noted. 

W
ednesday, 4 

February 2009 / 
12:25 am

 
27 

29 
E

nvironm
ent governed by local 

fauna (insects). N
o other noise 

w
as noted. 

B426 Tarrone N
orth 

R
oad 

W
ednesday, 4 

February 2009 / 
8:45 am

 
39 

44 

E
nvironm

ent governed by 
occasional road traffic on Tarrone 
N

orth R
oad and local fauna 

(birds and cattle). N
o other noise 

w
as noted. 
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Location 
D

ate / T
im

e 
B

ackground
L

A
90 (5-10m

in)

dB
(A

)

A
m

bient
L

A
eq (5-10m

in)

dB
(A

)
C

om
m

ents

W
ednesday, 4 

February 2009 / 
12:35 am

 
27 

28 
E

nvironm
ent governed by local 

fauna (insects). N
o other noise 

w
as noted. 

C386 Tarrone N
orth 

R
oad 

W
ednesday, 4 

February 2009 / 
8:40 am

 
41 

44 

E
nvironm

ent governed by 
occasional road traffic on Tarrone 
N

orth R
oad and local fauna 

(birds and cattle). N
o other noise 

w
as noted. 

W
ednesday, 4 

February 2009 / 
12:10 am

 
27 

28 
E

nvironm
ent governed by local 

fauna (insects). N
o other noise 

w
as noted. 

D473 Tarrone N
orth 

R
oad 

W
ednesday, 4 

February 2009 / 
8:45 am

35 
37 

E
nvironm

ent governed by 
occasional road traffic on Tarrone 
N

orth R
oad and local fauna 

(birds and cattle). N
o other noise 

w
as noted. 

E573 Tarrone N
orth 

R
oad 

W
ednesday, 4 

February 2009 / 
8:30 am

 
42 

45 

E
nvironm

ent governed by 
occasional road traffic on Tarrone 
N

orth R
oad and local fauna 

(birds and cattle). N
o other noise 

w
as noted. 

F589 Tarrone N
orth 

R
oad 

W
ednesday, 4 

February 2009 / 
8:50 am

 
39 

43 

E
nvironm

ent governed by 
occasional road traffic on Tarrone 
N

orth R
oad and local fauna 

(birds and cattle). N
o other noise 

w
as noted. 

Tuesday, 3 February 
2009 / 11:45 pm

 
27 

30 
E

nvironm
ent governed by local 

fauna (insects). N
o other noise 

w
as noted. 

G574 Tarrone N
orth 

R
oad 

W
ednesday, 4 

February 2009 / 
8:25 am

 
40 

43 

E
nvironm

ent governed by 
occasional road traffic on Tarrone 
N

orth R
oad and local fauna 

(birds and cattle). N
o other noise 

w
as noted. 

The results from
 the attended noise m

onitoring show
 that the m

easured night-tim
e background noise 

levels are consistent w
ith the results from

 the long-term
 m

onitoring. It also show
s that the background 

noise levels m
easured during early m

orning period (day) are m
uch higher than the long-term

 
m

onitoring results (w
hich is the average levels over 11 hour period). This w

as attributed to the road 
traffic during the m

orning period.  

It is noted that noise m
onitoring has not been conducted at Location H

. H
ow

ever, considering the 
natural environm

ent in the vicinity of these receptors, background noise levels obtained from
 

Locations D
 and G

 have been adopted to establish noise criteria at these locations. It is our opinion 
that this approach provides a conservative assessm

ent for these locations. 
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4 Project A
coustic C

riteria 

4.1 
Legislation and G

uidelines 
The potential noise im

pacts of the site have been assessed w
ith consideration of the follow

ing 
docum

ents: 

�
V

ictoria E
P

A
, Interim

 G
uidelines for C

ontrol of N
oise from

 Industry in C
ountry V

ictoria N
3/89 

(N
3/89); 

�
V

ictoria E
P

A
, S

tate E
nvironm

ent P
rotection P

olicy (S
E

P
P

) (C
ontrol of N

oise from
 C

om
m

erce, 
Industry and Trade) N

o.N
-1;

�
V

ictoria E
P

A
, N

oise C
ontrol G

uidelines (P
ublication 1254, 2008);

�
V

ictoria E
P

A
, E

nvironm
ent P

rotection (R
esidential N

oise) R
egulations 2008: R

egulatory Im
pact 

S
tatem

ent (P
ublication N

o 1230, June 2008); 
�

W
orld H

ealth O
rganisation (W

H
O

), G
uidelines for C

om
m

unity N
oise; and

�
V

ictoria E
P

A
, N

oise from
 Industry in R

egional V
ictoria (N

IR
V) – R

ecom
m

ended m
axim

um
 noise 

levels from
 com

m
erce, industry and trade prem

ises in regional V
ictoria – D

raft for consultation
(P

ublication 1316, D
ecem

ber 2009). 

S
tate E

nvironm
ent P

rotection P
olicy (SE

P
P

) (C
ontrol of N

oise from
 C

om
m

erce, Industry and Trade) 
N

o.N
-1 (S

E
P

P
 N

o. N
-1) only applies to the M

elbourne m
etropolitan area or in provincial cities and 

rural areas w
here background noise levels are com

parable to M
etropolitan. S

E
P

P
 N

o. N
-1 provides 

m
andatory noise lim

its w
hich m

ust be achieved. In country areas, N
3/89 and the draft N

IR
V

 provide 
guidance on appropriate lim

its, w
ith recognition of the very low

 background noise levels that often 
occur. U

nlike S
E

P
P

 N
-1, N

3/89 and N
IR

V
 are not m

andatory and the application of noise lim
its is for 

guidance only. The N
3/89 and the N

oise C
ontrol 

G
uidelines 

(P
ublication 1254) are therefore 

considered to be the m
ost appropriate docum

ents to assess potential noise im
pacts from

 the site. This 
assessm

ent has also considered the draft N
IR

V
 issued for public com

m
ent in D

ecem
ber 2009.  

The relevance of these guidelines is outlined in the follow
ing sections. 

4.2 
O

perational N
oise C

riteria 

4.2.1 
Victoria EPA

 Interim
 G

uidelines N
3/89 

R
ural areas often have very low

 background noise levels. W
hile ideally, noise from

 new
 activities 

should not be significantly higher than the existing background, N
3/89 recognises that this is often not 

practicable to achieve.  N
3/89 provides the follow

ing m
inim

um
 noise lim

its. 

Table 4-1 
N

3/89 m
inim

um
 noise lim

its 

 
D

ay 
E

vening 
N

ight 

B
ackground noise level (L

A
90 ) 

< 30 dB
(A

) 
< 30 dB

(A
) 

< 25 dB
(A

) 
N

oise lim
it (L

A
eq )

45 dB
(A

) 
37 dB

(A
) 

32 dB
(A

) 
N

otes:
S

ee
Table 3-2 for Tim

e of D
ay 

G
iven that the m

easured background noise levels w
ere close or below

 to the ‘very low
’ threshold, it is 

appropriate to apply the m
inim

um
 noise lim

its in all locations. S
E

P
P

 N
-1 provides a procedure for 

adjusting noise levels for special audible characteristics such as tonality and im
pulsiveness.  
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N
3/89 does not specify w

hich acoustic descriptor (e.g. L
A

eq , L
A

10 , or L
A

m
ax ) should be used to describe 

the noise lim
its. H

ow
ever, use of the L

A
eq  is consistent w

ith the requirem
ents set out in the V

ictoria 
E

P
A

 S
E

P
P

 N
o.N

-1. 

Table 4-2 sum
m

arises the selected operational noise criteria applicable to all receptor locations. 

Table 4-2 
N

3/89 O
perational N

oise Lim
it 

O
perational N

oise Lim
it 

L
A

eq,15m
in  dB

(A
) 

R
eceptor Locations 

D
ay 

E
vening  

N
ight 

A
, B

, C
, D

, E
, F, G

 and H
 

45
37

32
N

otes:
S

ee
Table 3-2 for Tim

e of D
ay 

4.2.2 
Victoria EPA

 D
raft G

uidelines – N
IR

V 
S

E
P

P
 N

-1 is the statutory policy for industry noise in the M
etropolitan R

egion. It sets allow
able noise 

levels based on the land zoning and the background sound levels in the area. 

The E
P

A
 last released guidelines for rural industrial noise in 1989 (N

3/89), w
hich recom

m
ends low

 
noise levels to be m

et in very quiet rural areas, and describes areas w
here the m

ethodology of S
E

P
P

 
N

-1 should be applied to set recom
m

ended levels. H
ow

ever, the guidelines have not provided 
certainty about the appropriate noise levels in other areas, such as industrial zones in sm

aller tow
ns, 

or in the outskirts of M
elbourne and m

ajor regional centres. 

The draft N
IR

V
 aim

s to address gaps in this existing guidance and provide greater certainty and 
transparency in the setting of appropriate noise levels for industry. The N

IR
V

 w
ill supersede the N

3/89 
w

hen issued in its final form
. 

S
ection 3 of the N

IR
V

 provides steps to determ
ine recom

m
ended m

axim
um

 noise levels for different 
land uses.  

Taking into consideration: 

�
Location of the project: rural area – S

tep 1; 
�

G
enerating Zone: S

pecial U
se (S

U
Z) and R

eceiving Zone: Farm
ing (FZ) – S

tep 2; 
�

A
djustm

ents to the zone levels accounting for distance betw
een the noise source and receiver – 

S
tep 3; 

�
C

heck S
tep 3 noise levels against the m

inim
um

 noise levels – S
tep 4 and 5; and 

�
P

lanning noise lim
its for quiet areas – S

tep 6b. 

The noise lim
its for each period are 45 dB

(A
) for day, 37 dB

(A
) for evening and 32 dB

(A
) for night. 

It also states in S
tep 6a (i.e. M

ultiple noise contributors) that the recom
m

ended noise lim
its w

ill 
becom

e 3 dB less than the above lim
its if the industrial prem

ises are on an allotm
ent greater than 10 

ha in any zone w
here expansion of the industrial prem

ises is likely to occur, w
hich is not currently 

anticipated. 

Table 4-3 presents the N
IR

V
 noise lim

its according to the steps explained above. 
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Table 4-3 
N

IR
V O

perational N
oise Lim

it 

O
perational N

oise Lim
it 

L
A

eq,15m
in  dB

(A
) 

N
o S

ite E
xpansion in future 

O
perational N

oise Lim
it 

L
A

eq,15m
in  dB

(A
)                

S
ite E

xpansion in future 
R

eceptor Locations 

D
ay 

E
vening 

N
ight 

D
ay 

E
vening  

N
ight 

A
, B

, C
, D

, E
, F, G

 and H
 

45
37 

32 
42 

34 
29 

N
otes:

S
ee

Table 3-2 for Tim
e of D

ay 

4.2.3 
C

om
parison of N

3/89 and N
IR

V N
oise C

riteria 
Table 4-4 presents com

parison of noise criteria established in accordance w
ith N

3/89 and N
IR

V 
respectively.  

O
n the condition that A

G
L does not propose any expansion to the project site, it can be seen that both 

N
3/89 and N

IR
V

 criteria are identical. 

Table 4-4 
N

oise C
riteria: N

3/89 and N
IR

V 

G
uideline 

D
ay 

E
vening 

N
ight 

N
3/89 N

oise C
riteria L

A
eq,15m

in  dB(A) 
45 

37 
32 

N
IR

V
 N

oise C
riteria L

A
eq,15m

in  dB
(A

) – N
o site expansion in future 

45 
37 

32 
N

IR
V

 N
oise C

riteria L
A

eq,15m
in  dB

(A
) – S

ite E
xpansion in future 

42 
34 

29 
N

otes: 
A

G
L does not propose any expansion to the project site. 

4.2.4 
Sleep D

isturbance 
In addition to the criteria in 4.2.1 and 4.2.2, an assessm

ent of sleep disturbance for the potentially 
affected noise sensitive receptors has also been considered in this study. W

here there exists the 
possibility that instantaneous, short-duration, high-level noise events m

ay occur during night-tim
e 

hours (10.00 pm
 – 7.00 am

), consideration should be given to the potential for the disturbance of sleep 
w

ithin residences. 

V
ictoria 

E
P

A 
E

nvironm
ent 

P
rotection 

(R
esidential 

N
oise) 

R
egulations 

2008: 
R

egulatory 
Im

pact 
S

tatem
ent m

akes reference to the W
orld H

ealth O
rganisation (W

H
O

)’s G
uidelines for C

om
m

unity 
N

oise (B
erglund B

, Lindvall T and S
chw

ela D
 H

 1999) for sleep disturbance caused by noise im
pacts.  

The W
H

O
 suggests that the m

axim
um

 noise level (L
A

m
ax ) inside bedroom

 should be lim
ited to 45 

dB
(A

). W
hen considering internal noise levels from

 an external noise source, it is com
m

on practice to 
assum

e that w
indow

s are partially open to allow
 natural ventilation on w

arm
 nights. 

The noise reduction through partially opened w
indow

s is estim
ated to be 10 dB

(A
), as specified in 

A
S

 3671-1989: A
coustics – R

oad Traffic N
oise Intrusion – B

uilding S
iting and C

onstruction [SEPP N
-1 

provides adjustm
ents for closed w

indow
s and façades (15 dB(A

)) and doubled glazed w
indow

s 
(25 dB

(A)) but not open w
indow

s].  

To achieve the internal noise levels described above, the noise levels outside bedroom
 w

indow
s, 

should be lim
ited to 55 dB

(A
) L

A
m

ax .



N
oise Im

pact Assessm
ent - Tarrone Pow

er S
tation 

4 Project A
coustic C

riteria 

14
43283491/N

IA
/10 

4.2.5 
Low

 Frequency N
oise 

Low
 frequency noise is usually defined as sound betw

een 20H
z and 200H

z (frequencies below
 20H

z 
are considered to represent infrasound).  In the absence of specific guidelines to assess low

 
frequency noise for V

ictoria, U
R

S
 has considered the follow

ing noise policy and guidelines to assess 
potential low

 frequency noise im
pacts:  

�
N

S
W

 Industrial N
oise P

olicy (IN
P

, N
S

W
 E

P
A

, 2000) 
�

A
 review

 of P
ublished R

esearch on Low
 Frequency N

oise and its E
ffects, R

eport for D
epartm

ent 
for E

nvironm
ent, Food and R

ural A
ffairs (D

E
FR

A
, U

K
) by D

r G
eoff Leventhall, 2003 

�
P

roposed criteria for the assessm
ent of low

 frequency noise disturbance, prepared for U
K

 D
EFR

A
 

by D
r. A

ndy M
oorhouse, D

r. D
avid W

addington, D
r. M

ags A
dam

s, 2005 
�

P
rocedure for the assessm

ent of low
 frequency noise com

plaints, prepared for U
K

 D
E

FR
A

 by D
r. 

A
ndy M

oorhouse, D
r. D

avid W
addington, D

r. M
ags A

dam
s, 2005  

�
A

 N
oise Lim

it on Low
 Frequency N

oise E
m

ission due to P
ow

er P
lants, (V

ic, A
ustralia), D

r. N
. 

B
roner, 2008 

�
P

roposed C
riteria for Low

 Frequency N
oise from

 C
om

bustion Turbine P
ow

er P
lants, N

oise – C
on 

2004, B
altim

ore, M
aryland, G

. F. H
asseler Jr, 2005 

�
P

roposed C
riteria for Low

 Frequency Industrial N
oise in R

esidential C
om

m
unities, Journal of Low

 
Frequency N

oise, V
ibration and A

ctive C
ontrol 24, N

o 2, G
. F. H

essler Jr, 2005 
�

A
N

S
I S

12.9 – 2005/ P
art 4 Q

uantities and P
rocedures for D

escription and M
easurem

ent of 
E

nvironm
ental S

ound – Part 4: N
oise A

ssessm
ent and P

rediction of Long-term
 C

om
m

unity 
R

esponse 
�

U
S

 O
regon D

epartm
ent of E

nvironm
ental Q

uality, N
oise C

ontrol R
egulations for Industry and 

C
om

m
erce O

AR
 340-035-0035 

�
N

S
W

 Leafs G
ully G

as Turbine P
ow

er S
tation – N

oise &
 V

ibration A
ssessm

ent, W
ilkinson M

urray, 
2008

�
N

S
W

 Leafs G
ully G

as Turbine P
ow

er S
tation – D

irector G
eneral’s R

eport and Project A
pproval 

issued by N
SW

 D
epartm

ent of P
lanning 

The N
SW

 IN
P

 recom
m

endations for low
 frequency noise involve an assessm

ent to be conducted on 
the difference betw

een C
 and A

 w
eighted levels. The m

ost com
m

on frequency w
eighting in current 

use is “A
-w

eighting” providing results usually denoted as dB
(A

), and approxim
ates the response of the 

hum
an ear at low

 sound levels. A
n alternative “C

-w
eighting” curve is often used w

hen evaluating loud 
or low

-frequency sounds. The IN
P

 states that if a 15 dB
 difference exists betw

een the A
 and C

 
w

eighted levels, a correction of - 5 dB
 is to be applied to the noise lim

it. This approach provides an 
assessm

ent for potential for low
 frequency noise.  

H
ow

ever, recent international research has show
n that the use of this difference approach is not 

suitable w
hen the noise levels are tend tow

ards the low
erlow

 frequencies, since the low
 frequencies 

m
ay then be below

 the threshold of hearing levels (A
 review

 of P
ublished R

esearch on Low
 Frequency 

N
oise and its E

ffects, R
eport for D

epartm
ent for E

nvironm
ent, Food and R

ural A
ffairs (U

K
) by D

r G
eoff 

Leventhall, 2003). C
urrent research suggests that (dB

(C
) – dB(A

)) difference should not be used as an 
annoyance predictor, but as a sim

ple indicator of w
hether further investigation m

ay be necessary (Low
Frequency N

oise and A
nnoyance, N

oise &
 H

ealth 2004, 6:23, 59-72).  D
E

FR
A

 developed a procedure 
to assess low

 frequency noise as follow
s: 

�
Take m

easurem
ents of L

eq, L
10  and L

90  in third octave bands betw
een 10 H

z and 160 H
z. 
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�
If the L

eq , taken over a tim
e w

hen the noise is said to be present, exceeds the values in Table 4-5 , 
it m

ay indicate a source of low
 frequency that could cause disturbance. The character of the sound 

should be checked if possible by playing back an audio recording at an am
plified level. 

Table 4-5 
Low

 Frequency R
eference C

urve 

H
z 

10 
12 

16 
20 

25 
31.5 

40 
50 

63 
80 

100 
125 

160 

dB 
92 

87 
83 

74 
64 

56 
49 

43 
42 

40 
38 

36 
34 

�
If the noise occurs only during the day then 5 dB

 relaxation m
ay be applied to all third octave 

bands. 
�

If the noise is steady then a 5 dB
 relaxation m

ay be applied to all third octave bands. A
 noise is 

considered steady if either of the conditions a) or b) below
 is m

et: 

—
a). L

10  - L
90  < 5 dB

 
—

b). the rate of change of sound pressure level (Fast tim
e w

eighting) is less than 10 dB
 per 

second 

w
here the param

eters are evaluated in the third octave band w
hich exceeds the reference curve 

values (Table 4-5) by the greatest m
argin. 

For protecting residential areas against potential low
 frequency noise issues caused by com

bustion 
turbine open cycle plants, H

essler proposed C
-w

eighted levels supplem
entary to the A

-w
eighted site 

criteria as follow
s: 

�
For interm

ittent daytim
e only or seasonal source operation:  

—
70 dB

(C
) for norm

al suburban/urban residential areas, w
here background level (L

A
90 ) is higher 

than 40 dB
(A), 

—
65 dB

(C
) for quiet suburban or rural residential areas, w

here background level (L
A

90 ) is low
er 

than 40 dB
(A), and 

�
For extensive or 24/7 source operation: 

—
65 dB

(C
) for norm

al suburban/urban residential areas, w
here background level (L

A
90 ) is higher 

than 40 dB
(A), 

—
60 dB

(C
) for very quiet suburban or rural residential areas, w

here background level (L
A

90 ) is 
low

er than 40 dB
(A

), 

A
N

S
I S

12.9 – 2005/P
art 4 indicates that annoyance is generally m

inim
al w

hen octave band sound 
levels are less than 67 dB(C

) and less than 72 dB(C
) to prevent the likelihood of noise-induced rattles. 

The U
S

 O
regon S

tate N
oise C

ontrol R
egulations for industrial and com

m
ercial noise sources suggest 

the allow
able low

 frequency noise level for the night-tim
e period (10 pm

 – 7 am
) to be 65 dB(C

) and 
for the daytim

e period (7 am
 – 10 pm

) to be 68 dB
(C

). 

In a review
 of recent international research, including som

e of the aforem
entioned papers, D

r. B
roner 

(A
 N

oise Lim
it on Low

 Frequency N
oise E

m
ission due to P

ow
er P

lants, 2008) suggested a low
 

frequency noise criterion of L
eq  65 dB

(C
) – 70 dB

(C
) for residential locations.   
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The proposed Tarrone pow
er station w

ould operate interm
ittently, there w

ill be a seasonal com
ponent 

(associated w
ith peak electricity dem

and) to its operation, and it is proposed to be located in a rural 
area w

ith background noise levels below
 40 dB

(A).  Therefore, it is considered that L
eq  65 dB

(C
) is the 

m
ost appropriate criterion to adopt for a low

 frequency noise assessm
ent for this project.  For practical 

purposes this is taken to be sound from
 the 25H

z third octave band to the 200H
z third octave band. 

W
e note that this criterion is consistent w

ith that im
posed for A

G
L's m

ost recently approved pow
er 

station developm
ent in Leafs G

ully, N
SW

.  The Leafs G
ully pow

er station is to be located in a rural 
area w

here background noise levels are sim
ilar to those of Tarrone.  A

s part of the im
pact assessm

ent 
process, relevant overseas research related to assessm

ent of the potential for low
 frequency noise 

im
pact w

as review
ed. A

s discussed previously w
ithin this section, the research indicated that the use 

of the approach provided in the N
S

W
 Industrial N

oise P
olicy (IN

P) is not suitable w
hen the predicted 

resultant noise levels are low
.  N

SW
 D

epartm
ent of P

lanning w
as satisfied w

ith A
G

L's assessm
ent 

m
ethodology proposed for the project that a noise level not greater than 65 dB

(C
) is unlikely cause low

 
frequency noise annoyance im

pacts at sensitive receptors.  A
ccordingly, the D

epartm
ent concluded 

that the 5 dB
(A

) adjustm
ent to the noise criteria is only to be applied if the difference betw

een the C
 

and A
-w

eighted noise levels is greater than or equal to 15 dB
 w

hen the m
easured noise levels is 

greater than 65 dB
(C

). 

4.3 
C

onstruction N
oise C

riteria 
The V

ictoria E
P

A
 Interim

 G
uidelines for C

ontrol of N
oise from

 Industry in C
ountry V

ictoria N
3/89 

(N
3/89) also sets out the daytim

e construction noise lim
it, w

hich is to be 10 dB
 above the low

est 
perm

issible daytim
e noise lim

it, except w
here this w

ould result in a lim
it greater than 68 dB

(A). 

The construction noise lim
it applicable to the site is therefore 45 + 10 = 55 dB

(A
) L

A
eq .

The E
P

A
 N

oise C
ontrol G

uidelines (P
ublication 1254, 2008) also provide guidelines for construction 

noise as follow
s: 

�
N

orm
al w

orking hours
The requirem

ents specified in the G
uidelines apply during the hours of 

—
7.00 am

 to 6.00 pm
, M

onday to Friday; 
—

7.00 am
 to 1.00 pm

, S
aturdays. 

�
W

eekend/Evening w
orking hours

N
oise levels at any residential prem

ises should not exceed background noise by: 

—
10 dB

(A
) or m

ore for up to 18 m
onths after project com

m
encem

ent; 
—

5 dB
(A

) or m
ore after 18 m

onths, 

during the hours of: 

—
6.00 pm

 to 10.00 pm
, M

onday to Friday; 
—

1.00 pm
 – 10.00 pm

, S
aturdays; 

—
7.00 am

 – 10.00 pm
, S

undays &
 public holidays. 

�
N

ight period 
N

oise should be inaudible w
ithin a habitable room

 of any residential prem
ises during the hours of: 

—
10.00 pm

 to 7.00 am
, M

onday to S
unday. 
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A
s the total construction period is expected to be approxim

ately 24 m
onths, it is considered 

appropriate to adopt the operational noise lim
its for evening and night-tim

e period and N
3/89 for the 

daytim
e period.   

Table 4-6 presents the construction noise lim
its applicable to the developm

ent: 

Table 4-6 
C

onstruction N
oise Lim

it 

T
im

e of D
ay 

N
oise Lim

it (L
A

eq ), dB
(A

) 

N
orm

al w
orking hours

1
45 + 10 = 55

W
eekend & Evening w

orking hours
2

37
N

ight period
3

32
N

otes: 
1. 

7.00 am
 – 6.00 pm

 on M
onday to Friday / 7.00 am

 – 1.00 pm
 on S

aturdays 
2. 

6.00 pm
 – 10.00 pm

 on M
onday to Friday / 1.00 pm

 – 10.00 pm
 on S

aturdays / 7.00 am
 – 1.00 pm

 on 
S

undays and public holidays 

3.
10.00 pm

 – 7.00 am
 on A

ll days
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5
5 A

ssessm
ent of Potential N

oise Im
pacts 

5.1 
C

alculation M
ethod 

N
oise levels due to the proposed construction and the operation of the site at the identified noise 

sensitive receptor locations have been predicted using an acoustic com
puter m

odel created in 
S

oundP
LAN

 V
ersion 6.5. This program

 is used internationally and recognised by regulators and 
authorities throughout A

ustralia. 

The noise m
odel w

as constructed to allow
 the prediction of cum

ulative noise levels from
 the site 

including the contribution of each noise source. The noise m
odel takes into account: 

�
sound pow

er levels of each source; 
�

receptor locations; 
�

screening effects due to topography; 
�

m
eteorological effects and attenuation due to distance; and 

�
ground and atm

ospheric absorption. 

The noise calculations have been carried out using the L
A

eq  descriptor to assess the operational and 
construction noise im

pacts. 

The program
 allow

s the use of various noise prediction algorithm
s. To calculate noise em

ission levels 
under neutral and adverse m

eteorological conditions, the C
O

N
C

A
W

E
 algorithm

 w
hich is designed for 

industrial sites has been used.  

The C
O

N
C

AW
E

 m
ethod w

as especially designed for the requirem
ents of large industrial facilities such 

as petroleum
 and petrochem

ical com
plexes, and is now

 the principal prediction m
ethod used in 

A
ustralia and w

idely used for calculating noise em
issions from

 all types of industrial facilities. 
C

O
N

C
AW

E
, w

here prevailing w
inds and m

eteorological conditions do not fit norm
al conditions that are 

assum
ed in som

e other alternate calculation m
ethods, provides com

plex calculation m
ethods in 

predicting noise levels under the influence of w
ind and the stability of the atm

osphere as w
ell as 

ground effects. 

C
O

N
C

AW
E

, available w
ithin S

oundP
LAN

, calculates the sound pressure level at the receptor location 
taking into consideration the follow

ing:  

�
source levels entered for the 31.5 H

z octave band to 16 kH
z octave band frequencies (O

riginal 
C

O
N

C
AW

E
 calculation algorithm

 w
as only w

ritten for 63 H
z and above, how

ever S
oundP

LAN
 

m
akes an approxim

ation for the 31.5 H
z octave band using the 63 H

z propagation); 
�

attenuation due to distance betw
een the source and the receptor; 

�
attenuation due to air absorption w

hich is evaluated in accordance w
ith IS

O
9613 (P

art 1), IS
O

3891 
or A

N
S

I 126; 
�

ground attenuation considering hard or soft surfaces; 
�

correction due to sound refractions by w
ind and tem

perature gradients w
hich is based on the 

P
asquil m

eteorological atm
osphere categories (P

asquil S
tability C

lass); 
�

correction due to w
ind speed and direction; and 

�
screening based on the N

ordic G
eneral P

rediction m
ethod. 

A
dditional noise m

odelling has been carried out using IS
O

9613 (P
art 2) calculation m

ethod available 
w

ithin S
oundP

LA
N

 for com
parison w

ith the results generated by C
O

N
C

AW
E

 m
ethod. IS

O
9613, 

available w
ithin S

oundP
LAN

, calculates the sound pressure level at the receptor location taking into 
consideration the follow

ing: 
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�
 source levels entered for the 31.5 H

z octave band to 16 kH
z octave band frequencies; 

�
attenuation due to distance betw

een the source and the receptor; 
�

attenuation due to air absorption w
hich is evaluated in accordance w

ith IS
O

9613 (P
art 1), IS

O
1913 

(P
art 1) or A

N
S

I 126; 
�

ground absorption; 
�

correction due to sound refractions by w
ind and tem

perature gradients w
hich is based on m

oderate 
tem

perature inversion and dow
nw

ind m
eteorological conditions; and 

�
screening. 

The effects of m
eteorological conditions are explained in m

ore detail in S
ection 5.2 below

. 

5.2 
M

eteorological C
onditions 

A
dverse m

eteorological conditions have the potential to increase noise levels at a receptor. S
uch 

phenom
ena generally occur during tem

perature inversions or w
here there is a w

ind gradient w
ith w

ind 
direction from

 the source to the receptor. It is know
n that these m

eteorological effects typically 
increase noise levels by 5 to 10 dB

, and even greater than 10 dB
 in extrem

e conditions. 

Tem
perature inversions generally occur during the night-tim

e and early m
orning periods, thus the 

m
ost significant m

eteorological effect during the daytim
e period is w

ind. 

The prevailing m
eteorological conditions for the site w

ere assessed using yearly m
eteorological data 

collected from
 a B

O
M

 w
eather station located in W

arrnam
bool in 2007 and incorporated into an air 

dispersion program
, TA

P
M

 (V
4). It is noted that the m

eteorological data used to analyse the long-term
 

noise logging w
as from

 a B
O

M
 w

eather station located in P
ort Fairy. Y

early m
eteorological data w

as 
not available from

 the P
ort Fair w

eather station, therefore the yearly data used for the analysis in this 
section w

as obtained from
 the next closest w

eather station located in W
arrnam

bool.  

The w
ind rose data used in the assessm

ent are presented in A
ppendix B

. 

The m
eteorological analysis gave the results in Table 5-1: 

Table 5-1 
Prevailing M

eteorological C
onditions 

T
im

e of D
ay 

P
asquill

S
tability C

lass 
W

ind S
peed 

(m
/s)

W
ind D

irection 

D
ay (7.00 am

 – 6.00 pm
) 

D
6 

S
outherly &

 N
ortherly 

E
vening &

 N
ight (6.00 pm

 – 7.00 am
) 

D
 

4 
N

ortherly &
 N

orth-w
esterly 

5.3 
O

perational N
oise 

5.3.1 
Sound Pow

er Levels 
Table 5-2 presents the sound pow

er levels (L
w ) of equipm

ent that have been identified as the prim
ary 

on-site 
noise 

sources. 
S

ound 
pow

er 
levels 

of 
these 

sources 
have 

been 
provided 

by 
turbine 

m
anufacturers in octave frequency bands betw

een 31.5 H
z and 8 kH

z. These levels represent the 
noisiest type of engine w

hich could be selected for each of the tw
o different turbine configuration 

options (G
E 9FA

) and thus represent a reasonable w
orst case scenario.  This assum

ption is 
consistent for the associated transform

er and substation configurations i.e. the F C
lass configuration 
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of three 330 M
V

A
 transform

ers and one 600 M
V

A
 transform

er is a reasonable w
orst case scenario 

relative to the alternate E
 C

lass configuration of four 200 M
VA

 transform
ers and one 600 M

V
A 

transform
er configuration. 

The sound pow
er levels presented in Table 5-2 have been input into the noise m

odel.  

S
ound pow

er level data for the exhaust stack has been estim
ated. The estim

ate is com
parable to the 

sound pow
er levels of sim

ilar engine stacks from
 previous studies. 

Table 5-2 
Sound Pow

er Levels – O
perational Equipm

ent 

E
stim

ated O
verall 

S
ound P

ow
er Level 1

O
perational N

oise S
ource 

dB
(Lin) 

dB
(A

) 

Inlet D
ucting (filter house included) 

107
95

Inlet S
ystem

 (silencer included) 
Inlet Filter Face 

117 
107 

A
ccessory U

nit 
111

103
Inlet P

lenum
 

104
103

Turbine C
om

partm
ent (acoustic enclosure) 

113 
107

E
xhaust D

iffuser (acoustic enclosure) 
119

106
Load C

om
partm

ent 
114

105

G
T P

ow
er Train P

ackage 

Liquid Fuel &
 A

tom
ising A

ir (LF/A
A

) M
odule 

111 
103 

Turbine C
om

partm
ent V

ent Fans 
112

104
V

ent Fans 
E

xhaust C
om

partm
ent V

ent Fans 
113 

102 
Transform

ers 
330 M

V
A

 Transform
ers (3 of)) 

113
104

S
tack B

ody 
-

105
E

xhaust S
tack

1

S
tack O

pening 
- 

108 
R

eactor (4 of) 
-

106
2

S
ubstation (500 kV

) 
Transform

er (1 x 600 M
VA) 

111 
103 

N
otes:

1. 
S

ound pow
er level of the exhaust stack has been estim

ated based on the m
axim

um
 cum

ulative sound 
pow

er level the site can generate in order to m
eet the noise lim

its. To ensure the com
pliance w

ith the 
noise lim

it, the sound pow
er level of exhaust stack opening and body com

bined should not exceed 110 
dB

(A
).

2. 
E

stim
ated based on A

S
/N

ZS
 60076.10:2009 – P

ow
er Transform

ers: D
eterm

ination of sound levels.  
3. 

A
ll m

anufacturer sound pow
er levels w

ere supplied to U
R

S
 by A

G
L.  

Table 5-3 show
s the cum

ulative octave band sound pow
er levels of the equipm

ent listed in Table 5-2. 

Table 5-3 
O

verall Sound Pow
er Levels 

O
verall Level, 

L
eq

O
ctave B

and C
entre Frequency, H

z                                
S

ound P
ow

er Level, dB
(Lin) L

eq

dB
(Lin) 

dB
(A

) 
31.5 

63 
125 

250 
500 

1k 
2k 

4k 
8k 

128 
118 

123 
124 

120 
115 

113 
110 

113 
109 

105 
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5.3.2 
N

oise M
odelling Scenarios 

P
otential noise im

pacts have been predicted separately for each of the follow
ing m

eteorological 
conditions. Table 5-4 provides a sum

m
ary of each m

eteorological scenario. The neutral and adverse 
m

eteorological conditions have been defined based on data presented in A
ppendix B

. 

Table 5-4 
M

eteorological C
onditions used in N

oise M
odelling 

M
eteorological C

ondition 

M
et. S

cenario 

T
em

perature
(°C

)

R
elative

H
um

idity
(%

)

P
asquill

S
tability
C

lass

W
ind S

peed 
(m

/s)
W

ind
D

irection

1: D
aytim

e O
peration – 

N
eutral M

et. C
onditions 

(C
O

N
C

A
W

E
)

20 
60 

D
 

0 
n/a 

2: E
vening &

 N
ight-tim

e 
O

peration – N
eutral M

et 
C

onditions (C
O

N
C

A
W

E
) 

10 
50 

D
 

0 
n/a 

3: D
aytim

e O
peration – 

A
dverse M

et. C
onditions 

(C
O

N
C

A
W

E
)

20 
60 

D
 

6 
Southerly w

ind 

4: E
vening &

 N
ight 

O
peration – A

dverse M
et. 

C
onditions (C

O
N

C
A

W
E

) 
10 

50 
D

 
4 

N
orth-w

esterly 
w

ind 

5: D
aytim

e O
peration 

(IS
O

9613)
20 

60 
M

oderate Inversion and 
dow

nw
ind conditions 

S
ource-to-
receptor

6: E
vening &

 N
ight 

O
peration (IS

O
9613) 

10 
50 

M
oderate Inversion and 
dow

nw
ind conditions 

S
ource-to-
receptor

The noise m
odelling has been conducted based on likely m

axim
um

 operating conditions for each 
turbine option. In setting-up the noise m

odel, all pre-defined sources w
ere positioned according to the 

proposed site layout in the respective noise m
odel (Figure 2-2). The precise positioning of the sources 

w
as not found to cause any significant uncertainty. 

In addition to the calculation m
ethods presented previously in Sections 5.1 and 5.2, the follow

ing 
assum

ptions w
ere also m

ade in the noise m
odelling: 

�
N

oise sources w
ere positioned according to the proposed m

echanical layout, show
n in Figure 2-2;  

�
E

ach noise generating activity operates continuously; 
�

A
ll the equipm

ent listed in each scenario occur sim
ultaneously; 

�
N

oise m
itigation m

easures for the prim
ary com

ponents of the proposed gas turbines are: 

—
acoustic enclosure of turbine com

partm
ents consists of tw

o layers of 2 m
m

 thick steel outer 
plate, 75 m

m
 thick rockw

ool insulation and perforated steel inner plate 
—

acoustic enclosure of exhaust diffusers consists of tw
o layers of 4 m

m
 thick steel outer plate, 

150 m
m

 thick rockw
ool insulation and 4 m

m
 thick steel inner plate 

—
silencing on the inlet system

 via an 8 foot long parallel acoustic baffle 

The sound pow
er levels show

n on Table 5-2 assum
e the application of the aforem

entioned m
itigation 

m
easures. U

R
S

 considers that the proposed m
itigation m

easures proposed by A
G

L are best practice 
for the m

itigation of noise from
 a peaker pow

er station.  
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5.4 
Predicted O

perational N
oise Levels 

The results noise m
odelling results using neutral and adverse m

eteorological conditions are presented 
in Table 5-5 and Table 5-6, using the C

O
N

C
AW

E
 and IS

O
9613 m

ethods respectively. 

Table 5-5 
Predicted O

perational N
oise Levels – C

O
N

C
A

W
E C

alculation M
ethod 

P
redicted N

oise Levels (L
A

eq )
dB

(A
)

C
riterion (L

A
eq )

dB
(A

)

R
eceptor

Location
N

eutral M
et 

C
onditions

(S
cenario      
1 &

 2) 

A
dverse M

et 
C

onditions
(S

cenario
      

3 &
 4) 

D
ay

(S
cenario
1 &

 3) 

E
vening &

 
N

ight
(S

cenario
2 &

 4) 

E
xceedance

A
24

19 (3) / 21 (4) 
45

37 / 32 
N

o
B

28
33 (3) / 28 (4) 

45
37 / 32 

N
o

C
29

34 (3) / 32 (4) 
45

37 / 32 
N

o
D

26
30 (3) / 31 (4) 

45
37 / 32 

N
o

E
24

21 (3) / 29 (4) 
45

37 / 32 
N

o
F 

< 20 
< 20 

45
37 / 32 

N
o

G
25

21 (3) / 30 (4) 
45

37 / 32 
N

o
H

< 20 
15 (3) / 24 (4) 

45
37 / 32 

N
o

N
otes:

R
esults in bold represent the exceedance of the respective noise lim

it. 
S

cenario 1: D
aytim

e operation under neutral m
eteorological conditions. 

S
cenario 2: E

vening &
 N

ight-tim
e operation under neutral m

eteorological conditions. 
S

cenario 3: D
aytim

e operation under adverse m
eteorological conditions. 

S
cenario 4: E

vening &
 N

ight-tim
e operation under adverse m

eteorological conditions.

Table 5-6 
Predicted O

perational N
oise Levels - ISO

9613 C
alculation M

ethod 

P
redicted N

oise Levels (L
A

eq )
dB

(A
)

C
riterion (L

A
eq )

dB
(A

)
R

eceptor
Location

IS
O

 C
onditions 

(D
ay -

S
cenario 5) 

IS
O

 C
onditions 

(E
vening/N

ight - 
S

cenario 6) 
D

ay 
E

vening &
 N

ight 

E
xceedance

A
28

28
45

37 / 32 
N

o
B

29
30

45
37 / 32 

N
o

C
31

31
45

37 / 32 
N

o
D

28
28

45
37 / 32 

N
o

E
28

28
45

37 / 32 
N

o
F 

< 20 
< 20 

45
37 / 32 

N
o

G
28

28
45

37 / 32 
N

o
H

24
24

45
37 / 32 

N
o
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The results presented in Table 5-5 and Table 5-6 presents A
-w

eighted noise levels predicted using 
S

oundP
LAN

 for 31.5 H
z to 8 kH

z octave band frequencies. N
oise levels of frequencies below

 31.5 H
z 

are not considered attributing their levels to the A
-w

eighted noise levels. 

Table 5-5 and Table 5-6 also show
 that the predicted noise levels generated by the proposed 

operation w
ould be w

ithin the established noise criteria at all receptor locations under all conditions. 

C
om

paring the results using the C
O

N
C

A
W

E
 calculation m

ethod (Table 5-5) w
ith the IS

O
 results 

(Table 5-6), they predict sim
ilar noise levels (variation 1 to 3 dB

) at all receptor locations. The m
inor 

variations are prim
arily due to w

ind direction setting used in each calculation m
ethod.  W

hilst the 
C

O
N

C
AW

E
 m

ethod considers the area’s prevailing w
ind conditions, the IS

O
 m

ethod assum
es source-

to-receptor w
ind direction. 

G
iven that the pow

er station is a peaking plant and the m
eteorological conditions that could adversely 

affect the noise levels are expected to occur less than 15 per cent of tim
e (A

ppendix B
), the 

operational noise levels w
ould generally be below

 the levels predicted for S
cenarios 3 and 4.  It is also 

noted that there is som
e vegetation betw

een som
e receptors and the site w

hich m
ay provide slight 

noise reduction that has not been included in the noise predictions m
odelling. 

It should be noted that N
3/89 and the draft N

IR
V

 are not m
andatory and the application of noise lim

its 
is for guidance only. In very low

 background noise and adverse m
eteorological conditions, the site 

operation m
ay just be audible at Locations C

 and D
 at night tim

e, but as previously identified the 
predicted noise levels w

ould be below
 the m

easured am
bient noise levels and w

ould not exceed the 
criteria.

Therefore, further noise m
itigation m

easures beyond those already proposed by A
G

L (S
ection 5.3.2) 

are not considered necessary.  

A
 predicted noise contour m

ap for the adverse night-tim
e m

eteorological conditions is presented in 
A

ppendix C
. It should be noted that these noise contours are indicative only due to interpolation w

ithin 
the calculation grid.  The results of the point-to-point calculations presented in Table 5-5 are m

ore 
accurate than the noise contours. 

Sleep D
isturbance 

N
oise from

 the proposed operation is constant in nature and therefore, during the night-tim
e period the 

levels are expected to be significantly below
 55 dB

(A
) L

A
m

ax  at all receptor locations. Therefore, the 
operation is not predicted to give rise to sleep disturbance. 

5.5 
Low

 Frequency N
oise 

To assess potential low
 frequency noise im

pacts, C
-w

eighted noise levels of octave band frequency 
betw

een 31.5 H
z and 8 kH

z have been predicted by noise m
odelling using S

oundP
LA

N
.  

The predictive noise m
odelling by S

oundP
LAN

 estim
ated the noise levels (C

-w
eighed) at the 

receptors and a com
parison w

ith the criteria identified in S
ection 4.2.5 is presented in Table 5-7.  

It is noted that sound pow
er levels of frequencies below

 31.5 H
z w

ere not available and are beyond 
the range of the m

odelling softw
are. U

R
S

 therefore also estim
ated the contribution of sound at low

er 
frequencies to the C

-w
eighted noise levels at each receptor location, based on indicative turbine 

spectra.  
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W
hilst attenuation of noise levels in 31.5 H

z to 8 kH
z octave band frequencies considered in 

calculations using C
O

N
C

A
W

E
 and IS

O
 m

ethods are dependent upon som
e factors such as air 

absorption, ground absorption or screening as explained in S
ection 5.1; attenuation of noise levels in 

frequencies below
 31.5 H

z w
ould prim

arily be due to geom
etrical spreading, i.e. attenuation m

ostly 
due to distance, w

ith little adjsutm
ent due to air/ground absorption or screening.  

Table 5-7 presents C
-w

eighted noise levels predicted using S
oundP

LA
N

 for 31.5 H
z to 8 kH

z octave 
band frequencies as w

ell as the estim
ated levels considering low

er frequencies (dow
n to 20 H

z) based 
on indicative turbine spectra. 

Table 5-7 
Predicted O

perational N
oise Levels (C

-w
eighted) 

P
redicted N

oise Levels (L
eq ) dB

(C
) 

R
eceptor

Location
31.5 H

z – 8 kH
z 

C
O

N
C

A
W

E
 / IS

O
9613 

20 H
z – 8 kH

z
IS

O
9613

1

C
riterion (L

eq )
dB

(C
)

E
xceedance 

A
37 / 50 

60
B

45 / 45 
62

C
47 / 48 

63
D

45 / 48 
62

E
44 / 47 

61
F 

28 / 36 
60

G
44 / 47 

61
H

38 / 45 
57

65
N

o

N
ote: 

1. N
oise attenuation below

 31 H
z w

ould prim
arily be due to geom

etrical noise propagation. 

The analysis presented in Table 5-7 com
pared to the criteria indicates that low

 frequency noise w
ould 

not be at a level to cause annoyance to the closest residential receivers. A
ccordingly, no adjustm

ent to 
the A

-w
eighted operational noise criteria is required. 

5.6 
C

onstruction N
oise 

B
ased on sim

ilar size projects, the total construction period is expected to be approxim
ately 24 

m
onths w

ith a peak period of up to 6 m
onths.  

The m
ain construction activities w

ould involve the follow
ing stages: 

�
S

tage 1: R
em

oving the layer of vegetation and levelling; 
�

S
tage 2: B

ulk earthw
orks including site grading and excavation w

ork; 
�

S
tage 3: E

stablishing concrete foundations for plant and buildings; and 
�

S
tage 4: C

onstruction of buildings and installation of equipm
ent and m

achinery. 

In addition to the proposed Tarrone pow
er station construction, there w

ill be separate gas pipeline 
construction w

orks.  The pipeline construction com
ponent is subject to separate regulatory approvals 

processes and is not addressed in this report. 
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5.6.1 
C

onstruction Equipm
ent and A

ssociated N
oise Levels 

Typical construction equipm
ent expected on this site and noise levels are sum

m
arised in Table 5-8. 

The sound pow
er levels of these item

s have been taken from
 A

ppendix D
 of A

ustralian S
tandard A

S 
2436-1981: “G

uide to noise control on construction, m
aintenance and dem

olition sites” and library 
data.

The sound pow
er levels presented in the table are indicative and should be used only as a guide. 

Table 5-8 
Sound Pow

er Levels – C
onstruction Equipm

ent 

S
cenario 

P
roposed A

ctivities 
E

quipm
ent / P

lant Item
 

S
ound P

ow
er Level 

L
A

eq  dB
(A

) 

1 
S

ite preparation &
 E

arthw
orks 

E
xcavator 

Bulldozer 
G

rader
R

oller 
Loader 
D

um
p truck 

108 – 112 
102 – 114 
114 – 118 
103 – 112 
103 – 111 
102 – 107 

2 
C

oncrete Foundation W
orks  

C
oncrete truck 

C
oncrete m

ixer 
C

om
pactor

C
rane 

103 – 113 
107 – 111 
113 – 115 
104 – 108 

3 
B

uilding C
onstruction 

C
rane 

D
elivery trucks 

P
neum

atic tools 
E

lectric tools 
P

ow
er generators 

H
am

m
ers

104 – 108 
102 – 110 
110 – 115 
100 – 108 
100 – 106 
101 – 112 

5.6.2 
 Predicted C

onstruction N
oise Levels 

The noise levels at each receptor location generated by the construction activities have been 
predicted by noise m

odelling of the noise sources listed in Table 5-8. N
oise generated by construction 

activities 
w

ould 
vary 

as 
construction 

progresses. 
The 

noise 
m

odelling 
has 

been 
carried 

out 
considering adverse m

eteorological conditions. The results for the predicted noise levels during 
construction of the pow

er station are presented in Table 5-9. 
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Table 5-9 
Predicted N

oise Levels D
uring Pow

er Station C
onstruction 

E
xceedance 

Location

P
redicted N

oise 
Level under 

A
dverse

M
eteorological 
C

onditions        
L

A
eq  dB

(A
) 

D
ay

N
oise

C
riterion 
L

A
eq

dB
(A

)

E
vening
N

oise
C

riterion 
L

A
eq

dB
(A

)

N
ight

N
oise

C
riterion 
L

A
eq

dB
(A

)
D

ay
E

vening 
N

ight 

A
28 – 35 

55 
37 

32 
N

o 
N

o 
N

o 
B

32 – 39 
55 

37 
32 

N
o 

Possible 
Possible 

C
34 – 40 

55 
37 

32 
N

o 
Possible 

Possible* 
D

32 – 39 
55 

37 
32 

N
o 

Possible 
Possible 

E
29 – 36 

55 
37 

32 
N

o 
N

o 
Possible 

F 
< 30 

55 
37 

32 
N

o 
N

o 
N

o 
G

30 – 37 
55 

37 
32 

N
o 

N
o 

Possible 
H

22 – 29 
55 

37 
32 

N
o 

N
o 

N
o 

*
A

lthough the corresponding predicted noise level (low
er end of the range) exceeds the night noise criteria, the construction 

scenario m
odelled w

ould be considered a reasonable “w
orst case” daytim

e construction scenario.  It w
ould be still be feasible 

to conduct som
e selected construction activities at night w

hilst still achieving the noise criteria.

The predicted construction noise levels presented in Table 5-9 show
 that no exceedance of the noise 

lim
it is predicted at any location for the construction of the pow

er station during the day. S
pecific 

construction activities undertaken during the evening m
ay lead to an exceedance at receptors B

, C
 

and D
. C

onstruction activities w
ill be scheduled to be undertaken at an appropriate tim

e of the day for 
the activity in question. The construction activities generating the m

ost noise w
ill be conducted during 

the day. 

It should be noted that the predicted noise levels presented above result from
 a conservative noise 

m
odelling approach w

here it has been assum
ed that all equipm

ent w
ould operate continuously and 

sim
ultaneously during the assessm

ent period.  

P
hysical construction noise m

itigation m
easures are not considered necessary. H

ow
ever, adoption of 

noise m
anagem

ent strategies im
plem

enting good industry practice is recom
m

ended to m
inim

ise noise 
em

issions 
from

 
the 

proposed 
construction 

w
orks. 

R
ecom

m
endations 

on 
construction 

noise 
m

anagem
ent strategies are provided in S

ection 6.1. It w
ould be expected that these w

ill be 
incorporated into a construction phase E

nvironm
ental M

anagem
ent P

lan (E
M

P
). 

5.7 
O

ff-Site Traffic N
oise 

The potential off-site traffic noise im
pact associated w

ith the proposed operation has been assessed 
based on the U

R
S

 Traffic S
tudy undertaken for the developm

ent. 
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5.7.1 
O

peration 
The ongoing operation of the pow

er station w
ill generate significantly less traffic than the construction 

phase of the project. D
uring the operational phase, staff levels are expected to average approxim

ately 
five full tim

e persons on site generating approxim
ately ten car trips per day. The increase in traffic 

from
 the daily operation of the pow

er station is accounted for in the general grow
th in traffic for the 

region. A
n increase in traffic volum

es is expected during turbine m
aintenance / overhaul periods w

hich 
w

ould take place every 2 to 3 years. 

C
om

pared to the existing traffic volum
es, the proposed traffic volum

es generated by the developm
ent 

w
ould be insignificant. Therefore a further detailed assessm

ent is not deem
ed necessary. 

5.7.2 
C

onstruction  
A

s the specific duration and start/finish tim
es of construction shifts have not been determ

ined, it is 
assum

ed that that all m
ovem

ents w
ould take place during the peak periods for the region. This w

ould 
produce a conservative w

orst-case scenario in the event that shifts com
m

ence 7.00 am
 - 8:00 am

 and 
conclude 4.00 pm

 - 5.00 pm
 and that all personnel, m

aterial and equipm
ent deliveries w

ould occur in 
those periods. 

It is expected that the num
ber of construction personnel during the peak construction period w

ould 
reach 250 personnel per day. The vehicle m

ovem
ents associated w

ith construction personnel 
assum

es a vehicle occupancy rate of 1.2 persons per vehicle. A
ll construction personnel are assum

ed 
to arrive to the site in the m

orning peak hour and leave in the afternoon peak hour. 

The legislation and guidelines listed in S
ection 4.1 do not include any criteria to assess off-site traffic 

noise associated w
ith construction. It is assum

ed that off-site traffic noise w
ith the proposed 

construction is m
inim

ised as m
uch as is practically possible by lim

itations on construction hours to 
7.00 am

 – 6.00 pm
, and A

ustralian D
esign R

ules w
hich apply to road-registered vehicles. 

N
oise m

anagem
ent strategies to m

inim
ise the noise from

 the off-site road traffic associated w
ith the 

proposed construction have been provided in S
ection 6.1 of this report. 

5.8 
C

um
ulative N

oise Im
pacts – Shaw

 R
iver Pow

er Station 
The predicted noise em

ission levels arising from
 the construction and operation of the proposed S

haw
 

R
iver P

ow
er S

tation (S
R

P
S

) and the C
om

pressor S
tation (C

S) presented in the E
nvironm

ental E
ffects 

S
tatem

ent [E
E

S
] S

haw
 R

iver P
ow

er S
tation P

roject (M
arch 2010) w

ere review
ed for consideration of 

potential interactions betw
een the proposals.  The noise im

pact assessm
ent present in the S

R
P

S
 E

E
S

 
w

as undertaken by S
onus P

ty Ltd (July 2009).  

The S
R

P
S

 site is to be located near O
rford, approxim

ately 4.5 kilom
etres to the w

est of the nearest 
receptor (R

eceptor A
) considered in this assessm

ent. The C
S

 site is to be located approxim
ately 8 

kilom
etres to the south-east of the nearest receptor (R

eceptor F) considered in this assessm
ent.  

The noise levels estim
ated, based on the data present in the E

E
S

, due to the assum
ed concurrent 

operation of the S
R

P
S

 and C
S

 at the nom
inated receptors are as follow

s: 

�
N

oise level at R
eceptor A

 is estim
ated to be less than 20 dB

(A
), and 

�
N

oise level at R
eceptor F is estim

ated to be less than 15 dB
(A

). 
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The construction noise levels estim
ated due to S

PR
S

 and C
S

 at the nom
inated receptors are as 

follow
s: 

�
N

oise level at R
eceptor A

 is estim
ated to be less than 30 dB

(A
), and 

�
N

oise level at R
eceptor F is estim

ated to be less than 25 dB
(A

). 

B
ased on these estim

ated noise levels, it is concluded that the potential for cum
ulative noise im

pact at 
receptors A

 and F arising from
 construction or operation (at full load) of the A

G
L Tarrone P

ow
er 

S
tation (presented in Table 5-5, Table 5-6 and Table 5-9) at the sam

e tim
e as construction and/or 

operation of the proposed S
R

P
S

 and C
S

 w
ould be negligible and not expected to increase the noise 

levels at these locations relative to the noise levels predicted to arise from
 operation of Tarrone P

ow
er 

S
tation alone.  

5.9 
Sum

m
ary of Potential N

oise Im
pact 

The follow
ing provides a sum

m
ary of the outcom

es of the assessm
ent of potential noise im

pacts: 

�
O

peration:

—
N

oise levels generated by the proposed operation are predicted to be w
ithin the established 

noise lim
its at all receptor locations under all m

eteorological conditions.  

�
S

leep D
isturbance: 

—
P

redicted noise levels are w
ithin the sleep disturbance noise lim

it. 

�
Low

 frequency noise: 

—
The proposed operation assessed using criteria derived from

 recent local research suggest that 
low

 frequency noise w
ould not be at a level to cause annoyance to the closest residential 

receivers. 

�
C

onstruction N
oise: 

—
N

o exceedances of the noise lim
it are predicted during daytim

e construction of the proposed 
pow

er station, although there m
ay be som

e restrictions to certain construction activities in the 
evening and night periods. 

�
O

ff-S
ite Traffic N

oise; 

—
O

peration: The predicted increase in road traffic volum
e due to the proposed operation is 

negligible. 
—

C
onstruction: D

etailed assessm
ent w

ill be undertaken once specific duration and construction 
shifts have been determ

ined.  
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6 N
oise M

itigation M
easures 

6.1 
C

onstruction N
oise 

P
hysical construction noise m

itigation m
easures are not considered necessary. W

hile the proposed 
construction activities have lim

ited potential for im
pact on the local am

bient noise environm
ent, the 

follow
ing noise m

anagem
ent strategies can be applied, w

hich w
ould further reduce the potential for 

noise issues during the proposed construction period: 

�
C

arrying out all construction w
orks w

ith consideration of appropriate noise levels for the respective 
tim

e of the day; 
�

S
cheduling construction to m

inim
ise m

ultiple use of the noisiest equipm
ent or plant item

s near 
noise sensitive receptors, w

here practicable; 
�

S
trategic positioning of plant item

s to reduce the noise em
ission to noise sensitive receptors, w

here 
possible; 

�
C

arrying out m
aintenance w

ork aw
ay from

 noise sensitive receptors, w
here practicable; 

�
E

nsuring engine covers are closed, m
aintenance of silencers and m

echanical condition. 
M

aintenance for m
ajor item

s of construction equipm
ent that are significant contributors to 

construction noise levels; 
�

A
w

areness training for staff and contractors in environm
ental noise issues including; 

—
M

inim
ising the use of horn signals and m

aintaining to a low
 volum

e. A
lternative m

ethods of 
com

m
unication should be considered; 

—
A

voiding any unnecessary noise w
hen carrying out m

anual operations and w
hen operating 

plant; and 
—

S
w

itching off any equipm
ent not in use for extended periods during construction w

ork; 

�
R

estricting heavy vehicles’ entry to site and departure from
 site to the nom

inated construction 
hours;

�
W

here noise level exceedances cannot be avoided, consideration should be given to applying tim
e 

restrictions and/or providing quiet periods for nearby residents; 
�

C
om

m
unity consultation w

ith local residents and building ow
ners to assist in the alleviation of 

com
m

unity concerns. P
revious experience on sim

ilar projects has dem
onstrated that affected noise 

sensitive receptors m
ay be w

illing to endure higher construction noise levels for a shorter duration 
if they have been provided w

ith sufficient w
arning in the place of interm

ittent but extended periods 
of construction noise at low

er levels; and 
�

M
aintaining a suitable com

plaints register. S
hould noise com

plaints be received, undertake noise 
m

onitoring at the locations concerned. R
easonable and feasible m

easures w
ould need to be 

im
plem

ented to reduce noise im
pacts. 

W
ith the im

plem
entation of the aforem

entioned m
itigation m

easures, construction noise at all receptor 
locations w

ould be expected to practically com
ply w

ith the noise lim
it. 
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6.2 
O

perational N
oise 

The exhaust stack w
ill be designed to achieve overall com

pliance w
ith the E

P
A

 requirem
ents.  

A
dditional m

itigation m
easures have been investigated for the gas turbines to further reduce noise 

em
itted from

 the site. To ensure com
pliance w

ith the derived noise lim
its, noise m

itigation m
easures 

for the prim
ary com

ponents of the proposed gas turbines w
ill include: 

�
acoustic enclosure of turbine com

partm
ents consists of tw

o layers of 2 m
m

 thick steel outer plate, 
75 m

m
 thick rockw

ool insulation and perforated steel inner plate; 
�

acoustic enclosure of exhaust diffusers consists of tw
o layers of 4 m

m
 thick steel outer plate, 150 

m
m

 thick rockw
ool insulation and 4 m

m
 thick steel inner plate; and 

�
silencing on the inlet system

 is an 8 foot long parallel acoustic baffle. 
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7 C
onclusion

U
R

S
 has com

pleted a noise im
pact assessm

ent for the proposed gas-fired pow
er station at Tarrone, 

V
ictoria. This assessm

ent has been prepared in support of the W
orks A

pproval A
pplication for the 

proposed operation. 

The assessm
ent of potential noise im

pacts of the proposed construction and operation of the facility, 
on surrounding noise sensitive receptor locations, has been carried out in accordance w

ith relevant 
V

ictoria E
P

A
 noise guidelines. Throughout the assessm

ent, typical and ‘w
orst-case’ factors have been 

taken into consideration.  

The assessm
ent found that the adopted noise lim

its can be achieved w
ith no further noise m

itigation 
m

easures beyond those already proposed by A
G

L (including m
itigation m

easures for the proposed 
stack). 

N
o exceedances of the noise lim

its are predicted for activities relating to the daytim
e construction of 

the pow
er station, although som

e activities m
ay need to be restricted in the evening and night periods.  

The predicted noise levels should be verified during com
m

issioning, and in the unlikely event of any 
significant discrepancies from

 this assessm
ent, there is scope to provide additional attenuation 

through m
easures such as acoustic enclosures and silencers w

ith higher noise reduction rating.  

O
n the basis of this assessm

ent, it is therefore concluded that noise im
pacts of the proposed 

construction and operation of the pow
er station are not expected to degrade the existing acoustic 

environm
ent, nor cause annoyance to the com

m
unity surrounding the plant. 
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 C
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P
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m
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9Lim
itations

U
R

S
 A

ustralia P
ty Ltd (U

R
S) has prepared this report in accordance w

ith the usual care and 
thoroughness of the consulting profession for the use of A

G
L E

nergy Lim
ited (A

G
L) and only those 

third parties w
ho have been authorised in w

riting by U
R

S
 to rely on the report. It is based on generally 

accepted practices and standards at the tim
e it w

as prepared. N
o other w

arranty, expressed or 
im

plied, is m
ade as to the professional advice included in this report. It is prepared in accordance w

ith 
the scope of w

ork and for the purpose outlined in the P
roposal dated 12 S

eptem
ber 2008. 

The m
ethodology adopted and sources of inform

ation used by U
R

S
 are outlined in this report. U

R
S 

has m
ade no independent verification of this inform

ation beyond the agreed scope of w
orks and U

R
S

 
assum

es no responsibility for any inaccuracies or om
issions. N

o indications w
ere found during our 

investigations that inform
ation contained in this report as provided to U

R
S

 w
as false. 

This report w
as prepared betw

een M
arch 2009 and A

ugust 2010 and is based on the conditions 
encountered and inform

ation review
ed at the tim

e of preparation. U
R

S
 disclaim

s responsibility for any 
changes that m

ay have occurred after this tim
e. 

This report should be read in full. N
o responsibility is accepted for use of any part of this report in any 

other context or for any other purpose or by third parties. This report does not purport to give legal 
advice. Legal advice can only be given by qualified legal practitioners. 
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A
 w

ide range of acoustic param
eters and technical term

s are used in this report. To assist in 
understanding the technical contents, a brief description of the acoustic term

s is provided in this 
section. 

Typical N
oise Levels: C

om
pared to the static air pressure (10

5
P

a), the audible sound pressure 
variations are very sm

all ranging from
 about 20 µP

a (20x10
-6 P

a), w
hich is called “threshold of 

hearing” to 100 P
a. A

 sound pressure of approxim
ately 100 P

a is so loud that it causes pain and is 
therefore called “threshold of pain”. 

dB
 (D

ecibel): A
 unit of sound level m

easurem
ent. The hum

an ear responds to sound logarithm
ically 

rather than linearly, so it is convenient to deal in logarithm
ic units in expressing sound levels. To avoid 

a scale w
hich is too com

pressed, a factor of 10 is introduced, giving rise to the decibel. It is equivalent 
to 10 tim

es the logarithm
 (to base 10) of the ratio of a given sound pressure to a reference pressure. 

Perception of Sound: The num
ber of sound pressure variation per second is called the frequency of 

sound, and is m
easured in H

ertz (H
z). The norm

al hearing for a healthy young person ranges from
 

approxim
ately 20 H

z to 20 kH
z. In term

s of sound pressure levels, audible sound ranges from
 the 

threshold of hearing at 0 dB
 to the threshold of pain at 130 dB

 and over. A
 change of 1 dB

 or 2 dB
 in 

the level of a sound is difficult for m
ost people to detect, w

hilst a 3 dB
 to 5 dB

 change corresponds to 
sm

all but noticeable change in loudness. A
n increase of about 8 – 10 dB

 is required before the sound 
subjectively appears to be significantly louder.  

Sound Pressure (SPL): S
ound pressure is the m

easure of the level or loudness of sound. Like sound 
pow

er level, it is m
easured in logarithm

ic units. The sym
bol used for sound pressure level is S

P
L, and 

it is generally specified in dB. 0 dB
 is taken as the threshold of hum

an hearing. 

Table A
-1 

Sound Pressure Levels of Som
e C

om
m

on Sources 

S
ound P

ressure 
Level (dB

) 
S

ound S
ource 

T
ypical S

ubjective 
D

escription

140 
P

ropeller aircraft; artillery fire, gunner’s position 

120 
R

iveter; rock concert, close to speakers; ship’s engine room
 

110 
G

rinding; saw
ing 

Intolerable

100
P

unch press and w
ood planers, at operator’s position; pneum

atic 
ham

m
er or drilling (at 2 m

) 
Very noisy 

80 
K

erbside of busy highw
ay; shouting; Loud radio or TV

 

70 
K

erbside of busy traffic 

60 
D

epartm
ent store, restaurant, conversational speech 

N
oisy 

50 
G

eneral office 
M

oderate 

40 
P

rivate office; Q
uiet residential area 

30 
U

noccupied theatre; quiet bedroom
 at night 

Q
uiet

20 
U

noccupied recording studio; Leaves rustling 
V

ery quiet 

10 
 H

earing threshold, good ears at frequency of m
axim

um
 sensitivity 

0
H

earing threshold, excellent ears at frequency m
axim

um
 response 
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Sound Pow
er (SW

L): S
ound pow

er is the energy radiated from
 a sound source. This pow

er is 
essentially independent of the surroundings, w

hile the sound pressure depends on the surroundings 
(e.g. reflecting surfaces) and distance to the receptor. If the sound pow

er is know
n, the sound 

pressure at a point can be calculated. S
ound pow

er is also m
easured in logarithm

ic units, 0 dB
 sound 

pow
er level corresponding to 1 pW

 (10
-12 W

). The sym
bol used for sound pow

er level is S
W

L or Lw
, 

and it is specified in dB
. 

Frequency: Frequency is synonym
ous to pitch and is m

easured in units of H
z. 

Frequency Spectrum
: In environm

ental noise investigations, it is often found that the single-num
ber 

indices, such as L
A

eq , do not fully represent the characteristics of the noise. If the source generates 
noise w

ith distinct frequency com
ponents, then it is useful to m

easure the frequency content in octave 
or one-third octave frequency bands. For calculating noise levels, octave spectra are often used to 
account for the frequency characteristics of propagation. 

 “A
” Frequency W

eighting: The m
ethod of frequency w

eighting the electrical signal w
ith a noise 

m
easuring instrum

ent to sim
ulate the w

ay the hum
an ear responds to a range of acoustic frequencies. 

It is based on the 40 dB
 equal loudness contour. The sym

bols for the noise param
eters often include 

the letter “A” (e.g. L
A

eq ) to indicate that frequency w
eighting has been included in the m

easurem
ent. 

S
ee the graph below

. 

“C
” Frequency W

eighting: The response of the hum
an ear varies w

ith the sound level. A
t higher 

levels, 100 dB and above, the ear's response is flatter, as show
n in the C

-W
eighted R

esponse below
. 

A
lthough the A

-W
eighted response is used for m

ost applications, C
-W

eighting is also available on 
m

any sound level m
eters. C

-W
eighting is usually used for P

eak m
easurem

ents and also in som
e 

industrial and entertainm
ent noise m

easurem
ent, w

here the transm
ission of low

 frequency noise can 
be a problem

. C
-w

eighted m
easurem

ents are expressed as dBC
 or dB

(C
).  

A
dverse W

eather: W
eather effects (w

ind and tem
perature inversions) that enhance noise. The 

prescribed conditions are for w
ind occurring m

ore than 30 %
 of the tim

e in any assessm
ent period in 

any season and/or for tem
perature inversions occurring m

ore than 30 %
 of the nights in w

inter. 

A
ssessm

ent Period: The period in a day over w
hich assessm

ents are m
ade: day (7.00 am

 – 6.00 
pm

, M
onday to S

aturday; or 8.00 am
 – 6.00 pm

 on S
undays and public holidays), evening (6.00 pm

 – 
10.00 pm

, all days) or night (10.00 pm
 – 7.00 am

, M
onday to S

aturday; or 10.00 pm
 – 8.00 am

 on 
S

undays and public holidays). 
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A
m

bient N
oise: The all-encom

passing sound at a site com
prising all sources such as industry, traffic, 

dom
estic, and natural noises. This is represented as the L

A
eq  noise level in environm

ental noise 
assessm

ent. (S
ee also L

A
eq )

B
ackground N

oise: B
ackground noise is the term

 used to describe the underlying level of noise 
present in the am

bient noise, m
easured in the absence of the noise under investigation, w

hen 
extraneous noise is rem

oved. It is m
easured statistically as the A

-w
eighted noise level exceed for 

ninety per cent of a sam
ple period. This is represented as the L

A
90 noise level (See also L

A
90 ).

Free 
Field: A

n environm
ent in w

hich a sound w
ave m

ay propagate in all directions w
ithout 

obstructions or reflections. Free field noise m
easurem

ents are carried out outdoors at least 3.5 m
 from

 
any acoustic reflecting structures other than the ground. 

Extraneous N
oise: N

oise resulting from
 activities that are not typical of the area. U

ntypical activities 
m

ay include construction, and traffic generated by holiday periods and by special events such as 
concerts or sporting events. N

orm
al daily traffic is not considered to be extraneous. 

Im
pulsive N

oise: N
oise having a high peak of short duration or a sequence of such peaks. N

oise 
from

 im
pacts or explosions, e.g., from

 a pile driver, punch press or gunshot, is called im
pulsive noise. 

It is brief and abrupt, and its startling effect causes greater annoyance than w
ould be expected from

 a 
sim

ple m
easurem

ent of the sound pressure level.  

Interm
ittent N

oise: N
oise w

ith a level that abruptly drops to the level of or below
 the background 

noise several tim
es during the period of observation. The tim

e during w
hich the level rem

ains at a 
constant value different from

 that of the am
bient being of the order of 1 s or m

ore.  

M
eteorological C

onditions/Effects: W
ind and tem

perature inversion conditions. 

N
oise B

arrier: S
olid w

alls or partitions, solid fences, earth m
ounds, earth berm

s, buildings. E
tc used 

to reduce noise w
ithout elim

inating it. 

Tem
perature Inversion: A

n atm
ospheric condition in w

hich tem
perature increases w

ith height above 
the ground. 

Tonality: N
oise containing a prom

inent frequency and characterised by a definite pitch. 

L
A

eq : A
-w

eighted equivalent continuous noise level. This param
eter is w

idely used and is the constant 
level of noise that w

ould have the sam
e energy content as the varying noise signal being m

easured. 
The letter “A

” denotes that the A
-w

eighting has been included and “eq” indicates that an equivalent 
level has been calculated. This is referred to as the am

bient noise level. (S
ee A

m
bient N

oise) 

L
A

90 : The A
-w

eighted sound pressure level w
hich is exceeded for 90 %

 of the m
easurem

ent period. It 
is determ

ined by calculating the 90
th percentile (low

est 10 %
) noise level of the period. This is referred 

to as the background noise level. (S
ee B

ackground N
oise) 
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D
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Evening (6.00 pm
 – 10.00 pm

) 

N
ight-tim

e (10.00 pm
 – 7.00 am

) 
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Tuesday 3 February 2009

473 Tarrone N
orth R

oad, Tarrone, VIC

S
haded periods indicate periods affected by adverse w

eather conditions or extraneous 
M

easured data during these periods w
ere excluded from

 calculation of noise levels averaged for the period.

N
ote:
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473 Tarrone N
orth R

oad, Tarrone, VIC

S
haded periods indicate periods affected by adverse w

eather conditions or extraneous noise. 
M

easured data during these periods w
ere excluded from

 calculation of noise levels averaged for the period.

N
ote:
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oad, Tarrone, VIC

S
haded periods indicate periods affected by adverse w
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M

easured data during these periods w
ere excluded from

 calculation of noise levels averaged for the period.
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ote:
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S
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eather conditions or extraneous noise. 
M

easured data during these periods w
ere excluded from

 calculation of noise levels averaged for the period.
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ote:
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