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HOW TO MAKE PUBLIC SUBMISSIONS 

The Environmental Protection Authority (EPA) invites submissions on this proposal. 

Following receipt of comments from government agencies and the public, the EPA will 
discuss the issues raised with the proponent, and may ask for further information. The EPA 
will then prepare its assessment report which will make recommendatiOns to Government, 
taking into account issues raised in the public submissions. 

WHY WRITE A SUBMISSION? 

A submission is a way to provide information, express your opinion and put forward your 
suggested course of action including any alternative approach. It is useful if you indicate 
any suggestions you have to improve the proposal. 

All submissions received will be acknowledged. 

DEVELOPING A SUBMISSION 

You may agree or disagree, or comment on, the general issues associated with the proposal 
or with specific issues. It helps if you give reasons for your conclusions, supported by 
relevant data. 

You may make an important contribution by suggesting ways to make the proposal 
environmentally more acceptable. 

When making comments on specific issues 

clearly state your point of view; 
indicate the source of your information or argument if this is applicable; and 
suggest recommendations, safeguards or alternatives. 

POINTS TO KEEP IN MIND 

By keeping the following points in mind, you will make it easier for your submission to be 
analysed. 

Attempt to list points so that the issues raised are clear. A summary of your submission is 
helpful. Refer each point to the appropriate section, chapter or recommendation in the 
document describing the proposal. If you discuss sections of the proposal keep them distinct 
and separate, so there is no confusion as to which section you are considering. 

Attach any factual information you wish to provide and give details of the source. Make 
sure your information is accurate. 

Please indicate whether your submission can be quoted, in part or in full, by the EPA in its 
Assessment Report. A list of those groups or individuals making submissions is usually 
included in the Environmental Protection Authorities assessment reports, unless their is a 
specific request that the group or individual not be listed. 

REMEMBER TO INCLUDE 

YOUR NAME / ADDRESS / DATE 

SUBMISSIONS SHOULD BE ADDRESSED TO: 

The Chairman 
Environmental Protection Authority 

I Mount Street 
PERTH WA 6000 

Attention: Mr S Watson 
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SUMMARY 

SECWA proposes to increase the generating capacity of the Pinjar Gas 

Turbine Power Station by approximately 300 MW. The expansion will 

involve either three 105 MW open cycle gas turbines or two 105 MW 

gas turbines in combined cycle with a 100 MW steam turbine. Eight 

gas turbines (37MW each) have been approved for installation at Pinjar 

by the Environmental Protection Authority and the station is presently 

under construction. This document seeks environmental approval for 
an additional three gas turbines of larger size than the existing turbines 

being installed. 

Initial plans for the power station, based on the 1988 Central Forecast 
electricity demand and on the assumption that a new base load power 

station would be commissioned by October 1994, led to the proposal 

for the Pinjar site for eight individual 37 MW gas turbines. 

Only seven 37 MW turbines are now proposed for installation. 

Therefore, whilst this document examines the effects of an additional 

three 105MW turbines it should be noted that the original approved 

station size will be reduced by one 37MW turbine pending approval of 

this expansion proposal. 

The site has been planned to accept a range of turbine sizes and also 

to allow further turbines to be accommodated. This was intended to 

allow review of the optimum size of the gas turbines needed to fully 

develop the site after the installation of the seventh 37 MW gas turbine. 

Sufficient space has been provided to accommodate the addition of 

waste heat recovery boilers and steam turbine plant, should adequate 

supplies of gas become available at a cost that would enable 

economical conversion of the power station to combined cycle mode. 

The most recent generation planning studies, based on December 

1989 electrical load forecasts, indicate that compared to the 1988 

Central Forecast, an additional 300 MW of gas turbine plant will be 

required to meet demand until a new base load plant enters service. 

Present planning is for the new base load plant to enter service during 

1995, a delay of one year compared to the initial planning 

assumptions. 
Bowman Bishaw Gorham 



	

5. 	A range of possible sites for the installation of the additional turbines 

was examined. These included: 

Pinjar Gas Turbine Power Station 

Hill River 

Breton Bay 

Kwinana Power Station 

North Dandalup 

Kemerton 

Bunbury Power Station 

	

6. 	The major criteria used to evaluate and compare these sites were: 

environmental factors including: 

- 	noise 

atmospheric emissions (NOr) 

- 	saline cooling water discharge aspects 

- 	proximity to existing and likely future urban areas. 

proximity to Dampier - Bunbury natural gas pipeline 

proximity to a suitable transmission line to allow connection of the 

electrical grid 

access to sufficient quantities of suitable quality water at 
reasonable cost for cooling purposes shbuld combined cycle 

become desirable. (Dry cooling is an option, although there are 

cost and efficiency penalties) 

proximity to existing gas turbine maintenance facilities 

7. 	From the available alternatives, Pinjar was found to be the preferred 

site, for the following major reasons: 

Pinjar is a developing site with sufficient area to accommodate the 

additional turbines. 

There is a well developed infrastructure in place to support both 

construction and operation-of the additional turbines. 
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C) 	The site is close to the Dampier to Bunbury gas pipeline, and is 

already connected to this pipeline via a new gas lateral with 

sufficient capacity to supply the additional turbines. 

Suitable transmission lines to connect the additional turbines to 

the grid have already received approval from the Environmental 

Protection Authority following assessment of the original proposal, 

and will be constructed during 1991/92. 

The Pinjar site will support a gas turbine maintenance workshop 

which can be utilized to service the additional turbines as well as 

those already approved. 

Investigations of the effect of gaseous emissions from the 

additional turbines on ground level air quality in the surrounding 

area, have shown that Australian and International standards for 

acceptable air quality will not be exceeded. 	A broad 

generalisation of the results of sophisticated but conservative 

atmospheric dispersion modelling, is that emissions from the 

expanded power station should not reach more than 60%  of the 

AEC/NHMRC (1987) goal for NO2, which is the most 

environmentally important emission from the turbines. 

Further investigations indicated that NOx  emissions from the 

additional turbines would not promote photochemical smog 

production in the Perth Metropolitan Region airshed. 

The site is isolated and surrounded by a large buffer zone which 

is free of residential dwellings and consists of either vacant Crown 

Land or State Forest supporting pine plantations and Banksia 
Woodland. Therefore, no changes to land use are likely within 

this zone in the foreseeable future. The site does not present 

potential for noise nuisance. 

8. 	Environmental impacts are not considered to be a constraint to the 

proposal to expand generating capacity at the site. As noted above, 

investigations have shown that the additional impacts of noise and 

gaseous emissions from the proposed Frame 9 turbines, which are the 
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major potential sources of environmental impact, will be very, small 

beyond those already identified for eight Frame 6 gas turbines, which 

have been assessed by the EPA and found to be acceptable. 

The environmental monitoring and management programme that has 

already been developed for the Pinjar site in consultation with the 

Environmental Protection Authority and relevant regulatory authorities, 

will require only minor amendments in order to cater for the additional 

turbines. 

Monitoring programmes that are being conducted or are proposed by 

SECWA, following agreement with State Government regulatory 

authorities, and will ensure that environmental management is effective 

include the following: 

Noise measurements are being taken at appropriate locations 

within the site and along the site boundary following the 

commissioning of each unit. Noise monitoring will be conducted 

on an annual basis when all turbines are installed. 

Additional measurements will also be taken within the buffer zone 

and at the nearest residential location to establish noise levels 

resulting from various load and weather conditions. The results 

of the monitoring will be reported annually to the EPA. 

The concentration of NOx  in the stack emissions from each 

turbine will be measured following commissioning and annually 

thereafter, and will be reported to EPA. SECWA will liaise with 

EPA in relation to additional emission monitoring that may be 

required. 

The handling and storage of distillate and chemicals for both .the 

construction phase and operation .phase is carried out in 

accordance with the Water Authority's requirements, recognizing 

that the power station site is located within the Gnangara Water 

Reserve which is also designated as a Priority One source area 

within the Water Authority's Draft Land Planning and. 
.. 	Groundwater Resource Protection Policy. (1990). Extensive 
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specifications for safe handling of potential groundwater 

contaminants have been developed and incorporated in working 

procedures for construction and operation of the power station. 

A contingency plan for accidental distillate spillages within the 

site or along existing roads to the site (within the Gnangara Water 

Reserve) has been developed. In the event of accidental 

spillage, all spilled distillate, contaminated soil and other matter 

will be recovered and disposed to the satisfaction of the Water 

Authority of Western Australia. 

A total of seven monitor bores have been installed by SECWA 

around the power station site and a full complement of samples 

have been analysed to enable background conditions to be 

determined. 

Groundwater samples will be recovered from each monitor bore 

on a quarterly basis and will be analysed for a range of routine 

water quality parameters including hydrocarbons to the 

satisfaction of the Water Authority of Western Australia. 

In addition, on an annual basis, monitor bore samples will be 

analysed using extra sensitive techniques to detect trace organic 

chemicals that may indicate release of petroleum products. 

On a quarterly basis water samples will be collected from the 

underdrains that have been installed beneath the stormwater 

evaporation pond and the emergency distillate fuel storage tank, 

and analysed for a range of routine water quality parameters 

including hydrocarbons. As for groundwater samples, on an 

annual basis, underdrain samples will also be analysed using 

extra sensitive techniques that will detect release of petroleum 

products. 

Water samples will be collected and analysed by a NATA 

registered laboratory according to methods approved by the 

Water Authority. 
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(h) Dieback disease protection measures have been instituted 

according to CALM's requirements and close liaison with the 

CALM Area Managers office is maintained. 

- 	 (i) Fire management is carried out in accordance with the Bush Fires 

Board's requirements. Fire management measures include: 

• 

	

	controlled burning programmes in the vicinity of the power 

station, to develop a mosaic pattern of fuel reduction and 

buffer burning conducted in accordance with the Bush Fires 

Board's procedures, and 

- 	 • 	the establishment of heavy vehicle crossing points at 1km 

intervals along the length of the gas pipeline. 

11. 	The results of technical investigations led to the conclusion that 

- 	expansion of the power station's capacity through the installation of an 

additional three 105 MW Frame 9 gas turbines, or two 105 MW Frame 9 

gas turbines in combined cycle with a 100 MW. steam turbine plant will 

not create unacceptable impacts. Monitoring programmes will ensure 

that environmental management objectives are maintained to the 

satisfaction of SECWA and environmental regulatory authorities. 
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10 INTRODUCTION 

1.1 	Purpose 

The State Energy Commission of Western Australia (SECWA) proposes to 

increase the potential generating capacity of the Pinjar Gas Turbine Power 
Station by approximately 300 MW. This will be achieved by the staged 

installation of three open cycle 105 MW Frame 9 gas turbines to be operated 

on natural gas fuel at intermediate capacity factor. There is also a possibility, 

depending on gas supply factors, that instead of adding the third open cycle 

turbine the initial two open cycle gas turbines may be converted to combined 

cycle by the addition of two waste heat recovery boilers and a steam turbine 

that would utilize waste heat to generate a further 100MW of generating 

capacity. 

The power station is presently being constructed at a remote site north of Perth. 

The location of the power station is shown on Figure 1. Approval has been 

obtained by SECWA for the installation of 8 x 37 MW gas turbines at Pinjar 

(see Appendix G). These will be used primarily to meet peak electricity 

demand and therefore will operate at a low capacity factor. 

This document contains a concise summary of the technical information 

required for assessment by the EPA and other relevant State and Local 

Government Authorities, of the proposal to increase the power station's 

generating capacity. 

Whilst many aspects of the existing Pinjar Gas Turbine Power Station project 

will not be affected by this proposal, it has been necessary to re-present 

information that has previously been assessed and approved by Government, 
to enable description of the present proposal in the context of the overall 

project. 

1.2 Background 

During 1988, SECWA's power supply planning studies concluded that the 

establishment of a power station consisting of eight 37 MW Frame 6 gas 

turbines utilizing natural gas from the north west shelf would be the most 

functional and economical way of meeting peak electricity demand in the early 

to mid 1990's. 

Bowman Bishaw Gorhani 



41 

Following theconsideration of a number of potential sites, a location at Pinjar, 

some 45km by. road •north of, the Perth CBD, was selected based on 

environmental, engineering and economic factors. 

A "Notice of Intent" for the proposal was prepared during 1988 in accordance 

with statutory and administrative procedures and submitted to the EPA. 

Following assessment of the proposal by EPA and other relevant State 

Government authorities, approval for the project to proceed was granted 

subject to a number of environmental management conditions. Overall, the 

proposal included the installation of the following plant and infrastructure: 

(i) 	8 x 37 MW gas turbines. 

Installation of a gas pipeline lateral linking the power station to the 

Dampier-Perth pipeline near Muchea. 

A switchyard to connect the power station to the existing Muchea-

Yanchep 132kV line and with capacity for further transmission 

connections. 

Two distillate emergency fuel storage tanks with a total capacity of 

1000 tonnes. 

A gas turbine maintenance workshop. 

Ancillary equipment and facilities. 

Construction of the power station commenced during 1989. To date, two gas 

turbines have been installed and commissioned, whilst the seventh is planned 

for installation by December 1990. An additional emergency fuel storage tank 

has also been constructed. 

The most recent generation planning studies based on September 1989 

electrical load forecasts, indicate that an additional 300 MW of gas turbine 

plant will be required to meet demand until a new base load power station 

enters service. Present plans are for a new base load station to be 

commissioned in 1995, which represents a delay of one year,  compared to the 

planning assumptions from which the necessary generating capacity of the 

Pinjar power station was determined. 	; 
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Following the comparative evaluation of a number of possible sites for the 

additional turbines, which will consist of 3 x 105 MW Frame 9 units in open 

cycle, or possibly 2 x 105 MW turbines in combined cycle with two waste heat 

recovery boilers and a 100 MW steam turbine, Pinjar was determined to be the 

most desirable. Environmental, planning, social, engineering and economic 

considerations were influential in the selection of Pinjar as the preferred site. 

1.3 Scope and Timing of the Proposal 

Recognizing that all approvals for the construction and operation of 280 MW of 

gas turbine plant, ancillary plant and infrastructure have previously been 

obtained by SECWA for the Pinjar site, the scope of the present proposal is 

limited to the installation of an additional (nominal) 300 MW of turbine plant. 

Present plans are for three open cycle 105 MW Frame 9 gas turbines to be 
constructed and operate on natural gas fuel as peak lopping to mid-merit plant. 

However SECWA also wishes to retain the option of converting the first two 

105 MW gas turbines to combined cycle by the installation of a waste heat 

recovery boilers that would utilize waste heat from the gas turbines to generate 

additional electricity. Conversion of the first two open cycle Frame 9 turbines to 

combined cycle in preference to installation of a third open cycle Frame 9 

turbine, would only be viable if there is sufficient gas available at an 

economical price to allow the turbines to be operated at higher capacity factors. 

The timing of the proposal, in terms of projected dates by which each additional 

turbine is anticipated to be required for commercial service, are summarized 

below. 

Commercial Service Date 
	

Plant Type 

October 1991 

October 1992 

October 1993 

1 x 105 MW gas turbine 

1 x 105 MW gas turbine 

1 x 105 MW gas turbine or 

1 x 100 MW steam turbine 

(combined cycle) 
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1 .4 Stt'utOry Processes -and -Approvals 

SECWA will need to obtain-approval for the proposed additional turbines from 

State Government regulatory authorities. The approvals that must be obtained 

include the following: 

(i) 	The Environmental Protection Act, 1986 requires that any development 

which affects the environment must be assessed by the Environmental 

Protection Authority. One of four levels of assessment may be 

assigned to a proposal by the EPA These are: 

Informal Review 

Consultative Environmental Review 	 (CER) 

Public Environmental Review 	 .- 	 (PER) 

Environmental Review and Management Programme 	(ERMP) 

Consultative Environmental Review is the lowest level of formal assessment. 

This CER document will be made public for a period of 2 weeks during which 

submissions can be made. After the public comment period, the EPA will 

consider the proposal, including public submissions, which are confidential 

although the proponent will be asked to comment on the issues they raise. 

When the assessment is finished, the EPA will prepare a report which will 

summarise the issues and say whether the, project is environmentally 

acceptable and under what conditions. Anyone can appeal against -the content 

or recommendations of an EPA assessment -report.- 

Before a project can go ahead, the Minister for Environment must give approval 

and will set conditions which must be met by the proponent. Only the 

proponent can appeal against Ministerial- conditions which, when set are 

legally binding. 

(ii) 	An "Approval to Commence Development" will need to be obtained 

from the Department of Planning and Urban Development (DPUD). 

DPUD will -liaise with relevant regulatory authorit-ies in respect of 

planning issues and acceptability prior to the granting of approval to 

proceed.  
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2.0 PROPOSED LOCATION OF THE PROJECT, DESCRIPTION 

OF PLANT AND ALTERNATIVES CONSIDERED 

2.1 	Description of the Preferred Plant Option 

Following the evaluation of alternative plant options, SECWA has determined 

that the American General Electric Frame 9, 105 MW gas turbines are best 

suited to meet the requirement for additional generating capacity. Except for 

their larger size, the Frame 9 gas turbines are very similar to the Frame 6, 37 

MW turbines already installed at Pinjar. 

The Frame 9 turbines will be delivered as a complete weatherproof outdoor 

package consisting of an integrated gas turbine generator and exhaust system. 

Minimal installation work on-site will be required. Each unit will consist of the 

following basic components. 

Control Compartment 

Accessory Compartment 

Turbine Compartment 

Load Gear Compartment 

Generator 

Inlet Air System 

Gas Supply System 

Exhaust Air System 

Closed Circuit Air/Water Cooling System. 

The units are small and compact and have a stack height of 25m. Figure 2 

compares the plan and cross-sectional profile of a Frame 6, 37MW turbine to a 

Frame 9 105 MW turbine and constrasts their relative scale against mature 

plantation pine trees (Pinus pinaster). Figure 3a shows the proposed location 

of the Frame 9 turbines within the power station site. 

The turbine housing is designed to simplify maintenance and provide thermal 

and acoustic insulation. The housing also contains fire protection, ventilation, 

heating, and internal lighting systems. 

The units will be connected to the power station's switchyard and will be 

operated remotely from Perth. Unlike the existing turbines, there are no plans 
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for the Frame 9 turbines to Utiliedistillate fuelduringgas supply emergencies. 
However, the turbine design is such that it can be modified to burn distillate fuel 

if this is considered to be necessary in the future.. 

Whilst current plans for the first two 105 MW open cycle turbines are firm, the 

installation of the final 100 MW (nominal) of additional generating capacity 

scheduled for 1993, may be achieved by either: 

i) 	Installation of a third open cycle 105 MW Frame 9 gas turbine or, 

Conversion of the first and second open cycle Frame 9 gas turbines to 
combined cycle mode. Combined cycle plant is a combination of gas 

and steam turbine plant in which two conventional (Frame 9 105 MW) 

gas turbines are used to generate electricity, but the hot exhaust gases 

are directed through two waste heat recovery boilers before being 

discharged to atmosphere. Steam is generated in the boilers and is 

used to drive another turbine to produce additional electricity. 

Whilst combined cycle plant operates at higher efficiency than open cycle plant, 

i.e. more electricity can be produced per unit of fuel consumed, there are other 

considerations that must be weighed against this "face value" advantage. 

These include: 

The capital cost of combined cycle plant is higher than for open cycle 

plant. The nett cost of electricity produced overthe plant's operating 

lifetime is therefore sensitive to fuel cost. Higher service duty, using fuel 

supplied at economical prices, must be assured over the plant's 

operating lifetime to guarantee a lower cost for each unit of electricity 

produced, such that the high initial capital cost for plant can be offset. 

A continuous supply of good quality water for boiler makeup and 

cooling must be available. An economic and environmentally 

acceptable means of treating and disposing saline wastewater must 
- " 	 also be available. The restrictions to allowable industry practices that 

are applied to the Gnangara Water Reserve (see Section 3.3) dictate 

that either a zero discharge .treatrnentplant,.or a saline wastewater 

pipeline to the coast would be needed to operate the combined cycle 

Bowman Bishaw Gorham 



7 

plant. Air cooling can be utilized for combined cycle plant however 
there are penalties in terms of higher capital cost for ancillary 

equipment and lower overall plant efficiency. 

(iii) 	The existing and planned open cycle Frame 6 and Frame 9 turbines will 

be remotely controlled. However, if converted to combined cycle, 

current regulations may require staff to be on-site to supervise the waste 

heat recovery boilers. 

The selection of the preferred means of developing the final 100 MW (nominal) 

of generation capacity therefore depends on several factors, some of which, 
notably gas prices, may well change prior to the time when plant must be 

ordered to meet development schedules. SECWA therefore wishes to retain 

the option of converting the first two Frame 9 open cycle turbines to combined 

cycle mode. SECWA will need to decide by early 1991, if it wishes to have 100 

MW of combined cycle plant by 1993. Figure 3b shows the proposed location 

of combined cycle plant within the power station site. 

2.2 Alternative Plant to Meet Power Supply Requirements 

The selection of new generating plant to meet increasing demand for electricity 

is influenced by a range of factors. The most important of these factors need to 

be recognised to gain an appreciation of the reasons for which 300 MW 

(nominal) of Frame 9 gas turbine plant is the preferred plant option to meet 

increasing demand in the early 1990's. 

SECWA has recently made available for public review, a report entitled "Power 

for Western Australia" (SECWA, 1990) which provides a synopsis of the way in 

which demand for electricity changes, how SECWA meets these changing 
demands of the fundamental engineering and economic considerations that 

influence and direct new plant and fuel type selection. The following section 

provides a summary of these aspects as they relate to gas turbine generating 

plant. 

2.2.1 	Forecast Electricity Demand 

Domestic, commercial and industrial activity requires a reliable electricity 

supply that must be able to supply the amount of electricity demanded at any 
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and every instant of time. Electricity cannot be 'stored'--on-apower supply 
system therefore as demand increases new plant must be brought into service 

and as demand drops, plant must be removed from service. 

Forecasts of demands and sales, and particularly the instantaneous peak 

demand, must be prepared for forthcoming years to determine how much 

generating plant must be available for service in any period. The forecast peak 

demand determines the size and timing of new generating plant. Forecast 

sales determine how much fuel is expected to be consumed and for how long 
each generator must operate during the year. Forecast sales therefore primarily 

determine the cost of operating the power supply system and so are a major 

factor in determining the type of generating plant to be installed. 

2.2.2 	System Reliability 

SECWA must have enoughgenerating plant available, at every instant of time, 

to meet electricity demand. Some spare plant, a reserve margin, is also 

required to cover for scheduled and unscheduled maintenance. Adding extra 

generating plant to the system will increase the reserve margin. However, 

generating plant is expensive and the actual reserve margin must be a balance 

between reliability and cost. 

Several different criteria are used by power utilities to determine the optimum 
amount of generating plant that should be installed. SECWA plans for a plant 

• reserve margin which provides a loss of load probability of 5-10 hours per 

annum. In practice, this gives a margin of 25-30% above forecast peak 

demand. Maintaining such a margin allows SECWA to achieve similar 

reliability levels to those experienced in the past and similar to those of other 

large, isolated power systems. 

The reserve plant margin is only a guide to generation requirements; detailed 

financial and technical analyses are required to develop a firm plant installation 

program. Such a program may well require a reserve plant margin outsideof 

the 25-30% range depending on the type of plant to be installed, the energy 

demand of expected future loads and the relative costs-of plant and fuel. 

Major emphasis has been placed in recent years on increasing the reliability 
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and availability of existing generating plant. SECWA's objective is to ensure 

that the availability of its existing plant is comparable with or better than that of 

similar plant operating anywhere in the world. 

2.2.3 Generating Plant Options to Meet Demand Growth 

Steam Turbine Plant 

In most of SECWA's power stations, coal, gas or oil is burned in boilers to 

produce steam, which in turn is used to drive a turbine coupled to an alternator 

which produces electricity. The plants are large with complex auxiliary systems 

to raise the efficiency and thereby reduce generating cost. As steam turbine 

plant is large, complex and has high capital costs for construction, it must be 

operated for long periods of time and must use low cost fuel so that the unit cost 

of electricity produced over the plant's working lifetime becomes acceptably 

low. 

Gas Turbine Plant (Open Cycle) 

The second major type of plant operated by SECWA is the gas turbine which is 

essentially very similar to the jet engine. A rotary compressor forces air into a 

combustion chamber in which fuel is burned. The energy released by 

combustion forces the resulting hot combustion gases to expand through a 

turbine which drives the electrical generator. The hot exhaust gases are then 

discharged directly to atmosphere through a stack. 

The capital costs of gas turbines are much lower than for steam turbine plant as 

they are simpler plant, do not require cooling water or associated plant, can be 

purchased in smaller economic sizes,have a shorter construction time and 

require few operations and maintenance staff. The key disadvantage is they 

can only burn gas or liquid fuel, which in general means their operating cost is 

higher than that of steam turbine plant using lower cost coal fuel. 

Combined Cycle Plant 

Much of the energy from fuel burned in a gas turbine is lost as heat within the 

exhaust gases discharged to atmosphere. Some of this energy can be 
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recovered by directing the hot exhaust through a waste heat-recovery boUer.to.... 

raise steam which is used 	 turbine and generate 

additional electricity. 

This type of plant, called combined cycle plant, produces considerably more 

electricity per unit of fuel than a simple open cycle gas turbine. However the 

plant capital cost is high, it is necessar-y-to provide cooling for the steam cycle, 

operating staff must supervise the-boiler and steam plant, and only higher cost 

liquid or gas fuel can be utilized. The decision to install combined cycle plant is 

complex. It must take into consideration a range of factors including the 

availability and operating costs of other plant and the availability and relative 

costs of alternative fuels. 

2.2.4 	Duty Required of Generating Plant 

Electricity demand varies considerably throughout each day and from day to 

day. To minimise operating costs, SECWA only schedules into service 
sufficient plant to meet expected demand plus some margin to allow for 

unexpected events. Thus, depending on the duty it has to perform, generating 

plant may be classified as: 

base load plant 

mid-merit plant 

peaking plant 

Base load plant is designed to run continuously at closeio full capacity. It is 

important to minimise the operating cost of this plant so it will generally have 

high efficiency and low fuel cost. Because of the high total output, the capital 

cost can be high without raising the unit electricity production cost excessively. 

Consequently, a higher capital cost can generally be justified for base load 

plant if increased efficiency and reliability allows operating costs to be reduced. 

Coal-fired plant has been the most economical base load plant for Western 

Australia because coal -hasbeen less expensive and more readily available 

than alternative fuels. 

Mid-merit plant would generally be started up in time to meet the rise in demand-

on weekday mornings and then operated throughout the day. It would not be 
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run overnight or at weekends except during periods of very high demand or to 

allow for maintenance of base load plant. This plant needs to have a 

combination of reasonably low operating and capital cost. SECWA has 

generally used older power stations to fulfil this role after they have been 

displaced from base load operation by newer, more efficient plant. 

Peaking plant operates only at times of high demand; for SECWA this generally 

means during the mid-winter and mid-summer peaks. Because the plant may 

only be operational for a small proportion of the time fuel costs are of secondary 

importance and the capital cost becomes the dominant factor in the investment 

decision. Gas turbines, such as those which SECWA is currently installing, are 

often used to fulfil this role as they are cheaper to purchase even though, as 

explained earlier, they can only use more expensive fuels such as gas or 

distillate. 

2.2.5 	Selection of Plant to Meet Forthcoming Demand Growth 

Within the context of this background, the factors that will lead to the selection of 

either: 

2 x 105 MW gas turbines in open cycle followed by a further 105 MW 

gas turbine in open cycle or; 

2 x 105 MW gas turbines in open cycle followed rby conversion of these 

turbines to combined cycle, to establish a further 100 MW of generating 

capacity 

to meet forthcoming requirements for additional mid merit generating capacity 

may be summarized as follows. 

i) 	SECWA's demand and sales forecasts indicate there will be a shortfall 

in mid merit plant generating capacity in the early 1990's, prior to the 

commissioning of a new base load coal fired plant, presently scheduled 

for 1995. 

For mid-merit plant, open cycle gas turbines of 100 MW (nominal) 

capacity represent the most economical option due to their low capital 
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cost. There are also engineering reasons forslectIng opeft cycle gas 

turbines for mid-merit duty, including their ability to be- .quickly.installed 

and commissioned and their ability to be rapidly brought into service. 

(iii) 	Coal fired steam turbine plant is much less suited to the projected 

requirement for additional mid-merit generating plant as: 

A considerable lead time for construction is required. 

The high capital cost cannot be offset by long running hours as the 

requirement is for mid-merit plant with intermediate service duty. 

The longer time required to "start-up" coal fired plant for entry into 

service reduces their flexibility. 

World wide trends are for construction of large capacity steam turbine 

plant. whilst SECWA's demand and sales forecasts indicate a need to 

meet demand in units of approximately 100 MW of mid-merit generating 

plant. 

The selection of the plant option for the third 100 MW of generating 

capacity, that present forecasts indicate must be in service by October 

1993, relies on a number of factors, principally the availability and cost 

of gas fuel, which are not known with certainty at this time. SECWA 

therefore requires the plant selection decision for the third 100 MW of 

generating capacity to be delayed.u.ntil gas fuel costs and availability for 

the period commencing in 1993, is known with more certainty. 

The option.of utilizing a larger number of smaller capacity gas turbines 

is not a consideration. There are engineering and economic 

efficiencies that may be gained from the, operation of smaller numbers 

of larger capacity gas turbine plant for mid-merit service. 	 . 

2.3 	The Preferred Location for Additional 'Turbines 	. 

Following the examination of a number of alternative sites for the additional 

turbines , the existing Pinjar Gas Turbine Power Station has been identified as 
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the preferred site, for the major reasons listed below. Figure 4, which is a 

recent aerial view of the power station site shows that it is large, remote and has 

a large reserve of available space within which to construct additional turbines. 

Environmental investigations conducted to evaluate the acceptability of 

8 x Frame 6, 37 MW gas turbines and ancillary plant, together with 

subsequent assessment by the Environmental Protection Authority and 

approval, confirm that subject to appropriate management, the site and 

the power station plant can comply with all regulatory requirements for 

environmental protection. 

Investigations of the potential environmental impacts arising from the 

additional 300 MW of turbine plant shows that these will be marginal 

compared to the currently approved plant. 

Environmental factors are therefore riot considered to constrain the 

site's suitability for expansion. (see Section 4.0). 

The site has an excellent buffer zone comprising State Forest and 

vacant Crown Land. Land use includes silviculture and management of 

native woodland for water production. The nearest dwelling is 4.5km 

from the site. There are no plans for land use changes that would be 

incompatible with operation of the Power Station, nor are any proposals 

for land use change likely in the foreseeable future. 

The Pinjar site is a developed site with ample space to accommodate 

the additional turbines and adequate infrastructure for their operation 

and maintenance. The power station site boundaries will not require 

expansion to accomodate the additional turbines. 

The existing and planned 132 kV transmission system linking the site to 

the interconnected electricity grid can accommodate the additional 

turbines without major upgrading. 

The existing gas pipeline has sufficient capacity to supply the turbines. 

For possible future combined cycle operations, water supply and saline 
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water disposal present. environmental and engineering constraints, 

however, closed circuit dry cooling can be used albeit at some cost 

penalty and reduced operating efficiency. 

2.4 Alternative Locations for AdditionalTurbines 

The alternative sites considered by SECWA for the additional turbines.are listed 

below, together with a summary of the disadvantageous characteristics or 

factors which led to the conclusion that Pinjar is the optimum site of those 

available. Compared to Pinjar, the alternative sites noted below have the 

following characteristics. 

Mungarra (East of Geraldton) 

The site is remote from the major electricity load area and would require 

330 kV transmission linesto be constructed from the metropolitan area. 

A supply of cooling water is not available on-site. 

Hill River (near Jurien Bay) 

This site requires the infrastructure of the proposed Hill River Power 

Station to be viable. 

Breton Bay 

The site is located at a distance of 40km from the main Dampier to 

Bunbury gas pipeline. 

New 330 kV transmission lines to the metropolitan -area would need to 

be constructed. 

Kwinana (existing power station site)  

Proposed environmental management policies--for- air quality in 

Kwinana, and the existing air quality would. require a higher level of 

emission control equipment to be incorporated-within the turbine plant 

than is currently available for these machines. 	. 	. 	. 	. 
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(v) 	North Dandalup 

The area has a predominance of privately owned land which would 

need to be purchased to obtain both a site and a noise buffer zone. 

The existing gas pipeline that passes through the area would require 

additional compressor equipment to be installed in order to meet gas 

requirements. 

There is no water supply readily available on-site. 

Because of problems with land salinization in the area, a 25km saline 

wastewater pipeline to the coast would be required. 

Kemerton (north of Bunbury) 

Upgrading and extra compression equipment would be required to 

extend the gas pipeline south of Wagerup. 

A saline wastewater pipeline to the coast would be required. 

All available water at the site has been allocated, therefore alternative 

water supplies would need to be developed. 

Bunbury (existing power station site) 

The gas pipeline would require extension at high cost. 

The area available for installation of turbines is restricted, and a remote 

switchyard would likely be required. 

Urban areas are located close to the site, which would restrict 

acceptable noise and air emission levels. 

Koombana Bay may not be capable of receiving heated water 

discharge from future combined cycle conversion. 
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3.0 DESCRIPTION OF THE EXISTING ENVIRONMENT 

3.1 Physical Environment 

3.1.1 	Climate 

The Pinjar area has a Mediterranean climate typical of the south-west coastal 

parts of Western Australia. Basic meteorological data has been collected at 

Gnangara since 1950, and Upper Swan since 1973. The data shows that 

annual rainfall is approximately 806mm/annum and evaporation 
2,048mm/annum. Winds are typically from the east and south west during 

summer and from the south and west during winter. 

A more detailed and sophisticated meteorological data base for Pinjar that 

incorporates atmospheric data collected at Kwinana, has been compiled for 

atmospheric emissions impact assessment, and is reported in Section 4.2. 

3.1.2 	Landform, Soil and Drainage 

The proposed power station site lies within the Bassendean Dune System, 

which comprises a dune landscape formed of leached siliceous sands with 

interspersed wetland areas supported by shallow groundwater. The site has 
been mapped as Jandakot Unit and comprises gently undulating terrain with 

low ridge and hill landforms. The Bassendean Dune landscape is continuous 

for a considerable area around the site.. 

3.1.3 	Groundwater 

The power station is located above the Gnangara Mound, which is a significant 

shallow groundwater resource located between the Swan River and Gingin 

Brook (see Figure 5). The groundwater is of good quality and requires minimal 

treatment to meet potable standards. 

The Water Authority of Western Australia abstracts groundwater from the 

Gnangara Mound for supply to the north west corridor and has recently 

commissioned a new borefield east of Lake Pinjar. 

Further bores are planned for the area to the west of Lake Pinjar. At the power 
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station site, the water table is loatedapproximateIy 20m below ground surface 

at approximately 55m AHD. Groundwater flow direction is west-south-west. 

3.2 Biological Environment 

3.2.1 	Vegetation 

The power station is located within a large tract of native woodland vegetation 

that extends for a considerable distance in a northerly direction but is bounded 

by pine plantations to the south and west, and farming land to the east. 

A parcel of land that includes the power station and its surroundings has 

recently been proposed for incorporation into the CALM Estate as an extension 

to State Forest 65 (CALM, 1987). The native vegetation within this area will be 

conserved and managed for the purpose of water-production and nature 

conservation (Briggs, CALM pers comm., 1988). 

The area's vegetation has been mapped as Bassendean Complex-North 
(DCE, 1980). At the power station, the surrounding vegetation structure is low 

woodland and low-open woodland comprising Banksia spp overstorey with a 

diverse shrub understorey. Tree species present include Marri (Eucalyptus 

caloDhylla), Jarrah (E. marginata), and prickly bark (E. todtiana), however, the 

Banksias (B. menziesii, B. attenuata and B.ilicifolia) are the most prevalent. 

Dieback is thought to be present in isolated patches throughout the area, 

although none has been specifically identified atornear the-power station. 

SECWA's current operations at Pinjar incorporate dieback disease hygiene 

procedures according to CALM's requirements. Close liaison is maintained 

with the CALM district office at Wanneroo. 

3.2.2 	Fauna 

Faunal communities that presently inhabit -the -areas surrounding the power 

station are likely to be repreehtativeofthe- drierBassendan Dune areas of 

the Northern Swan Coastal Plain. 	- . ........•.. 
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A fauna survey of the Northern Swan Coastal Plain was conducted by the W.A. 

Museum (1977-78) in relatively undisturbed locations, such as Yanchep 

National Park. Twelve native mammals were found and a further three were 

considered to possibly exist in the area. 

Storr et al (1978) compiled an annotated species list of 223 birds in the 

Northern Coastal Plain. It was noted that those species that had become 

locally extinct, usually inhabited wetlands or forests. 

The Northern Coastal Plain supports a diverse herpetofauna of seventy 

species. Seventeen of these are considered to be scarce on the plain but well 

represented elsewhere in the south-west of the State. 

3.3 Socio-Economic Environment 

3.3.1 	Population 

The Pinjar area consists largely of State Forest and Crown land and is sparsely 

populated. The closest residences to the power station are located within rural 

land at Lake Pinjar. The most immediate residence is situated at the north-

eastern end of Lake Pinjar on Perry Road, a distance of 4.5 km SSW of the 

power station. Approximately 25 other residencies associated with rural 

activities are scattered throughout the Lake Pinjar area. The nearest farming 

land to the power station, in an easterly direction, lies at a distance of about 12 

km. 

The closest suburban residential areas are Wanneroo (35 km 5), Yanchep (30 

km WNW), and Muchea (15 km E). These townships have populations of 

8,582, 775, and less than 200 respectively (Australian Bureau of Statistics, 

1986 Census). 

3.3.2 	Current Zoning, Land Use and Land Management 

a) 	Zoning 

The current zoning of land in the vicinity of the power station is shown on 

Figure 6. The principal zonings are; 
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Vacant-Crówn land; vesred in theCommonwealthGovernment for 

PublicPurses;-withsections held-by the Department of Defence. 

ii) 	State Forest vested in the Lands and Forest Commission. 

Rural zoned land, privately owned, located within the Shires of 

Wanneroo and Chittering. The City of Wanneroo is presently 

examining the possibility of creating Special Rural Zonings within the 

Lake Pinjar area. 

b) 	Land Use 

Within the area surrounding the power station, the current land uses are as 

follows; 

i) 	A large tract of veget-ated land lies within the power station site 

boundaries but has notbeen required forplant or infrastructure. (see 

Figure 4). 

Commonwealth land vested in the Department--of Defence is used for 

training purposes. Some parts of this land have previously been used 

as a bombing range by RAAF aircraft based at Pearce Airbase. A rifle 

range is also located within the Commonwealth land, some 5 km south 

of the power station. 

ui) 	State Forest No. 65 has been-largely cultivated aspine plantation 

using Pinus Pinaster. However, localized areas-remain -as natural 

vegetation. The area is also used by apiarists, wildflower pickers and 
- 	

four-wheel-drive enthusiasts. 

iv) 	CALM has recently proposed to establish theYeal Swamp Nature 

Reserve within an area of State Forest -located to the -north of the site 

(CALM, 1987). The closest boundary of the Nature Reserve would be 

located approximately 5 km north of the power station site. 

- 	v) 	Rural land at Lake Pinjar is used for horse agistment and breeding, 

stockgrazing, poultry farming, piggeries, dog kennelsand market 

gardening. 
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Two SECWA transmission lines, the Yanchep-Muchea 132 kV line and 

the Muchea-Eneabba 132 kV line, traverse the area and lie within a 

short distance of the power station. Together the existing transmission 

lines connect the power station to the electricity grid. (Refer to Figure 

1). 

Easements containing the WANG pipeline and the Dampier to Perth 

pipeline are located approximately 10 - 12 km to the east (Refer to 

Figure 1). 

The Water Authority operates abstraction bores at Lake Pinjar. The 

Pinjar Public Water Supply Scheme will consist of bores located in two 

lines, located along the eastern and western margins of Lake Pinjar 

and continuing north for approximately 5 km. To date, the eastern arm 

and a proportion of the western arm of the Pinjar bore field have been 

constructed (Refer to Figure 5). The Water Authority has predicted that 

abstraction by the Pinjar Scheme will reduce the average water table 

height in the vicinity of the site by 1.0 - 1 .5m. (Water Authority, 1986). 

c) 	Land Management 

The power station is located within a tract of vacant Crown land that is 

presently administered by the Department of Land Administration, but is 

proposed for incorporation to State Forest No. 65. When this change of tenure 

has occurred, the land will be managed by CALM as State Forest according to 

the specifications and objectives that are set out within the Northern Forest 

Region Management Plan (CALM, 1987). 

Establishment and operation of a power station within land proposed for 

incorporation to State Forest No. 65 is consistent with its designated "multiple 

use" purpose described in the Northern Forest Region Management Plan 

(CALM, 1987). 

The power station is located within the Gnangara Water Reserve, established 

by the Water Authority of Western Australia to protect groundwater resources 

within the Gnangara Mound (Refer to Figure 5). 

Further management specifications and priorities for this area of land are set 

out in the Draft "Gnangara Mound Groundwater (Crown Land) Environmental 
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Protection Policy 1989. The purpose V bfThis Environmental ProtectionPolicy V 

(EPP) is to protect the quantit  an 	ualityof. groundwater resources for 

identified beneficial uses in accordance with the State Conservation Strategy 

and, in particular, with the followingprinciples; 

to ensure the sustainable utilization of groundwater resources; 

to maintain and enhance environmental qualities; and 

to maintain essential ecological processes and life support systems. 

The EPP proposes for the groundwater resource to be protected through the 

restriction of land use to those activities that can be demonstrated to achieve 

the objectives noted above. These include: 	V 

undisturbed native vegetation 

limited recreation 

limited grazing of unirrigated pasture 

abstraction of groundwater for public water supply. 

For other proposed lnd uses, formal Environmental Impact Assessment under 

Part IV of the Environmental Protection Act, 1986, must be conducted and must 

confirm that the proposed activity will not affect the uses previously noted. 

3.3.3 	Future Land Use 

The most recent review of the Perth Corridor Plan and the Metropolitan Region - 

Scheme (SPC, 1987) has resulted in the planning proposals shown-onFigure 

7. The significant features of the (then) State Planning Commission's 

proposals in relation to the power station locality are as follows; 

• 	(i) 	Further. development V of urban areas within the Northern Corridor V 

should be confined to the Vcoastal  areas between Wanneroo and 
V 	 Ychep and m.th .Vare.a irnrnediately east of Lake Joondalup. •The. 	V 

V 	
power station site lies a minimum of 15km away from theseareas.  :. • V V V 

V 	
(ii) 	It was proposed to establish the Gnangara Metropolitan  Park, which 	V 
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would link a series of open space areas that occur between Whiteman 

Park and Yanchep National Park. State Forest No. 65 will be an 

integral component of the Gnangara Metropolitan Park. 

In the near future, the Department of Planning and Urban Development will 

release its final report for the future planning of Perth following several years of 

reviewing the proposals identified in the 1987 report. 

3.3.4 	Ethnography and Archaelogy 

An ethnographic and archaeological investigation of the lands that are 

influenced by the power station and gas pipeline was conducted by 

independent specialist consultants prior to construction. The methodology 

employed in the investigation followed guidelines suggested by the 

Department of Aboriginal Sites, Western Australian Museum. 

Systematic survey of the power station site, evaluation of previously collected 

records and discussions with members of appropriate Aboriginal Communities 

provided the following results and conclusions:- 

No archaeological sites were located at the power station site or within 

the buffer zone. 

The absence of sites may be partially explained by the apparent lack of 

water in this general area. 

i) 	No aboriginal sites have been previously recorded at or near the gas 

pipeline. 
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4.0 ENVIRONMENTAL ASPECTS AND IMPACT ASSESSMENT 

4.1 	Noise 

The operation of gas turbine plant unavoidably results in the generation of 

noise. The air intake and compression system, exhaust gas system and 

machine vibrations are the principal sources. Whilst noise suppression devices 

are incorporated within the turbine enclosure, there are engineering limits to 

their effectiveness. As a consequence, operation of turbines introduces a 

persistent but variable source of noise to their immediate surrounds. 

Investigations conducted to assess noise levels arising from the operation of 

eight Frame 6 turbines and reported in the Notice of Intent for the power station 

proposal (Bowman Bishaw & Associates, 1988), showed that under full load 

conditions for all turbines, noise levels within land outside a buffer zone of 2.5 

km radius centred on the power station site, would comply with "Assigned 

Outdoor Neighbourhood Noise Levels" which are established under the 

Environmental Protection Act, 1986. 

Table 1 of the Schedule of allowable noise levels contained within the 

regulations indicates that land peripheral to the Station may be classified as 

receiving environment Category A Type 1 which is described as "Only or 

predominantly country with negligible transportation". The most stringent 

Noise Level Standard for this category of receiving environment is 30 dB(A). 

Background levels of ambient noise at the nearest residence to the power 

station have recently been measured to be 27 dB(A). 

In view of the nature of surrounding land the establishment of a buffer zone 

around the power station was considered to be the most appropriate 

management technique for turbine noise. Within the buffer zone, land uses are 

restricted to those that are compatible with a potentially high ambient noise 

environment. 

The operation of additional gas turbines at the power station will introduce 

further sources of noise, which must also be managed to comply with 

regulatory standards. SECWA therefore engaged a specialist Noise 

Consultant to predict the changes to noise levels in the surrounding 
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environment arising from the operation of three Frame 9 turbines, relative to 

specifications contained in Table 1 of the Neighbourhood Noise regulations. 

Figure 8a presents the results of mathematical modelling of the noise levels 

created by various configurations of turbines operating at full load, based on 

the manufacturers typical performance guarantees for Frame 9 turbines, which 

specify maximum operations noise at full load will be; 

85 dB(A) at 1 m distance 

62 dB(A) at lOOm distance 

The results of noise modelling are also applicable to the combined cycle plant 

options. Noise from combined cycle plant will be less than three open cycle 

Frame 9 turbines but greater than two open cycle Frame 9 turbines. Whilst the 

steam turbine plant and waste heat recovery boilers will be housed in an 

acoustic ëhclosure there will be some noise generated by associated cooling 

plant. 

The model assumes that the surrounding land is flat and unvegetated, 

therefore the results are conservatively high. 

The data within Figure 8a indicates that-for-very occasional periods when all 

turbines may be operating at full load, areas of land beyond the present 2.5 km 

buffer zone, to a radius of 3.1 km around the power station, may have noise 

levels that exceed the most stringent allowable noise specification of 30 dB(A) 

by up to approximately 3dB(A). 

Whilst the conservative nature of the modelling predictions indicates that in 

practice, the 2.5km buffer zone will be sufficient, for the purposes of security of 

compliance with regulations, increasing the radius of the buffer zone to 3.1 km 

is considered to be appropriate. Figure 8b shows- the size and extent of both -: 

the present and proposed increased noise buffer zone. - 

The most important aspect of the noise modelling .-results concerns the 

predictions of noise levels at the closest residence, during turbine operation.., 

Figure 8a shows that even when conservative modelling is conducted, the 

results predict that the power station can be operated at full load without 

resulting in noise levels that exceed- the "Assigned Outdoor Neighbourhood 

Noise Levels" at the nearest residence. It is relevant to note that the 
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construction of residences that are substantially closer to the power station 

than the current closest residence, cannot proceed under present conditions of 

land ownership and zoning. Neither of these are expected to change in the 

forseeable future. 

4.2 	Atmospheric Emissions 

4.2.1 	Introduction 

The combustion of natural gas in a gas turbine produces hot waste gases, 

consisting mostly of nitrogen, oxygen, carbon dioxide and water vapour. Whilst 

gas turbine emissions are effectively free of the sulphur compounds and 

particulates that are traditionally associated with coal and oil tired power 

station emissions, they do contain oxides of nitrogen (NOr) at a significant 

concentration, principally nitrogen oxide (NO) with a small proportion of 

nitrogen dioxide (NO2). 

The environmental effects of NOx  emissions from the proposed additional 

turbines and from the power station as a whole have been investigated by 

SECWA. Similar to earlier investigations conducted for the Frame 6 turbines, 

the investigations have concentrated on three principal effects:- 

I) 	The resultant ground level concentrations of NO2 in the peripheral 

environment in comparison to national and international ambient air 

quality goals. 

The relationships between NOx  emissions and photochemical smog 

potential. 

The contribution of NOx  emissions to atmospheric loadings of acid 

gases. 

Gas turbines also emit minor quantities of carbon monoxide and unburnt 

hydrocarbons at levels (typically 10-20ppm by volume of exhaust gas) which 

have negligible environmental significance. 
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4.2.2 	Emission - Criteria and Applicability 

Currently there are no W.A. standards to limit emission of NOR. However, the 

NHMRC provides guidelines describing the acceptable composition of 

atmospheric emissions from industry. Relevant guidelines applicable to NO 

emissions from power generation .plant are listed in Table 1. The relevant 

criteria for combined cycle operation of gas turbines are unclear. 

Table 1 

Selected Emission Quality Guidelines 
for New Stationary Sources 

Pollutant 

Standard 

Applicable To Guideline Notes 

Nitric Acid or Gas Turbines, Calculated as 

oxides of nitrogen for gaseous fuels, NO2 at 15% 

greater than 10 MW 0.07 gIm3  oxygen reference 

for other fuels, 

greater than 10 MW. 0.09g/m3  - 

Steam Boilers for Calculated at 

gaseous fuels 0.35 g/m3  7% oxygen 

oro.15g/m3  

NO2 at 15% 

- 	oxygen reference 

Reference: NHMRC (1986) 

For comparison, Table 2 describes the emission characteristics of Frame 6 and 

Frame 9 gas turbines. These are typical figures as the composition of the 

emission will vary slightly in response to fuel type, load condition and ambient 

air temperature. 	 - 	- 
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Table 2 

Typical Exhaust Gas Characteristics for 37 MW Frame 6 Gas 
Turbines and 105 MW Frame 9 Gas Turbines 

Fuel Type 
Load 

Condition 
Ambient 
Temp °C 

Exhaust 
Temp °C 

Volumetric 
Flow 2  

Rate m3/s 
NOx  
gIm3  

Frame 6 

Gas Base (37 MW) 1 25 549 286 0.42 

Emergency 

Distillate Base (37 MW) 1 25 559 289 0.54 

Frame 9 

Gas Base (105MW) 30 530 925 0.262 

	

Notes: 1 	Whilst the turbines have a nominal rating of 37 MW, output can 

vary between 29 MW - 40 MW depending on ambient 

conditions and fuel type. 

	

2 	Volumetric flow rate in m3/sec at actual exhaust temperature. 

	

3 	NOx  expressed as NO2  at S.T.P. and 15% 02. 

Preliminary consideration of the turbine emissions indicates that both Frame 6 

turbines and Frame 9 turbines exceed the relevant NHMRC NOx  concentration 

guideline of 0.07g/m3. 

Within the Notice of Intent submitted to EPA in relation to the proposal to 

operate the already approved Frame 6 turbines at Pinjar (Bowman Bishaw and 

Associates, 1988) SECWA argued that compliance with ground level 

concentrations of NO2  recommended by national and international regulatory 

authorities would be the most appropriate approach to air quality impact 

assessment and the NHMRC NOx  guidelines for gas turbines should not be 

considered a constraining factor in the assessment of the acceptability of 

turbine emissions to the atmosphere. 

The same submission is made in relation to air quality impact assessment of 

the proposed operation of the additional Frame 9 turbines. 
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In a. following section,results are provided from a sophisticated atmospheric 

dispersion modelling study that has been conducted to determine the impact of 

exhaust gas emissions from the; additional Frame 9 turbines on- Ground Level 

Concentrations (G.L.C.'s) of NO2  in the surrounding environment relative to 

relevent National and International Standards and Guidelines. 

The potential for the additional NOx  emissions from the proposed extension to 

Pinjar power station to influence photochemical smog formation and contribute 

to atmospheric acid gases is also examined in later sections. 

The results of the modelling investigation show that air quality targets 

regarding ground level NO2  concentrations can be readily achieved, with a 

substantial margin of safety, despite the greater stack gas concentrations of 

NOx  compared with NHMRC guidelines. Also, the impact of extra NO 

emissions on photochemistry and acidic gas deposition in the Perth airshed is 

minimal. 

It is technically feasible to reduce stack gas NOx  concentrations to meet the 

NHMRC guidelines. However, the economic, environmental and logistic costs 

of implementing NOx  reduction technology are very high compared to the 

environmental quality benefit that would be obtained, would be a significant 

imposition on SECWA and would result in a higher cost of electricity in the 

State. 

Methods for reduction of NO emissions from gas turbines include special 

designs of burner and combustion chamber configurations and catalytic 

reduction using such chemicalsasammonia. These technologies are still in 

developmental stages and are not-as yet commercially available at reasonable - .-- 

costs. 	 - 

Best available technologyfor this purpose relies on reducing turbine flame-

temperatures by injecting water or steam with the fuel, into the combustion 

zones. To achieve a reduction of 85% NOR , a 0.9:1 water/fuel ratio must be 

used. This has several compensating disadvantages. 	 - 

Whilst the application of water +njectiontec.hnology -for NO control is technically 

straightforward, the support infrastructure for the water: injection process is 

quite extensive. 	 - 
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To routinely achieve NOx  reductionwithin the stack gas from Frame 9 turbines 

at Pinjar the following requirements and factors would arise; 

Water injection equipment must be purchased and fitted to the turbines. 

A continuously available source of good quality water must be 

developed to meet water requirements that are estimated to be 

approximately 1000m3Iday. At the Pinjar site, good quality 

groundwater can be obtained but this groundwater already has 

important current and future uses for Public Water Supply and for 

environmental maintenance (wetlands). 

A sophisticated water treatment plant must be established at the Power 

Station as even good quality water needs to be reliably treated to very 

high purity prior to injection into the combustion chamber, to prevent 

damage to the turbine blades from soluble salts within the water. 

A water treatment plant based on Reverse Osmosis and Deionization 

would produce a steady stream of high salinity wastewater containing 

soluble salts removed from the source water prior to injection to the 

turbines. This wastewater, which would be produced at a rate of 

1 75m3/day would need to be treated and disposed under 

environmentally acceptable conditions, as the Pinjar Power Station is 

located within the Gnangara Water Reserve. Saline wastewater could 

not be disposed on-site and would therefore require pipeline transfer to 

a remote treatment/disposal location, possibly involving discharge to 

the ocean. 

On site evaporation ponds and the resultant highly concentrated saline 

residue would similarly not be acceptable in this sensitive area. 

Water treatment plant for high purity water and wastewater treatment 

will require the transport to and storage on site of potentially hazardous 

process chemicals. Caustic soda and acid are the major requirements. 

Although manageable, these activities pose further risk to the 

Gnangara Water Reserve. High purity water of the quality and quantity 

needed, cannot be economically transported over long distances. 
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The bërational and infrastructural requirements of--saline wastewater 

management -could be achieved by careful engineering design and 

operation, however, the need to store water-treatment chemicals on-

site and the routine production of a saline wastewater within the 

Gnangara Water Reserve would create a contamination risk to the 

groundwater resource that would be- better '-avoided- if possible. 

Although saline wastewater may be considered relatively benign as an 

environmental contaminant, its disposal to sea or land will have some 

environmental impact. 

Maintenance of the water supply borefield, -the water treatment plant, 

the water injection equipment and management of saline wastewater 

disposal would have high capital, operational and maintenance costs. 

Although water injection allows more power to be obtained from gas 

turbines, this is-achieved at a reduced efficiency of generating 

electricity. Typically, the base load efficiency would drop from abbut 

31% to 28%. Any benefits thus arising from reduced greenhouse gas 

(G02) emissions by the use of gas turbines would be diminished. 

With the turbines operating on gas, water injection rates necessary to 

achieve the NHMRC guideline are excessive and the turbines would 

need to operate close to the limits of combustion stability. Meeting the 

emission guideline when operating on distillate fuel may not be - 

possible at all. 	 - 	- 

- - - 	It is therefore concluded, in recognition of these iacto-rs; that incorporation of 

- - NO control technology within the Frame 9 turbines, to enable compliance with 
- - 
	NHMRC guidelines is not warranted on environmental grounds and would 

have costs to SECWA that are disproportionally high, compared to the 
- - 	obtainable benefits to environmental quality.---------- 

4.2.3 	Ground Level Concentrations ,of. NO2 	-- 

(i) 	Introduction 

- 	Nitrogen oxides (NO) emitted from gas turbines consist primarily of nitric oxide 
- 	 (NO) with smaller amounts of nitrogen dioxide -(NO2).---- It is the-  latter gas which - ,,, 

- 	- 

 

is of- concern as a primary pollutant and the subject of guidelines for allowable 
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ground level concentrations. Once emitted from a stack , NO undergoes a 

transformation to NO2  by reaction with other atmospheric gases. 

To assess the impact of NO2  concentrations resulting from the operation of 

additional units at Pinjar Power Station, three predictive modelling techniques 

were employed. 

DISPMOD, a Gaussian air pollution dispersion model which is used by 

the EPA (WA) and was developed from the Kwinana Air Modelling 

Study. DISPMOD is considered to be the most suitable model for 

application in WA coastal conditions. 

The CSIRO Lagrangian Particle Fumigation Model (LPF), was used 10 

investigate worst case morning fumigation effects. 

A one dimensional vertical diffusion model, incorporating an 

atmospheric chemical reaction database, determined the 

transformation of NOx  to NO2 at ground level. 

Details of this assessment are contained in the CSIRO report to SECWA on the 

impact of NOx  from Pinjar Power Station on air quality (Appendix B). 

(ii) 	Input Data for Atmospheric Dispersion Modelling 

a) 	Turbine Operational Data 

The Pinjar Power Station is designed for operation during system peak 

demand conditions. These occur in the periods between 7am to noon, and 

4pm to 8pm in winter, and 8am to 8pm in summer. 

Throughout the year, these turbines are expected to run between the hours of 

7am to 8pm and only on weekdays. The daily number of running hours for 

each unit are summarised in Table 3. 
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TABLE..3 

Summary of Proposed Plant .and Anticipated Daily. Operation 

Plant Type Hours of Operation 

Frame 9 Plant 

Open cycle 105 MW No. 1 12.0 hours/day 

Open cycle 105 MW No. 2 12.0 hours/day 

Open cycle 105 MW No. 3 10.0 hours/day 

Frame 6 Plant 

37 MW No. 1 9.0 hours/day 

37 MW No. 2 8.0 hours/day 

37 MW No. 3 6.0 hours/day 

37 MW No. 4 4.0 hours/day 

37 MW No. 5 3.0 hours/day 

37 MW No. 6 2.0 hours/day 
0  

37 MW No. 7 1.0 hour/day 

For normal-start-up,the proposed additional Frame 9 plant will be placed in 

service tirst, followed by Frame 6 plant. The start-up sequence for. individual 

units will vary. .in-r-esponse to. maintenance schedules, service rotation and the 

total electricity grid system demand. 

Individual units will operate at base load conditions once they are.brought into 

operation. Start-up and shut-down .periods are short (about 30 minutes 

maximum) and there is no need to operate any of the turbines at partial load. 

The proposed additional Frame. 9 units will run exclusively on natural gas. 

Other units can -also 'be -fuelled by'- distillate, but this would occur only, in the 

case of emergency loss of naturalgas.supply. 	 - - 

Recognising that modelling.techniques deal with limited meteorological data, 

and that it is not possible to forecast what -the weather will be .iike-.only on 

weekdays, the assumption:'was.made that proposed additional units, together 
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with those existing, would operate at base load conditions 24 hours per day for 

every day of the year. This, of course, introduces an overestimation into the 

results obtained and presented later. 

b) 	Emission Data 

NOx  emissions from gas turbines vary according to temperatures of intake air, 

and consequently the ambient temperature. Emission levels used for 

modelling were based on winter air temperatures of 15°C and summer 

temperatures of 30°C. 

Emission data, based on manufacturers' guaranteed specifications, is given in 

Table 4 for the additional plant, together with that for Frame 6 units and for the 

option of operating additional plant in a combined cycle mode. 
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TABLE 4 

Emissions Data for 
Pinjar Power Station 

PINJAR G.T. PROPERTIES F6/UNIT F9/UNIT COMBINED 
GAS 	OIL CYCLE 2XF9 

Hs, Chimney Height (m)2 10.6 24 28 
Ds, Chimney exhaust ID (rn)3 . 	2.57 	.. 4.25 5.5 

Base Load (MW) 

@ Ta = 150C 38 	 37 116 330 

300C 34 	 33 105 310 

Is, Exhaust temperature (K) 

@ Ta = 	150C 813 	813 803 425 

300C 821 	821 811 433 

ps, 	Exhaust density (kg/rn3) 

@ Ta = 	150C 0.427 	0.432 0.432 0.817 

300C 0.423 	0.428 0.428 0.802 
@ NW 1.272 	1.287 1.272 . 	1.272 

Vs, Flow rate 

@ Ts (m3/s) (wet) 

@ Ta = 	150C 321 	317 946 1000 

300C 305 	302 894 955 

NOx  Emission (g/s)4  

© Ta = 	150C 39 	 59 88 173 

300C 31 	 46 70 138 

Emission (g/Nm3)5  

@ Ta. = 	150C . 	0.36 	0.55 0.27 0.27 

300C 0.31 	0.46 0.23 0.23 

NO2/NOx  at emission 	- . 	-... 
(% v/v) 20 	 20 20 20 

CO/NO2 at emission 
(% v/v) 11 	 ?? 11 11 

Notes to the Table: 

Combined Cycle consists of two F9s plus a steam turbine. Dimensions and emissions are 
estimates only. 
Site height varies from 76.62m to 78.56m AHD and is irregular. The F6 units 1 2 are Hitachi and 
have slightly different geometric characteristics to the Alison units 3 to 7. 
Stack diameters are based on area data from SECWA (14/09/90). 
NOx  emissions in g/s (wet) are based on sU liëi. data as at 21/09/90. Four 1990 commissioning 
measurements by SECWA on Pinjar F6 units 1, 2 atbase load on gas gave a range of 0.22 to 0.26 
g/Nm3. This is in the range 22 to 28 g/s of NOx Cf 39 g/s as tabulated.here. 
NOx  emissions concentrations are báck-calculätedfrom NOx fluxes as given by SECWA from 
suppliers data as at 2 1/09/90. 	 . . 	. 	. 

- 	.. 	 (Source: See Appendix B) 	 - .-.. . 	. .. 
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SECWA commissioning tests on the first two Frame 6 units currently being 

installed at Pinjar indicate that emission rates for NOx as shown in Table 4 are 

overstated by at least 38%. 

Meteorological Data 

Although SECWA has been collecting meteorological information at the Pinjar 

site since late 1987, the file construction for use with DISPMOD has not been 

completed. Instead, a suitable high quality data set from the EPA Hope Valley 

Meteorological Station at Kwinana has been used. All upper-air data 

(including cloud cover) originates from observations at Perth Airport. 

Since Pinjar is further inland, the sea breeze (a feature of WA coastal 

meteorology) arrives there later, or not at all. This is the only significant 

difference, and using Kwinana data should overestimate ground level 

concentrations. This is because mixing depths should be higher at the time of 

onset of the sea breeze at Pinjar, compared with Kwinana, and sea breeze 

trapping events would be fewer. 

A feature of the Hope Valley data file is the enhancement of the capping 

inversion strengths. Whilst the procedure used is a big improvement on 

alternatives, when applied to Pinjar where mixing layer heights of 300m to 

400m are common, very high inversion strengths result. No plume would be 

able to penetrate such inversions. The final data set is thus conservative in its 

treatment of plume penetration. In reality, plumes would be less likely to be 

mixed to the ground than shown by use of the model. 

Meteorological data requirements are different for the CSIRO LPF Model used 

for worst case impact analysis. A data set based on information from Perth 

Airport for every day from 1973 to 1977, and analysed for wind shears and 

thermal stabilities was used. 

An extreme day from this set stands out - 9 April 1973. Data from this day was 

used for calculation of the effect of morning fumigation. 

Plume Merging and Station Configuration 

Since stacks at Pinjar are close together, the plumes of hot gases will interact 

and merge, enhancing their rise before dispersion takes place. Ground level 
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concentrations of NO2  are thus likely to be lowered.. This effect is well 

documented for a number of power plants in Australia and other parts of the 

world. 

There are several empirical equations from which to predict enhancement 

factors for plume merging, and the more conservative treatment due to Briggs 

(1974) was used. For ease of modelling various scenarios of Pinjar Power. 

Station operation, the units were grouped and enhancement factors applied as 

follows: 

Frame 6 units 1 to 6 were treated in pairs with an enhancement factor 

of 1.21 for the plume rise. 

Frame 6 unit 7 was grouped with units 5 and 6 but assumed to have no 

further effect on plume rise. 	. 	-. 

Frame 9 units were grouped as a pair with an enhancement factor of 

1 .22, the third unit was added to the group but again assumed to have 

no effect. 

A conservative simplification was made for use in the CSIRO LPF model. The 

proposed Frame 9 units were combined into one emitter with an exhaust gas 

volume flux equivalent to a pair. The other units were combined similarly. 

e) 	NOx  Conversion to NO2 	 . 	•. 

- 	A one dimensional atmospheric boundary-layer.model incorporating the 

photochemistry-of-NO conversion to NO2 over a period of several hours was 

applied to the Pinjar region. 	 - ........ 

Ambient ainwas assumed to contain.ozone levels of 40 ppbv, NO2 levels of 

15ig/m3 and hydrocarbon levels of 70 ppbv.-- ...NOx  concentrations at the 	- 

effective injection height of Pinjar Station plumes of 280rnwas taken to be 330 

ppbv, 20% of which was NO2. 	 .. .................. 

The model predicts the concentration, of NOR . and NO2 at ground level as a 

function of time travel of an air mass, with the plume'diff using vertically to the 

ground This is not the same as the conversion occurring in the bulk of.the 

plume, since NO in surface air is more dilute than at. the elevated plume 
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centreline. Depletion of NO2  from the photochemical cycle, by transformation 

to nitric acid is included in the model. 

Worst case conditions found from the dispersion modelling phase were applied 

to this model, resulting in the relationship shown in Figure 9. This shows the 

ground level concentrations with time for the above ambient air characteristics, 

being an estimation of polluted Perth air, over the daytime period of noon to 

2pm. 

The curve shows an increase of NO2 with time as NO is converted. The rate is 

enhanced because of the effect of hydrocarbons in the atmosphere. After 

approximately 21/2  hours, ground level concentrations of NOx  and NO2 fall due 

to conversion of NO2  to nitric acid and its absorption by the ground surface. 

This is shown in Figure 9 by the curve reversing its trend with time. 

Results from Figure 9 were applied to predictions of NOx  ground level 

concentrations generated by DISPMOD and CSIRO LPFM, as a method of 

conversion to NO2 predictions. Since the NO2 conversion rate is based on 

worst case conditions, predicted NO2  concentrations are overestimated. 

f) 	Results of Modelling Predictions and Discussion 

- 	Recognising the many possible combinations of unit operations at Pinjar 

Power Station, and the influence of plume merging, several operating regimes 
- 	 were modelled. These scenarios are shown in Table 5. 

TABLE 5 

Operating Regimes for GT Units 

REGIME 
FRAME 6 

Number 
UNITS 
Fuel 

FRAME 
Number 

9 UNITS 
Cycle 

1 7 gas - 

2 7 oil - 

3 	. . 	- I open 
4 - 3 open 
5 7 gas 3 open 
6 7 oil 3 open 
7 7 gas 1 open 
8 7 gas 2 combined 
9 7 oil 2 combined_ 
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Results of NO2 ground level concentrations predicted by DISPMOD for these 

regimes is given in Table 6. The second highest hourly average NO2  

concentration is presented as the maximum level likely to be encountered. The 

first highest is regarded as being unrealisticdue to overestimations inherent in 

the modelling process. The ninth highest hourly period is representative of a 

99.9 percentile value which is the basis of many statutory standards and 

guidelines. 

TABLE 6 

Predictions of Maximum 
Second and Ninth Highest Concentrations 

(1 Hour Averages, ig/m3) 

REGIME REGIME REGIME REGIME REGIME REGIME 

1 2 3 4 5 6 6VAJRLANT 7 8 9 

7xFRAME 6 FRAME 9 7xF6+3xF9 7xF6+3xF9 7xF6+lxF9 7xF6+F9CC 
1HR 
AVGE 
igIm3  GAS OIL 1X ( GAS OIL NIGHT OIL GAS GAS OIL 

NO2 
2nd 138 12 40 180 177 114 180 176 181 
9th 85 95 21 58 117 138 91 97 115 143 

NO 
1st 382 585 ) 214 422 625 177 419 602 805 
2nd 280 427 65 16B 326 468 142 324 454 601 
9th 162 225 34 98 225 279 91 178 220 301 

In the absence of relevant field data, the results from Regimes 1 and 2 are 

indicative ofthe likely prevailing background NO2  levels in the Pinjar area. 

Ground level contours of these concentratiohsare shown in Figures lOand 11: 

Results for Aegime4 ae of prime interest for the proposed extension to Pinjar 

Power Station, as they represent the additiôftal impact of these extra units oft 

the ground level concentration of NO2. Taken in isolation,this regime gives 

rise to the concentration distribution shown in Figures 12 and 13. 
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It is of value, however, to consider the impact of the entire power station 

operating in the worst situation of all units in service. Regimes 5 (all on gas) 

and 6 (Frame 6 units on oil) represent such a situation. Regimes 8 and 9 cove,r 

corresponding scenarios for the combined cycle option. See also Figures 14 - 

16. These results represent the worst case ground level concentrations of NO2  

for the entire power station and hence are useful for comparison to the 

regulatory guidelines. 

A variant of Regime 6 based on night-time operation of the entire power station 

is also presented in Table 6. Results are of interest, but do not represent any 

envisaged operating scenario. 

Regimes 5, 7 and 8 were also tested by the CSIRO LPF Model for the extreme 

winter event identified as representing extreme conditions for fumigation. The 

maximum NO2 levels predicted are less than the second highest result from the 

use of DISPMOD, although they may occur at greater distances downwind 

Hence, results from this modelling are not considered further. Full details are 

provided in Appendix B. 

There are no set limits for NO2  ground level concentrations in Western 

Australia. Some relevant guidelines and standards of various authorities, 

however, are listed in Table 7. The interpretation of the EPAV standards is 

open to question, but the EPAV practice is that the 99.9 percentile values of 

calculations should not exceed the figures shown. This interpretation is the 

same as that employed by the EPA (WA). 
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TABLE 7 

Ambient Air Quality Standards for 

Nitrogen Dioxide 

UTHORITY TYPE, CONCENTRATION, CRITERIA 

AEC/NHMRC (1987) 
Air Quality Goal 

1 hour average 320 jig/Nm3 	(not to be exceeded more 
than once a month) 

EPAV (1981) 

Acceptable Levels Air Quality Objectives 

1 hour average 308 jig/Nm3 	(not to be exceeded on more 
than three days in any year) 

24 hour average 123 jig/Nm3 	(not to be exceeded on more 
than three days in any year) 

WHO (1987) 
Guideline Values for Europe 

1 hour average 400 jig/Nm3  

24 hour average 150 jig/Nm3  

US EPA 
Primary Air Quality Standard 

annual average 100 pg/m3  

Comparison of results from Table 6 with the standards of Table 7 shows that all 

regimes modelled comfortably meet the requirements for all one hour average 

NO2 concentrations. 

The maximum 24 hour average for all station units in service (Regimes 5 and 

6) is no more than 32ig/m3  which is less than 28% of the EPAV Acceptable 

Level. At 2.0jig/m3, the predicted.maximum. annual average is negligible 

Bowman Bishaw Gorham 



41 

compared to the USEPA Primary Air Quality Standard. Annual and 24 hour 

averages for Regime 8 are 2.2 ig/m3  and 33 g/m3  respectively (See Appendix 

B). 

g) 	Conclusions 

Neither option of expanding the number of units operating at Pinjar Power 

Station should absorb as much as 60%  of the AEC/NHMRC (1987) goal for 

ambient NO2  levels, or 50% of the EPAV (1981) hourly objective for NO2. 

Relevant 24 hour and annual average guidelines would be met with even 

greater margins of compliance. 

The very conservative assumptions used in the modelling treatment indicate 

that NO2 concentrations predicted in exhaust emissions may result in some 

visibility of plumes from Pinjar Power Station under suitable conditions. In 

reality, the incidence of such occurences is likely to be very low. 

4.2.4 	Photochemical Smog 

Whilst appreciable photochemical smog activity has not been observed or 

documented in Perth, investigations were conducted to examine whether NO 

emissions from the extra turbines could potentially contribute to future air 

quality problems. 

Earlier investigations of photochemical smog potential for Perth, which were 

conducted to examine the possible air quality impact of operating Frame 6 gas 

turbines had the following conclusions (Bowman Bishaw and Associates, 

1988). 

(i) 	Perth has meteorological and topographical characteristics that assist 

favourably in the prevention of photochemical smog. These include: 

- 	lack of persistent radiation inversions 

- 	generally good ventllation by synoptic and mesoscale winds 

- 	minimal blockage of stable air flows 
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Oxides of nitrogen together with non-methane hydrocarbons (NMHC 

also referred to as volatile organic compounds) are necessary 

precursors of photoc-hemical smog. Under particular conditions and in.. 

the presence of sunlight they can chemically react to form a number of 

air pollutant chemical species. The most important of these is ozone, 

which is generally-used as an indicator pf  photochemical smog. 

Investigation of the chemical species and reactions involved in 

photochemical smog formation, indicates that control of NMHC 

emissions is the most effective approach to photochemical smog 

control. 

The chemistry of photochemical smog formation shows that at low 

relative concentration of NMHC compared to NOR, the increase of NO 

concentration in air would have either a negligible or negative effect on 

ozone concentration. That is, addition of NOx  emissions may actualty 

decrease the concentration of the more toxic ozone. 

As the present proposal for Frame 9 gas turbines to be installed and operated 

as mid-merit plant, will create a further source of NOx  emissions to the Perth 

Metropolitan Region airshed,.further investigations of future photochemical 

smog potential for the Perth airshed were conducted. These investigations -are - - 

reported in detail in Appendix C and are summarized here. 

A modelling approach to-predicting. photochemical smog potential developed 

by -CSIRO and entitled the "lntegratedEmpirical Rate" .(IER) model was applied 

.to the Perth Metropolitan Region airshed..- The-  model incorporates a series of 

mathematical expressions that describe the chemical reactions that cause 

photochemical smog, and enables the relative availability of the physical and 

chemical ingredients of smog production to be compared. In very-simple terms 

the following ingredients -known as "precursors'-' are required -for smog,. 

prodüctibntoproceed; 

(I) 	An.-adequate amount of solar ultraviolet-radiation. 	 -. .. 

(ii) 	- An adequate relative concentration of nitrogen oxides (NOX) in the 

atmosphere. 	 -. 
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(iii) 	An adequate relative concentration of gaseous carbon compounds 

known as non-methane hydrocarbons (NHMC) or volatile organic 

compounds (VOC). 

The IER model uses an inventory of airshed emissions together with a 

mathematical model of the photochemical smog reactions to determine which 

of these ingredients may be in relative short supply, and therefore may create a 

limit to photochemical smog production. For example, if adequate sunlight and 

NMHC is available, but NOx  is in relative short supply in the atmosphere, 

photochemical smog will be "NOX  limited". Under these circumstances, further 

emissions of NOx  to the airshed will favour photochemical smog production. 

Conversely if NMHC's or solar radiation are in relative short supply emissions 

of additional NOx  emission will not create photochemical smog potential. 

Application of the. IER model firstly required an emissions inventory to be 

conducted for the Perth Metropolitan Region airshed, based on an emissions 

inventory for Australian Capital Cities compiled by the Australian Environment 

Council (1988). 

The results of the IER modelling exercise were as follows: 

Current hydrocarbon emissions to the Perth Airshed are estimated to 

be in the order of 77-78 kilotonnes/annum and for the year 2000 are 

projected to increase to approximately 103-104 kilotonnes/annum. 

Current NOx  emissions to the Perth Airshed are estimated to be in the 

order 56-57 kilotonnes/annum and for the year 2000 are projected to 

increase to approximately 69-70 kilotonnes/annum (not including 

emissions from Pinjar). 

Given these projected conditions and assuming a conservatively high 

average atmospheric mixing layer temperature of 25 °C, the IER model 

predicts that NOx  emissions from Pinjar gas turbines will not promote 

photochemical smog formation. 

The remoteness of Pinjar Power Station, and prevailing summer wind patterns 

(when sufficient sunlight is available) indicate that the potential for of 

emissions from the proposed additional turbines to combine with air to the 

south and undergo photochemical reactions will be insignificant as northerly 
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wind flows are ihfrèquent Under -southerly wind patterns, any conceivable 

—contribution to photochemical reactions is likely to be very. low. Should a 

-' 	contribution occur, will be.-direc-ted a-way from the Perth Metropolitan Area. 

Measurements of ozone concentration within the Perth airshed indicate 

maximum 1 hour average concentrations -in- the--range 3ppb - 27ppb. These 

are lower by a minimum factor of two compared to the World Health 

Organization's long term goal for ozone concentration of 60ppb for a maximum 

one hour average. 

4.2.5 	Contribution of NO to Acid Gases 

In certain extensively developed parts of the world, notably northern Europe, 

and eastern North America the discharge to the atmosphere of very large 

quantities of acid gases, mainly sulphur dioxide but also nitrogen oxides, from 

concentrated heavily industrialized areas, has resulted in an increase in the 

acidity of rainfall, which has been of sufficient magnitude in certain areas to 

cause localized but significant ecological degradation. The ecological 

degradation of wetlands in southern Scandinavia and forests in Germany due 

to acid rain has created worldwide concern and has attracted considerable 

research. 

The significant features of the European scenario are the magnitude of acid 

gas emissions and overlapping of emissions from a variety, of sources in close 

proximity to each other. 	- ----- 

Concern regarding acid gasesalsoexists -within Australia,alt-hough recent 	- 

research has concluded that Australia does not have a high potential -for acid 

gases to be re-deposited on the land surface, as a result of--the demography, 

geographic isolation and use of predominantly low sulphur fuels. 

(Murray,1989) 	 - 

The total Australia wide emissions of sulphur dioxide,which is the principal acid 

gas emission, have been estimated.as 2,200 kilotonnes/annum which is very 

small in comparison to estimates for-- eastern North America-28,000 

kilotonnes/annum, and combined- emissions from -southern Norway;-  southern 

Sweden and the SoIling region-  of Germany_ which- total 30,540 

	

kilotonnes/annum. (Murra-y,-1989, SECWA,1989)- 	- 	- 	- 
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Australian industrial emissions are small in scale compared to non-point 

sources of emissions. Additionally, sources of substances which can buffer 

(prevent acidity change) the man-made sources of acid gases are important at 

a regional scale The pH of precipitation is determined by it's content of both 

acid and alkaline materials. Precipitation at many sites in Australia contains a 

complex mixture of acids, and materials with an acid neutralization capacity, 

especially ammonia, marine salts and soil derived materials (Murray,1989). 

Perth and the adjacent region, is very generally typical of the overall Australian 

scenario in terms of the composition of atmospheric acid gas discharge, but is 

notably different in being less populated and less industrialized. The total 

quantity of acid gas emissions is therefore comparatively very small, and as 

development is less concentrated, the discharge of acid gases occurs over a 

very wide area. The coastal belt is also characterised by a large area of 

landforms based on limestone or calcium carbonate soils (Spearwood and 

Quindalup dune systems) which would tend to provide dust particles with acid 

neutralization ability to the atmosphere. 

The Kwinana industrial area is the source of approximately two thirds of the 

sulphur dioxide emissions, whilst emissions of nitrogen oxides are discharged 

over a much larger area and mainly result from motor vehicle exhausts. 

Before considering the relevant data, it is necessary to recognise that 

redeposition of acid gases on the land surface is not the automatic result of 

acid gas discharge. Discharge of acid gases, and acid deposition are related 

but separate processes. The intensity and total quantity of acid gas 

discharges, natural atmospheric chemistry and regional meteorological 

patterns must also be accounted for in the evaluation of the potential for wet 

deposition of acid gases. Dry deposition is an alternative pathway which may 

be locally important, and on a regional scale in Australia, Murray (1989) has 

concluded that natural buffering of the acidity of water in the atmosphere is 

important. 

The proposed Frame 9 turbines will operate on natural gas fuel, which has 

negligible sulphur content. Therefore, exhaust emissions from the turbines will 

not contribute significantly to the atmospheric loading of sulphur dioxide, which 

is the primary global cause of acid rain concerns. However, as the exhaust 

Bowman Bishaw Gorham 



46 

emissions will contain a proportion of--nitrogen -dioxide,w-hiG.k is also an acid 

gas, it is useful to examine the contribution that the turbine emissions will make 

to acid gas loadings within the Perth airshed. 

Current emissions of acid gases SO2 and NO.to  the Perth airshed have been 

estimated from several sources of data, together with the. additional, emissions 

from proposed Frame 9 gas turbines. (SECWA, pers. comm. Oct. 1990, AEC, 

1988) 

The total emissions of sulphur dioxide into the Perth airshed was 

estimated to be 34 kilotonnes/annum, of which 22 kilotonnes originate 

from industry at Kwinana. The remaining 12 kilotonnes results from the 

use of petroleum products throughout the Metropolitan area. 

The estimated total annual emissions of nitrogen oxides to the Perth 

airshed is 56--.kilotonnes/annum, the principal source being motor 

vehicles. (See Appendix C, Table Cl). 

The estimated total annual loading of nitrogen oxides from the Frame 9 

turbines proposed for Pinjar Power Station is2.7 kilotonnes expressed 

as NO2. 

The potential for acid gases to cause environmental effectson the land 

surface arises when they are converted to acid by interaction with water 

in the atmosphere. Hence the emissions must be normalised to a 

common acid to enable comparisons of different sources to be made. 

When acid gas emissions are normalised by-expression as equivalent 

amounts of sulphuric acid, the total acid gas discharge to the Perth 

airshed is calculated as 112 kilotonnes/annum of sulphuric acid 

equivalent, and the emissions from-the proposed Frame :9 turbines is 

calculated to be 2.9 kilotonnes/annum. The increment in acid gas 

emissions to the Perth airshed resulting from the proposed Frame 9 

turbines will therefore be in the order of 2.6%orless. 	- 

At the present time there are no indications.wh.icft..sggests that acid gas 

loadings to-the Perth airshed are of -a sufficient-magnitude to result in acid. 	--- 

deposition such that the acidity of rainfall is significantly effected. Whilst it is 	- 

theoretically conceivable that extremely localized and short, term changes to 
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natural acid deposition may occur, when the acid gas loadings for the Perth 

airshed are compared to the loadings calculated for those parts of Europe that 

experience acid gas re-deposition effects, the local situation appears secure 

from significant risk. As noted previously, this conclusion was also reached for 

Australia on a regional and national scale by Murray (1989). Within this 

scenario, the 2.6% addition to the existing small acid gas loadings, that will 

result from the proposed Frame 9 turbines, may be considered insignificant. 

4.3 Stormwater 

Compared to the quantity of stormwater that is generated by the existing power 

station plant areas, extra stormwater from the land area developed for the 

additional turbines, will be minimal. 

The power station has two stormwater systems. One system handles 
stormwater from all areas that may carry residues from petroleum product 

handling areas associated with turbine maintenance and operation. 

Stormwater collected by this system is treated in an oil/water separator before 

being discharged to a lined evaporation pond. This is a closed system from 

which water is not discharged and cannot escape to ground. The evaporation 

pond has been constructed to fail-safe specifications agreed with the Water 

Authority. It contains an underdrain structure which will be sampled regularly 

to confirm the containment performance of the liner (see Section 5.4). 

Periodically, evaporation pond residues will be removed for disposal off-site. 

The second system collects stormwater that is free of possible contamination 

and discharges this to ground. 

The additional turbine areas will be incorporated in the stormwater handling 

systems such that there is no risk of contamination of surface soil or 

groundwater by hydrocarbon residues or other, contaminants associated with 

turbine construction or operation. 
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4.4 Acceptability of...Environmental Impacts 

4.4.1 	Noise 

The remote location of the site, the absence of significant numbers of 

residential dwellings in the locality, and the characteristics of present and. 

planned land use in the vicinity of -the power station continue to indicate that 

operation of gas turbines including those that are either installed, planned 

(Frame 6) or proposed (Frame 9)1  within a noise buffer zone should not cause 

unacceptable changes to the environmental noise characteristics of the area. 

It should be noted that noise buffer zone calculations have been based on 

maximum possible noise levels from the power station, with all turbines 

operating simultaneously at full load. (Refer Appendix A). For much of the 

time, including the more noise sensitive night time hours, most of the power 

station turbines, both approved Frame--6. turbines and proposed Frame 9 

turbines will be non-operational. Therefore, operational noise will generally be 

much less than the levels indicated by figures used for buffer zone calculations. 

These data lead to the conclusions that the power station including proposed 

Frame 9 turbines would always comply with statutory Neighbourhood Noise 

Standards. 

4.4.2 	Atmospheric Emissions 

The ability of atmospheric dispersion to reduce ground level concentrations of 

NO2 to levels, well below typical air quality standards and goals is a prime 

indicator that the anticipated emission levels from both proposed .Frame9 and ...... 

Frame 6 gas turbines can be regarded as environmentally acceptable 

It is additionally noted that air quality standards recognise and account for the 

effects of air pollutants on human health and biological..systems in the 

environment. Significantly, .a considerable, safety factor-is a normal- component 

of the calculated standard.  

The findings of modelling using the integrated Empirical Rate -mode.l...indicate 

that NOx  emissions from the power station will not cause .additionaLpQtential  for 

photochemical smog. 	. 	. 	 . 	 . 
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An emissions inventory conducted for the Perth Metropolitan Regional airshed 

indicated that at the present time and for the year 2000, the potential for 

photochemical smog production will be limited by the availability of volatile 

organic compounds (VOC) and ultraviolet radiation, which are essential 

precursors to photochemical smog formation. 

	

4.4.3 	Land Alienation 

The power station has been planned with sufficient space to accommodate the, 

proposed additional turbines therefore the power station site will not require 

expansion (see Figure 4). This proposal therefore does not have land 

alienation implications. 

	

4.4.4 	Land Use Constraints 

The installation and operation of Frame 9, 105 MW gas turbines at the power 

station will not create any additional land use constraints beyond those that 

have already been assessed and approved by EPA, for the overall power 

station project with 8 x Frame 6, 37 MW gas turbines. 

Land use factors are therefore not considered to be an issue for this proposal. 

SECWA has conducted tours of the Power Station to which local resident, 

community organisations and local authority representatives have been invited 

to attend so that issues associated with the power station can be raised and 

brought to SECWA's attention. 
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5.0 ENVIRONMENTAL MANAGEMENT AND MONITORING 

COMM ITM ENTS 

5.1 Landscape Considerations 

SECWA has employed a specialist Landscape Architect to develop 

landscaping plans for the Power Station. Strategic plantings of native trees 

and shrubs will be established to soften the visual profile of the power station 

and to enable the site to blend with the surrounding landscape to the greatest 

practical extent. 

5.2 	Noise 

Monitoring of operational noise from the proposed turbines and in the 

peripheral environment will be conducted at commissioning, and on an annual 

basis thereafter. Monitoring stations will be established at appropriate 

locations along the power station site boundary, at the buffer zone boundary 

and at the nearest residences during the initial years of operation to establish 

the noise characteristics that result from various load and weather conditions 

that will be experienced. 

The noise monitoring programme will be conducted to specifications discussed 

and agreed with EPA and will be reported on an annual basis. 

5.3 Atmospheric Emissions 

Stack gas analysis for NOx  will be the primary method of monitoring 

atmospheric emissions from the power station. SECWA will liaise with the EPA 

in relation to additional emission monitoring that may be technically useful. 

Following the testing of emission quality at commissioning, measurement of 

NOx  concentration in the stack emissions from each turbine will be conducted 

annually according to a method and procedure approved by the EPA. Results 

of monitoring will be supplied annually to the EPA. 
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5.4 	Groundwater 'Management 	- 

Recognizing that the power station site is Jocated within the Gnangara Water 

Reserve which is designated as a Priority One source area within the Water 

Authority's Draft Land Planning and Groundwater Resource Protection Policy, 

the handling and storage of distillate -and chemicals for both the construction 

phase and operations phase is carried out in accordance-with the Water 

Authority's requirements. Extensive specifications for safe handling of potential 

groundwater contaminants have been developed and incorporated in working 

procedures for construction and operation. 

A total of seven monitor bores have been installed around the power station 

site and a full complement of samples have been analysed to enable 

background conditions to be determined. 	 -- - 

Groundwater samples will be recovered from each monitor bore on a quarterly 

basis and will be analysed for a range of routine water quality parameters 

including hydrocarbons. 

In addition, on an annual basis, monitor bore samples will be analysed using 

ultra sensitive techniques to detect trace organic chemicals that may indicate 

release of petroleum products. 

On a quarterly basis water samples will be collected from the underdrains that 

have been installed beneath- the- stormwater evaporation -pond and the 

emergency distillate--f-uel storage tank, and analysed-for a range of routine 

water quality parameters including hydrocarbons. Asorgroundwater samples, 

on an annual basis, underdrain samples will also be analysed-using ultra - 

sensitive techniques that will detect release of petroleum products. 

Water samples will be collected and analysed according to methods approved - ----

by the Water Authority, andw ill be analysed by a NATA registered-laboratory. 

5.5 	Distillate Delivery. to-  Pinjar. 	-. 	 - 

In the event that gas supply for the Frame 6-gas. turbines is unavailable for an - 

extended period of time, beyond the static capacity of on-site emergency 
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distillate storage tanks, there may be a need to transport significant quantities of 

distillate to Pinjar by road. Recognizing that road transport of distillate will 

create risk of distillate spillage through a road tanker accident, management 

approaches and procedures to minimize the risk of environmental 

contamination by distillate have been developed. Management of distillate 

transport incorporates the measures listed below, which together have the 

objective of minimizipg both the environmental and social consequences of a 

possible distillate transport campaign. 

I) 	Distillate handling and transport will utilize procedures specified for 

hazardous materials by the Regulations of the Explosives and 

Dangerous Goods Act (1961-1986). Although distillate is specifically 

not classed as a "hazardous material" within the regulations, this 

approach will reduce the risk of spillage resulting from a road accident. 

Specific procedural measures will include: 

Tankers normally utilized for motor spirit transport and that are 

constructed to specific engineering standard such that risk of tank 

rupture following road accident is minimized, will be utilized for distillate 

transport. 

Emergency information panels will be affixed to distillate transport 

vehicles so that safety and handling instructions are readily available in 

the event of an accident. 

Tanker drivers licenced under the Act to operate hazardous materials 

transport vehicles will operate the distillate transport vehicles. 

Transport routes that are as short as possible, maximize the use of 

major arterial roads and traverse a minimum distance through 

residential areas will be utilized for distillate transport. 

Distillate deliveries will be restricted to daylight hours, except during 

emergencies. 

The adequacy of road design throughout the possible routes for the 

transit of distillate delivery vehicles will be routinely monitored 
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(viii) 	A contingency plan for road -tank-er--acc-ident& will-be--maintained by the 

Fuel Supply Contractor in accordance with the Western Australian 

Hazardous Materials Emergency Management Scheme (WAHMEMS) -• 

to the satisfaction of the Water Authority of Western -Australia. 

5.6 Dieback Management 

Dieback is known to be present in State Forest No. 65, therefore disease 

protection measures have been instituted for the construction phase of the 

project. Dieback management will be continued throughout the construction 

and operations phases in consultation with CALM's District Manager, 

Wanneroo. The following measures have either been conducted already or will 

be conducted in the future. 	 - 

i) 	A dieback -survey was conducted at the proposed site-and-within the 

pipeline corridor and access. routes prior to commencement of 

construction. Dieback infected areas were not identified by survey. 

Areas that are found by future surveys to be infected will be marked out 

on site and will be separately treated during site preparation. A 

handling procedure will be developed in consultation with CALM in the 

event that dieback infestation is identified within the area influenced by 
- - 	 the power station or associated infrastructure and linear services. 

iii) 	All earthmoving machinery will bewashed down off-site and will e 
- 	

-- 	inspected by CALM representatives - prior - to --entry-into -State Fprest 

areas. 	 -- - 

- - 	iv) 	Vehicular movements through adjacent vegetation will be limited to 

those required by essential services -such as gas pipeline inspection 

- and fire break maintenance. 

v)- - -- Dieback surveys along road access routesan service easements will 

be conducted at appropriate intervals. ---------------- 	- 	 - 
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5.7 Fire Management 

The construction and maintenance of firebreaks in the region around the station 

has been conducted in consultation with the WA Bush Fires Board. Fire fighting 

equipment is maintained on site by SECWA to deal with accidental fires within 

the station. Controlled burning is also carried out to reduce fuel levels within 

woodland vegetation surrounding the site in accordance with procedures 

established by the WA Bush Fires Board. 

Heavy vehicle crossing points have been established at one kilometre intervals 

along the entire length of the gas pipeline. The pipeline will be strengthened at 

these locations to enable heavy vehicles involved in forestry activities or fire 

fighting to safely cross. 

5.8 Summary of Environmental Management Commitments 

	

5.8.1 	Landscape Management 

SECWA will continue to conduct landscaping site works to soften the visual 

profile of the power station and to enable it to blend with the surrounding 

landscape to the greatest practical extent. 

	

5.8.2 	Noise Monitoring 

Monitoring of operational noise will be conducted by SECWA. Direct reading 

sound pressure level meters will be used to measure noise from the turbines 

following commissioning, and on an annual basis thereafter. 

Opportunistic measurements will be taken close to the turbines; at the power 

station boundary, at the buffer zone boundary and at the nearest residences, 

during the initial years of operation to establish the noise characteristics that 

result from various load and weather conditions. 

The noise monitoring programme will be conducted to specifications agreed by 

the Environmental Protection Authority and will be reported on an annual basis. 
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5.8.3 	Atmospheric Eth1io'fts Monitoring 

Stack gas analysis for NOx  will be conducted at the power station-by SECWA 

using stand(d methods for sampling and chemical analysis 

Following the testing of emission quality at commissioning measurements of 

NOx  concentration in the stackem1ssion of each turbine will be conducted 

annually, according to specifications agreed by the Environmental Protection 

Authority. The results of monitoring will be reported to EPA on an annual basis. 

SECWA will liaise with the EPA regarding the requirement for additional 

emissions monitoring. 

5.8.4 	Groundwater Management 

Extensive specifications for safe handling of liquid substances that are potential 

groundwater contaminants have been--developed by SECWA and have been 

incorporated in design and working procedures for both the construction and 

operation phases of the project. SECWA will manage potential groundwater 

contaminants at the power station according to specifications setout by the 

Water Authority of WA. 

SECWA will conduct analysis of monitor bore samples and underdrain samples 

from the evaporation pond and distillate storage area on a quarterly basis, 

using procedures for sampling and-analysis agreed by the Water Authority of 

WA. SECWA will report the results to EPA and the Water Authority of WA on an- - 

annual basis. 

bistillate Delivery to Pinjar 

SECWA *----- ---arrange for the Fuel Supply Contractor to maintain adistillate 

spillage contingency plan consistent with the Western Australian Hazardous 

Materials Emergency Management Scheme according- to ThereqDftrnents of 

the Water Authority of WA. 	- - 

5.8.6 	Dieback Management 	 - - 

SECWA will continue to maintain control of operations, equipment and 
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procedures to minimize the risk of jarrah dieback disease infection in the vicinity 

of the power station and associated linear services according to the 

requirements of the CALM District Manager, Wanneroo. 

5.8.7 	Fire Management 

SECWA will facilitate fire management practices in the region of the power 

station through the cont inued maintenance of established fire breaks, in 

conjuction with controlled burning programmes conducted by the WA Bush 

Fires Board. 

UORAFTY 
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7.0 ABBREVIATIONS AND SYMBOLS 

AEC Australian Environment Council 

°C Degrees Celsius 

CBD Central Business District 

dB(A) 'A' weighted decibal 

deg K Degrees Kelvin 

E East 

g/s Grams per second 

HC Hydrocarbons 

kt Kilotonnes 

kW Kilowatt 

kg/t Kilograms per tonne 

m Metre 

m3  Cubic metre 

m3/s Cubic metres per second 

MJ Megajoule 

MW Megawatt 

N North 

Nm3/s Normal cubic metres per second (at standard 

temperature and pressure) 

NATA National Association of Testing Authorities 

NHMRC National Health and Medical Research Council 

NMHC Non methane hydrocarbons 

NO Nitric oxide 

NOx  Oxides of nitrogen 

NO2 Nitrogen dioxide 

02 Oxygen gas 

RAAF Royal Australian Air Force 

S South 

STP Standard Temperature and Pressure 

Tonne 

VOC Volatile organic compounds 

W West 

Bowman Bishaw Gorham 



KII 

8.0 GLOSSARY OF TERMS 

Aquifer 	 A geological formation capable of receiving, storing and 

transmitting significant quantities of water. 

Archaeology 	Study of antiquities, especially of the prehistoric period. 

Attenuation 	(Applied to sound) reduction or tapering off. 

Base Load 	An industry term that refers to the portion of the total 

electricity requirement which is effectively constant 

throughout the year. 

Buffer Zone 	An area surrounding a development that aims to minimize 

the adverse impacts of the development on the 

surrounding environment. 

Capacity Factor 	Measure of the energy production of a generating plant 

during a period compared to the total energy production if 

the plant had operated continuously at full output during 

the period. 

Conservation 	The efficient use of energy, either by forsaking energy 

needs or by using more efficient systems and appliances. 

Demand 	 The instantaneous requirement for electricity that the 

system has to meet, the usual units being megawatts 

(MW) or gigawatts (GW). 

Emission Control 	Controls that are installed to maintain the emissions from 

the development at acceptable levels. 

Bowman Bishaw Gorham 



Energy 	 A measure of the amount of electricity.used over a-period 

of time. Units used are gigawatt-hours (GWh), megawatt-

hours (MWh) or kilowatt-hours (kWh) depending on the 

power and time scale involved. The. kWh is the familiar 

unit used to measure customer electricity consumption. 

1 GWh=1000MWh 

1 MWh = 1000 kWh 

Environment 	All aspects of the surroundings of man including the 

physical, economic, cultural and social aspects. This 

includes the complex of habitat factors, both biotic and 

abiotic, that do, or will, impinge or have impinged upon a 

plant or animal or groups of plants and animals. 

Ethnography 	The scientific description of races of men. 

Flora 	 The totality of plant species of a specified area. 

Gas Turbine 	A generating unit in which an air/fuel mixture is burnt and 

the resulting hot air/gas mixture is used to drive a turbine. 

This turbine drives a generator to produce electrical 

energy. A steam boiler is not required. 

Groundwater 	That surface within the saturated zone at which the 

Surface or 	pressure is atmospheric. Level at which water stands in 

Water Table 	uncased or screened shallow well in unconfined aquifer. 

A perched water table is one which occurs above an 

impermeable zone, which is underlain by unsaturated 

materials. 	 - 

Infrastructure 	Systems of services and utilities within a-community; e.g. 

physical (water, sewerage, electrical, transport) and social 

- 	(health, education, safety, communications).- - 
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Intermediate 	That part of power demand falling between the highly 

Load 	 fluctuating peak loads and the steady base load 

component. Plant supplying intermediate loads typically 

operates during weekdays and is shut down or off-loaded 

overnight and on weekends. This plant would generally 

operate at an annual capacity factor of between 30% and 

60%. 

Jarrah Dieback 	An exotic plant disease caused by the root-rotting fungus 

Disease 	 Phytophthora cinnamomi. 

Peak Load 	That portion of the total electricity requirement which 

exceeds base load, which occurs over relatively short 

periods and is characterized by fluctuating but high 

energy demand. 

Peak Lopping 	Additional generation required to meet short term peak 

energy demand. 

pH 	 A measure of acidity or alkalinity of a liquid (on a scale of 

1 to 14 - pH 7 is neutral; pH less than 7 is acidic and a pH 

more than 7 is alkaline). 

STP 	 Reference term meaning Standard Temperature and 

Pressure which is equal to temperature of 0°C and 

pressure of one atmosphere. 

Unconfined 	An aquifer which is either filled with water and/or has 

Aquifer 	 no impermeable or semi-impermeable layer preventing a 

rise in the water table. It contains groundwater which is 

not subjected to any pressure other than its own weight. 

Vegetation 	The plant cover of a specified area. It is described 

Complex 	primarily in terms of form and structure. 

Vegetation 	A collective group of plants with characteristic form, 

structure and dominant species. 

Wetlands 	Lakes, pools, rivers, streams and swamps and their 

associated moist margins. 
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Pinjar Power Station WA 
Diluted Perth Air, Ambient Ozone 40 ppbv 
Emissions 20% NO2 
Downwind Ground Level Concenirations 
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Figure 9 Predictions of ground level concentrations of NOx (abscissa) 
and NO2  (ordinate) in ppbv from the one-dimensionsal 
Lagrangian photochemical model. The ambient air is taken to 
be chemically like dilute Perth air with an ozone 
concentration of 40 ppbv. The points are separated by 10 
minutes. 
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Figure 10 Predicted contours of second highest (top) and ninth highest 
(bottom) hourly average NO2 ground level concentrations for 
Regime 1: seven Frame 6 units at base load on gas. 
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Figure 11 predicted contours of second highest (top) and ninth highest 
(bottom) hourly average NO2 ground level concentrations for 
Regime 2: seven Frame 6 units at base load on oil. 
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Figure 12 predicted contours of second highest (top) and ninth highest 
(bottom) hourly average NO2 ground level concentrations for 
Regime 4: three Frame 9 units at base load on gas. 
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Figure 13 Predicted contours of highest 24 hourly, average (top) and 
annual average (bottolTt) NO2  ground level concentrations for 
Regime 4: three Frame 9 units at base load on gas. 
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Figure 14 Predicted contours of second highest (top) and ninth highest 
(bottom) hourly average NO2 ground level concentrations for 
Regime 5: seven Frame 6 and three Frame 9 units at baseload 
on gas. 
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Figure 15 predicted contours of second highest (top) and ninth highest 
(bottom) hourly average NO2 ground level concentrations for 
Regime 6: seven Frame 6 on oil and three Frame 9 units on 
gas. 
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(bottom) hourly average NO2 ground level concentrations for 
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APPENDIX A : NOISE IMPACT ASSESSMENT 

1.0 INTRODUCTION 

Noise from the additional turbines proposed for Pinjar will be managed so that 

in combination with the Frame 6 turbines, the total noise generated by the 

station will comply with the "Assigned Outdoor Neighbourhood Noise Levels" 
established under the Environmental Protection Act, 1986. Table 1 of the 

Schedule under the Act specifies the maximum noise levels that are permitted 

in various types of receiving environments. Land peripheral to the power 

station site falls into Category A Type 1; "only or predominantly country with 

negligible transportation". This category has a most stringent Noise Level 

Standard of 30 dB(A) for the hours 2200 to 0700. It is relevant to note that the 

proposed additional turbines will operate predominantly between the hours 

0600 to2000 on weekdays only. 

2.0 PREDICTED NOISE LEVELS FOR FRAME 6 TURBINE 

OPERATION 

Measurements of background noise at the power station site and at the nearest 

residence, located some 4.5 km to the south-west, were reported within the 

original Notice of Intent for the power station (Bowman Bishaw and Associates, 

1988). Background noise was reported as 25 dB(A) and 27 dB(A), respectively 

for these locations. In the period since previous background noise levels were 

measured, no changes to land use have occurred and apart from vehicle noise 

from construction activities and turbine commissioning, background noise 

levels should not have changed. 

The Frame 6 General Electric Turbines selected for Pinjar are installed with 

'Level 2' noise supression packages which have the following specifications: 

(i) 	Noise level at 1 m from plant 	 85 dB(A) 

Noise level at lOOm from plant 	 62 dB(A). 
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SECWA used detailed noise data obtained from the manufacturers to 

determine operational noise levels under various load conditions and at 

different distances from the turbines. Allowance was made in the calculations 

for noise attenuation due to meteorological effects. However, attenuation that 

would result from topographic effects and vegetation was not accounted for. 

The results of noise calculations for the initial proposal for eight Frame 6 

turbines are listed in Table Al and are graphically illustrated in Figure Al. 

Those data led to the conclusion that a noise buffer zone of 2.5 km radius 

would be necessary to ensure compliance with the most stringent standard 

under conditions of maximum operational noise. 

For the initial proposal of the installation of eight Frame 6 turbines at Pinjar the 

SECWA made the following commitments to noise emissions management and 

monitoring (Bowman Bishaw and Associates, 1988). 

Monitoring of operational noise in the peripheral environment will be 

conducted, and on an annual basis thereafter. Monitoring stations will 

be established at appropriate locations along the power station site 

boundary. The results of sound level measurement will be 

mathematically interpolated to provide noise levels at the buffer zone 

boundary. 

Opportunistic measurements will also be taken at a number of locations 

within the station and buffer zones during the initial year of operation to 

establish the noise characteristics that result from the various load and 

weather conditions that will be typically experienced. 

During April 1990 SECWA commissioned two of the proposed eight turbines. 

To comply with the above commitments noise levels were measured during 

operation of each unit. Noise levels recorded during the operation of Unit 2 at 

full load are given for positions of varying distance from the turbine in Table A2. 

Comparison of these results with predicted noise levels presented in Figure Al 
indicates that recorded levels are consistently lower. This confirms that the 

method utilised to predict noise levels calculates conservatively high estimates. 

In addition to measuring noise emissions from normal operation of gas 

turbines, noise levels were monitored during a high pressure gas venting 
episode. This was conducted to determine noise levels that would be 

experienced in the event of a gas metering station "blowdown". 

Bowman Bishaw Gorham 
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TABLE Al 

Predicted Noise Levels at Various Distances from the 

Pinjar Gas Turbine Power Station 

Distance from Turbines (m) 

No. of units 500 720 1000 1500 2000 3000 

1 44.5 38.5 35 29.5 25 17 

2 47.5 41.5 38 32.5 28 20 

3 49.5 43.5 40 34.5 30 22 

4 50.5 44.5 41 35.5 31 23 

6 52.2 46.5 43 37.5 33 25 

8 53.5 47.5 44 38.5 34 26 

Note 1: Measurements were taken at 4 p.m. 6.3.88 with 320  - 34°C air 

temperature and a light wind. 
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During the high pressure gas venting episode, noise levels of 110 dB(A) were 

recorded at one metre from the gas metering station, whilst a noise level of 

28B(A) was recorded at 2.5km from the site before, during and after the 

blowdown event. Therefore it may be concluded that noise emissions from a 

gas metering station blowdown-would be inaudible at the nearest residence 

located 5 km from Pinjar station. 

These data confirm SECWA's predictive calculations for noise levels in the 

peripheral environment, and demonstrate that the power station can comply 

with agreed standards. 

Table A2 

Environmental Noise Measurements During Operation of Frame 6 
Turbine Unit 2 	 - 

Position 

Measurement Position 

Description 

Noise Level 

dB(A) Comments 

P1 lOOm from unit 63.5 High frequency tone audible 

P2 300m from front gate 32.5 High frequency tone audible 

P3 1 300m from front gate 28.5 High frequency tone less audible 

P4 3200m from front gate 28 Turbine noise emission not audible 

P5 Closest residence 29 Turbine noise emission not audible. 

Notes 	1. Measurements taken on 24 April, 1990 under fine conditions and 

light wind speed. 

2. Frame 6 turbine unit 2 was operating at full load. 
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3.0 PREDICTION OF NOISE EMISSIONS WITH ADDITIONAL 

TURBINES 

The Frame 9 100 MW gas turbines proposed for Pinjar are fitted with noise 

suppression packages of equivalent performance to the 'Level 2' packages 

specified for the Frame 6 turbines. 

Mathematical modelling has been conducted to determine the increase in 

noise levels that would be experienced following the installation of additional 

turbines at Pinjar, using equivalent modelling methods used for earlier work for 

Frame 6 turbines. This approach allows the combined noise emissions from 

seven Frame 6 and three Frame 9 turbines to be determined and compared to 

earlier predictions for Frame 6 turbines. The modelling results are also 

applicable to the possible installation of combined cycle plant. For combined 

cycle plant comprising 2 Frame 9, 105 MW turbines together with two waste 

heat recovery boilers and a 100 MW steam turbine, the noise emission will be 

less than for 3 Frame 9 open cycle turbines but greater than 2 Frame 9 open 

cycle turbines. Whilst the steam turbine plant and waste heat recovery boilers 

will be housed in an acoustic enclosure, some noise will be generated by the 

associated cooling plant. 

The results of noise calculations for the power station following the installation 

of an additional three Frame 9 turbines are presented diagramatically as Figure 

Al. 

The basic noise performance specifications for individual Frame 9 gas turbines 

operating at full load that are guaranteed by the manufacturer and have been 

incorporated in modelling are as follows: 

85dB(A) at im 

62dB(A) at 1 OOm 

To demonstrate the effect of operating the additional turbines the results of 

noise calculations for the initial proposal have been superimposed upon Figure 

Al. The data indicates that increasing the generating capacity of Pinjar Power 

station would significantly increase noise levels. Accordingly, the initial noise 

buffer area of 2.5km radius will need to be extended to 3.1km radius to ensure 

compliance with Assigned Outdoor Neighbourhood Noise Levels - Category A 

Type 1". 
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Increasing the radius of the noise buffer zone from 2.5 km to 3.1 km will not 

result in land use conflict as the additional land required has identical land use 

charaáteristics to land within the current agreed buffer zone area. There is no 

prospect of changes to local land use that may constitute a conflict with power 

station noise within the foreseeable future. 

4.0 REFERENCES 

Bowman Bishaw and Associates (1988) Notice of Intent 280 MW Gas Turbine 

Power Station at Pinjar. 
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Objectives, Context 

By the end of 1990 seven Frame 6 gas turbine generators (37 MW each) will be 

installed at the Pinjar site for use by State Energy Commission of Western 

Australia (SECWA) as a peak-load station. The installation follows approval 

obtained in 1989 from the Environmental Protection Authority (EPA, 1989) and 

other government bodies to install up to eight Frame 6 units there. 

SECWA proposes to increase the generating capacity of the Pinjar station by 

300 MW. This is to be done by installation of three 105 MW Frame 9 gas 

turbine generators running on open cycle using natural gas as the only fuel. 

There are two other possibilities: to install only one Frame 9 unit; or, to 

operate two Frame 9's in combined cycle with two waste heat recovery boilers 

and a 100 MW steam turbine. The 'combined cycle' system is more efficient in 

its use of natural gas. 

The only significant potential air quality impact from the operation of gas 

turbines at Pinjar is due to the emissions of nitrogen oxides (NOx). 

Emissions of particles, unburnt hydrocarbons and carbon monoxide are 

considered to be of little consequence for air quality under normal operating 

conditions (EPA, 1989). The nitrogen oxides are emitted primarily as harmless 

nitric oxide (NO); the remainder is nitrogen dioxide. (NO2), high 

concentrations of which are brown in colour and have a burning oxidising 

effect on sensitive tissues. The NO is oxidised in the atmosphere to NO2 by 

ambient ozone as the emissions are dispersed by the wind. 

This report has as its ambit the study of the local air quality impact and 

the possible ground level concentrations resulting from the emissions of NOx 

from the proposed Frame 9 gas turbines. Because the actual configuration of 

the Frame 6 units has changed from that considered in the earlier assessment 

of their possible effect on air quality (Zib et al., 1988), the impact of the 

Frame 6 units operating in isolation is also considered. 

Method of Assessment 

The assessment method is based on dispersion modelling using as inputs the 

latest guaranteed emissions data from suppliers, commissioning test 

measurements by SECWA on the Frame 6 units, and meteorological data from 

Pinjar, Perth airport and Kwinana. 
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The important phenomena affecting dispersion of the exhaust plumes from the 

Pinjar gas turbines, potentially leading to high ground level concentrations 

of NOx, are morning fumigation and limited vertical mixing in highly 

convective conditions. The dispersion modelling must be able to correctly 

deal with these phenomena. 

Morning fumigation occurs soon after sunrise: atmospheric convective 

turbulence mixes the plumes which were dispersing only weakly in the 

nocturnal air aloft down to the surface relatively rapidly and in high 

concentration over a narrow strip in the downwind direction. The 

phenomenon lasts for little more than an hour with concentrations 

decreasing as the mixing layer grows higher than the 'plumes. 

The worst cases of limited vertical mixing in highly convective 

conditions occur at locations near the coast influenced by the 

sea breeze - a common occurrence in summer months. As the cooler sea-

breeze air moves across the coast the lower levels are heated by the 

ground, causing the growth of a thermal internal boundary layer (TIBL) 

from the shoreline inland. The TIBL is frequently only several hundred 

metres deep and is capped by a strong temperature inversion which 

arrests further vertical rise of plumes. The plumes disperse in the 

confines of the highly convective TIBL and ground level concentrations 

can be high for several hours. 

Two major numerical prediction models are used to assess the possible ground 

level concentrations of NOx in the vicinity of Pinjar: 

The CSIRO Lagrangian Particle Fumigation Model (LPFM: Hurley and 

Physick, 1989, 1990) is employed to investigate a worst-case set of 

conditions for morning fumigation. This is a fully time-varying model 

able to simulate the morning progression of mixing layer growth and 

plume fumigation. The model has recently been applied to a SECWA 

proposal for a new power station at Collie (Physick, et al., 1990), and 

to a proposed power station by Hill River Development Corporation 

(Manins and Physick, 1990). The model has three modules: 

The wind field module. The winds in the growing morning boundary 

layer are computed by a prognostic grid point model solving the 

primitive equations of motion of the atmosphere in three dimensions 

with a timestep of 60 seconds. It generates as output a full 

description of the changes of temperature, mean wind velocity 



(including the important effects of wind shear) and turbulence 

parameters at each grid point. 

The plume dynamics module. At each timestep the rise and initial 

dispersion of the pollutant plume from an arbitrarily located 

chimney is computed using the data from the wind field module. The 

equations discussed in Weil (1985) are employed: the Briggs 
1/3 

 law 

for stable conditions (Eq.17 of Weil, 1985); the Briggs plume 

'breakup' 	law for convective conditions (Eq.3 of Weil,, 1985, 

but with a coefficient of 2 instead of3); and for conditions 

involving inversion penetration an interpolation model due to 

Berkowicz and others is used (Eq.5 of Weil, 1985). 

The Lagrangian particle module. Every five minutes a cloud of 

particles is released from the effective height of plume injection. 

The size of the cloud is determined by the plume module and each 

particle is assigned a fraction of the emissions. The particles are 

then dispersed in the computed wind field by a 'random walk' 

process: at each 1-minute timestep (interpolated from the 10-minute 

windfields output from the wind field module) each particle is 

moved downwind a distance according to the local wind velocity. An 

additional displacement is given to each particle at each timestep 

according to the local turbulence conditions. The spatial grid is 

1000 m downwind and 200 m acrosswind. See Hurley and Physick, 1989, 

1990 for full details. 

DISPMOD (v4) is the Gaussian air pollution dispersion model developed by 

EPA from the KAMS experiments (DCE, 1982; Rayner, 1987). The model 

assumes stationarity of conditions over a timestep of a half hour or one 

hour and is used to predict the ground level concentrations for every 

hour of a representative year. The model recently has been extensively 

reviewed and upgraded in a collaborative program between EPA and CSIRO 

(Manins, 1990). It explicitly incorporates a treatment of the impact of 

the sea breeze on plume dispersion and is the most suitable model for 

general application to the present proposal. 

Because the pollutant of concern is NO2, not NOx, this investigation includes 

consideration of the conversion of NOx to NO2 in the atmosphere. A procedure 

is developed and used to transform the predictions from DISPMOD and from the 

CSIRO LPFM to ground level concentrations of NO2. 
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The Region to be Modelled 

Pinjar is 40 km north of the centre of Perth and about 16 km to the east and 

north east respectively of the townships of Yanchep and Wanneroo Beach on the 

the coast, Fig.1. The coastline makes an approximate angle of 1550 
 to North: 

since DISPMOD could only handle a north-south coast line the code was 

extended for this application to allow coastlines of arbitrary orientation. 

The terrain is basically gently undulating. Highest points are no more than 

30 m above the site of the gas turbine station. Thus dispersion modelling 

need not be concerned with the effects of terrain. Ground cover consists of 

banksia scrub and to the west is a pine plantation.. The immediate surface 

conditions are similar to those in the Kwinana region (for which the 

meteorological data used in the modelling was derived - see below), but 

upwind in sea breeze conditions the surface roughness is greater. 

The domain in which computations were made using DISPMOD is 20 km x 20 km 

centred on Pinjar. This is marked on Fig.1. In all conditions except possibly 

at night this domain size is adequate to encompass the regions of predicted 

significant ground level concentrations. The size is as large as is 

consistent with accuracy in modelling in light-wind daytime conditions due to 

the assumption of stationarity (eg Manins, 1990). The domain was extended to 

20 km from Pinjar for an investigation of impacts at night. A grid of 1 km 

spacing was used to resolve locations of high pollutant concentrations. 

Proposed Operation of the Pinjar Gas Turbines 

The Pinjar station is designed for peak-load electricity generation. It is 

expected to operate during weekdays only, between 0600 and 2000 hr. The 

individual units will operate at base-load conditions. Because of the size of 

the increments available (3 x 100 MW and 7 x 37 MW) and the short time 

- 	required to start or stop a unit (about 30 minutes) there will be no need to 

operate units at partial loading. The normal situation would have the Frame 9 

units bperating first, followed by however many Frame 6 units might-be-needed 

to cope with the morning and evening peaks. 

Only the Frame 6 units have the capability of running on distillate fuel oil 

and only then in emergency situations. Three days' supply of distillate is 

available from the storage tanks on site. 
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Since it is not possible to forecast what the weather will be like only on 

week days nor how many units will be operating in particular weather 

conditions nor whether the plant will be restricted to particular hours of 

the day, the simulations for air quality impact assume several simple 

operating regimes for the Pinjar station. In each case each unit is taken to 

operate at base-load conditions 24 hours per day for every hour of the year. 

The regimes are listed in Table 1. 

TABLE 1. Operating Regimes for GT Units. 

REGIME 
FRAME 6 UNITS 

	

-.----.-- 	-......-......-.-....-..--..-.-.-____ 

	

Number 	Fuel 

FRAME 9 UNITS 
- ........ 

Number 	Cycle 

1 7 gas - 
2 7 oil - 
3 - 1 open 

4 - 3 open 

5 7 gas 3 open 

6 7 oil 3 open 

7 7 gas 1 open 

8 7 gas 2 combined 

9 7 oil 2 combined 

5. Emissions Data for the Simulated Operating Regimes for Pinjar 

Emissions from a gas turbine generator vary with ambient temperature. In many 

modelling investigations this variation is ignored. However, here, the 

emissions levels employed in the simulations are varied by season. The 

ambient temperature has been taken to be 15°C in winter (April - September) 

and 30°C in summer (October - March) and the corresponding emissions are used 

in the modelling. 

The data, Table 2, are based on the latest suppliers' specifications, 

guaranteed data for the Frame 9 units, and on estimates for the Combine Cycle 

Plant. The figures differ slightly from earlier estimates for the Frame 6 

units due to more recent information. 
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TABLE 2. Emissions Data for Pinjar Power Station 

PINJAR G.T. PROPERTIES F6/unit 
gas 	oil 

F9/unit Combined1  
 Cycle 2xF9 

hs, 	Chimney Height 	(rn)2  10.6 24. 28 

Ds, 	Chimney exhaust ID (rn)3  2.57 4.25 5.5 

Base load (MW) 
@ Ta= 15

0
C 38 	37 116 330 

30
0
C 34 	33 105 310 

Ts, Exhaust temperature (K) 
@ Ta= 15°C 813 	813 803 425 

30
0
C 821 	821 811 433 

ps, 	Exhaust density (kg/rn3 ) 

@ Ta= 15
0

C 0.427 	0.432 0.432 0.817 
30

0
C 0.423 	0.428 0.428 0.802 

@ NTP 1.272 	1.287 1.272 1.272 

Vs, Flow rate @ Ts 	(m3/s) 	(wet) 
@ Ta= 15°C 321 	317 946 1000 

30
0
C 305 	302 894 955 

NOx Emission (g/s)4  
@ Ta= 15

0
C 39 	59 88 173 

30
0
C 31 	46 70 138 

Emission (g/Nm3 ) 5  

@ Ta= 15
0
C 0.36 	0.55 0.27 0.27 

30
0
C 0.31 	0.46 0.23 0.23 

NO2/NOx at emission 
(% v/v) 20 	20 20 20 

CO/NO2 at emission 
(% v/v) 11 	?? 11 11 

Notes to the Table: 
Combined Cycle consists of two F9's plus a steam turbine. Dimensions and 
emissions are estimates only. 
Site height varies from 76.62 m to 78.56 m AND and is irregular. 
The F6 units 1,2 are Hitachi and have slightly different geometric 
characteristics to the Alison units 3..7. 
Stack diameters are based on area data from SECWA (14/09/90). 
NOx emissions in g/s (wet) are based on suppliers' data as at 21/9/90. 
Four 1990 commissioning measurements by SECWA on Pinj.r F6 units 1, 2 
at base load on gas gave a range of 0.22 to 0.26 g/Nm . This is in the 
range 22 to 28 g/s of NOx cf 39 g/s as tabulated here. 
NOx emissions concentrations are back-calculated from NOx fluxes as 
given by SECWA from suppliers'- data as at 21/9/90. 

The ratio of NO2 to NOx at emission from the gas turbine stacks is an 

important parameter for assessing ground level concentrations of NO2. SECWA 

commissioning tests on the first two Frame 6 units supplied by Hitachi and 

operating on gas at base load gave ratios of 1.6 'I., 14 7., 18 % and 21 % (v/v) 

(SECWA Laboratory Reports No. 90064E, 90161E). Manufacturers' data, if they 

say anything about NO2 emissions, usually quote a figure of 10 % or less 

(Zib, 1988). Flagan and Seinfeld (1988) suggest that 'NO2 can account for as 



much as 15 to 50 ', of the total NOx emitted by gas turbines' but the 

supporting references appear to refer only to aircraft engines. Johnson and 

Smith (1978a,b) report measurements from a 50 MW gas turbine unit at Dry 

Creek in South Australia fuelled with natural gas. They showed that the ratio 

varied strongly inversely with load, and at base load the ratio was 22 %. 

Fundamental research by SECWA has shown that NO2 emissions are very dependent 

on small details of the combustion process and can vary widely with time. 

This is supported by the test measurements quoted above. For the present 

investigation a ratio of 20 ' is chosen as a reasonable expected maximum. 

The ratio of carbon monoxide (CO) to NOx at emission is also needed for the 

present investigation since it is a parameter in the photochemical model that 

is used to determine conversion rates of NOx to NO2 further down wind. 

Measurements of CO on commissioning of the Frame 6 units on gas gave ratios 

with respect to NOx of 10.9 % and 11.4 '1.. Manufacturers' data suggest a ratio 

of 1 %. In the present investigation a ratio of 11 % is used as a reasonable 

estimate. This value is shown in Table 2. 

AEC/NHMRC (1987) recommends emissions limits for new gas turbine units which 

can be realised by the use of best practicable control technology. 

'New plant and installations should be designed to at least achieve 

these standards unless a sound case can be sustained in particular 

situations for their relaxation' (AEC/NHMRC, 1897, p3). 

The AEC/NHMRC (1987) limits for gas turbines rated at greater than 10 MW are 

0.07 g/Nm3  fuelled by natural gas and 0.15 g/Nm3  for distillate oil fuel. The 

emissions levels for the proposed Frame 9 units are three to four times as 

large. Water and steam injection are current methods of NOx emissions 

reduction and 'lean-burn' combustor designs have been proven at emissions 

levels below 0.05 g/Nm3  (Davis, 1989). 

6. Meteorological Data for Modelling 

6.1 Data for DISPMOD 

Surface meteorological data have been collected since late 1987 by SECWA from 

an exposed rise close to the Pinjar gas turbine station. Figure 2, obtained 

from SECWA, shows seasonal and average wind roses recorded in 1988. In the 

summer period, which is the period of strong sea breezes and most frequent 

air pollution events, winds are frequent from the south southwest and from 

the southeast. The speed range 5.5 to 8.5 m/s is more common then too. 

7 



Along with the radiosonde sounding data obtained each day by the Bureau of 

Meteorology at the Perth airport (43 km SSE) the Pinjar data could be used to 

construct the detailed year-long file of half-hourly average meteorological 

data required to run the DISPMOD model. However, the process of file 

construction is quite involved and exacting; it' has not been done. 

Instead, a suitable high-quality meteorological data set processed by EPA 

(Rayner, 1987) from data from the Hope Valley meteorological station at 

Kwinana (70 km south of Pinjar) has been utilised. The only difference 

between a data set constructed from Hope Valley data and one constructed from 

Pinjar data would be due to differing low-level wind velocities and arrival 

times of sea breezes, since both sites have similar surface characteristics 

and all the upper-air data (including data on cloud cover) comes from the 

observations at Perth airport. 

Because Pinjar is further inland the sea breeze arrives there later, or not 

at all, compared with Hope Valley. With this the only significant difference, 

an air quality study for Pinjar using data from Kwinana should tend to 

overestimate ground level concentrations. This is because mixing depths 

should be higher at the time of onset of the sea breeze at Pinjar and so 

predicted ground level concentrations should be lower than at Kwinana. The 

frequency of high air pollution events due to sea-breeze trapping should also 

be slightly lower since sometimes the sea breeze will not penetrate 16 km 

inland. 

A feature of the Hope Valley meteorological data file HVWMLTHK is the 

enhancement of the capping inversion strengths that has been included. 

DISPMOD simulates partial penetration by plumes of elevated inversions 

according to the procedure of Manins (1979). The procedure more accurately 

reflects the interaction of a plume with the capping inversion to the 

convective mixed layer and reduces the need for conservative assumptions 

about when plumes might be trapped. However, a consequence is that the 

strength of the capping inversion must be known. This is obtained as follows. 

First, a mixing layer model is used tocompute the daily course of the 

time-dependent mixing layer height, h., from the early-morning radiosonde 

sounding from Perth airport and--theanalysed surface heat flux. The measured 

temperature profile is then examined at a distance up to 25 % of the mixing 

layer height above the mixing layer-height and the observed temperature 

change is called the inversion strength, £O: it is this that is added to the 

data file. 



While a big improvement on alternatives, the procedure used to obtain 

inversion strengths for HVWMLTHK does result in some large AO values. Table 3 

shows that for mixing layer heights between 300 and 400 m, a common range for 

the plume heights from Pinjar gas turbines, some inversion strengths are as 

much as 7 K. No plume would be able to penetrate such a strong inversion. In 

the whole data set 14 % of cases have inversion strengths greater than 4 K. 

This is also a strong- inversion, allowing little or no penetration by plumes. 

It may be concluded that the final data set is conservative in its treatment 

of plume penetration. Plumes are more likely to be mixed to the ground than 

in reality, but it is not possible to quantify this statement further. 

Table 3. tG vs Mixing Heights 1980 (Daylight hours), HVWMLTHK. 

e.hi<100 <200 <300 <400 <500 <600 <700 <800 <900 >1000>1100 Total 

>0.00 17 40 37 37 30 33 29 39 26 21 496 805 
>0.50 48 81 48 44 50 55 40 41 60 51 364 882 
>1.00 25 69 32 39 44 21 29 28 38 26 304 655 
>1.50 11 17 27 38 29 31 18 25 27 36 207 466 
>2.00. 4 16 19 27 20 16 17 12 16 14 161 322 
>2.50, 2 8 6 15 8 12 11 11 6 3 154 236 
>3.00 1 3 7 14 11 16 17 13 8 12 115 217 
>3.50 0 2 5 11 7 9 9 6 5 8-126 188 
>4.00 0 0 3 2 10 3 5 2 5 2106 138 
>4.50 0 0 0 1 9 10 8 4 4 4 90 130 
>5.00 	0 	0 - 0 	3 	4 	6 	2 	6 - 3 	1 65 	90 
>5.50. 0 0 0 4 5 6 3 0 0 3 61 82 
>6.00 	0 	0 	0 	2 	3 - 3 	2 	2 	1 	0 48 	61 
>6.50 0 0 0 3 1 0 2 0 0 1 35 42 
>7.00 0 0 0 1 4 2 1 1 0 0 19 28 
>7.50 0 0 0 0 0 0 0 0 0 1 17 18 
>8.00 0 0 0 0 1 3 0 0 0 0 11 15 
>8.50 	0 	0 	0 	0 	1 	0 	0 	0 	0 	0 	2 	3 
>9.00 	0 	0 	0 	0 	1 	0 	2 	0 	0 	0 	6 	9 
>9.50 	0 	0 	0 	0 	0 	0 	1 	0 	0 	0 	2 	3 
>10.0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	1 	1 

Total 108 236 184 241 238 226 196 190 199 183 2391 4392 

An important related feature of the treatment of elevated inversions in this 

work is in regard to the inversion at the top of the TIBL (see Section 2). - 

The existence of a TIBL resulting from the sea breeze passage over land is 

dealt with in DISPHOD. The thermal effects of the TIBL are not present in the 

meteorological data file. Plume penetration of the capping inversion has to 

be considered in the model. This is done by enhancing a computed inversion 

strength consistent with the equations governing the TIBL growth. The details 

of this procedure, and of the procedure for estimating the capping inversion 



to the diurnal mixing layer, were devised by Dr Ken Rayner of EPA and this 

writer in collaboration as part of work for the Kwinana EPP (see Manins, 

1990). The result is a data set and computational model applicable to the 

coastal plain near Perth which is by far the best available. 

6.2 Data for CSIRO LPFM 

The meteorological data requirements are different for the CSIRO LPF model. 

This model is used for a worst-case air pollution analysis. The criteria for 

maximum air pollution due to morning fuinigationare light winds, low shear of 

the wind with height and strong thermal stability with height. 

Instead of reanalysing the radiosonde flights for 1980 used to construct 

HVWMLTHK it was more convenient to useadata set that has already been 

analysed for wind shears and thermal stabilities. Spillane and Wren (1981) 

present tabulated data for Perth airport for every day of the years 1973 to 

1977. Analysis of the data for the year 1973 shows that winter had the 

weakest wind shears but that the thermal stability was also weak. When in 

summer the winds were light near the surface, wind shear with height was 
/ 

always large. 

The cases most conducive to morning fumigation appear to occur in autumn, and 

then only one day stands out as being extreme: 9 April 1973. Then the 10 m 

wind was 1.8 m/s, there was no cross-wind shear and there was an increase. 

with height of only 2.4 rn/s/km in the directionof the 10 m wind. The thermal 

stability was 11.4 K/km up to a height of 160 m and above this, 3.8 K/km. 

This day is presented here as the extreme for morning fumigation. 

7. Plume Merging and Station Configuration 

- The-chimneys of the Pinjar Station are close togethe.r. The plumes of hot 

	

- 	gases will interact and merge, enhancing the rise height of the emissions and 

lowering the likely ground level concentrations-of.N0x. This is predicted to 

be a significant effect for the Pinjar Station; ignoring it would lead to an 

	

.. 	unnecessarily conservative result for predicted ground level impact. 

Briggs (1984) suinmarises most of the available information on the phenomenon 

of plume merging. The most influential approach was taken in-Briggs (1974) 

where an empirical interpolation method guided by theoretical.limits was used 

- to calculate plume fise from the stacks of the Tennessee Valley Authority 
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power plants. Data from one, two, three, four and ñinê equally spaced stacks 

operating in a line configuration were used. The maximum rise enhancement 

factor EN for final plume height from N stacks would be N1"3  if all the 

emitted buoyancy completely combined. The actual enhancement should be less, 

depending on the spacing between stacks, As, the rise height of an individual 

plume, Az, and the orientation of the line of stacks to the wind. By testing 

different forms, Briggs found the best for the effective number of stacks in 

combination, NE  to be 

N+S 

	

NE = 	 (Eq.1) 
1+s 

where 
3/2 

(N-i) As 

	

S = 6. 	 . 	 (Eq.2) 
1/3 
N Az 

The rise enhancement factor and enhanced plume rise are then 

EN = N3 	aridAzE = E.Az. 	 (Eq.3) 

No dependence was found on the wind direction relative to the line of stacks; 

this result conflicts with some wind tunnel tests involving two stacks only. 

The only other data set and significantly different approach discussed by 

Briggs was by Anfossi et al. (1978). As quoted by Briggs (1984), for the 

present case of a line of sources the enhancement factor would be 

1/3 
I (i+NAz) 1 

[ 	(i+Az) 	] 

(Eq. 4) 

Manins (1987) compared a comprehensive series of data obtained during the 

Latrobe Valley Plume Tracking Experiments (Fitzgerald, 1986) with the plume 

rise formulae of Briggs (1984) and with those used by the EPA Victoria. The 

quantity and quality of data on emissions and plume rise from the several 

power stations in the Latrobe Valley makes the study unique in Australia. 

For the eight-stack Hazelwood power station the effect of plume merging was 

evident: typically 50 'i extra rise height was observed compared with the 

predictions for a single stack. No dependence on wind direction could be 

discerned in the data. The Briggs approach using Eqs. 1-3 was successful in 

describing the observations for plume rise. 
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Even for the two stack Yallourn W power station where the winds were mostly 

normal to the line of stacks due to topographic channelling, there was some 

evidence of enhancement of plume rise. The prediction forYallourn W was for 

a 10 °h enhancement. 

Consider the predictions for plume merging for the Frame 6 units at Pinjar. 

The units are approximately 40 m apart (Table 4) with chimneys 10.6 m high 

(Table 2). Plume rise for a single Frame 6 unit is approximately 200 m and 

application of Eqs.1-4 gives the results in Table 5. It is predictedthat if 

all seven Frame 6 units were operating then the effective number- of chimneys 

would be 2.5 and the rise enhancement would be 36 % from the Briggs (1974) 

procedure and 91 % if Anfossi et al. (1978) were followed. 

TABLE 4. Configuration of Station and Modelled Equivalent 

UNIT LOCATION 
(m North) 

SEPARATION 
( 	m 	) 

UNITS AS MODELLED 
Locneparation 	Equiv.Emit 

F6-1 .* 5518 
34 * 	F6-A 2xF6 

F6-2 * 5484 

A=52 A=86 

F6-3 * 5432 - 
34 * 	F6-B 2xF6 

F6-4 * 5396 
A=45 A=79 

F6-5 * 5351 
34 * 	F6-C 3xF6 

F6-6 * 5317 = 
= 55 

F6-7 * 5262 t=192 

- -. - =100 

F9-1 * 5162 
- =4O - 

F9-2 * 5122 * 	F9-D 3xF6 

=82. 

F9-3 * 5040 

The predictions for the Frame 9 units follow when a spacing of 40 m between 

units, Table 4, and a plume rise of 280 m are chosen. The enhanced rise would 

be 32 % from Briggs (1974) and 44 % from Anfossi et al. (1978) If three units 

were operating together (Table 5). 
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TABLE 5. Effective Numbers, Rise Enhancement Factors 
for Pinjar Frame 6 and Frame 9 Units. 

Number 
of Units FRAME 6 UNITS FRAME 9 UNITS 
Working . .............  ......... .... ....... .......... 

N 1 2 34 	5 6 7 1 2 	3 

NE 1.00 1.72 2.06 	2.24 	2.36 2.43 2.49 1.00 1.82 	2.32 

EN 1.00 1.20 1.27 	1.31 	1.33 1.35 1.36 1.00 1.22 	1.32 

E 1.00 1.26 1.44 	1.58 	1.71 1.81 1.91 1.00 1.26 	1.44 
N Anf 

A conservative approach is needed for the present assessment. Most of the 

benefits of the effect of plume merging for the Pinjar Power Station can be 

accounted for without placing undue reliance on the assumption of operation 

of, and interaction between, all plumes. 

First, the Briggs (1974) approach is taken in preference to that of 

Anfossi et al. (1978) since it is more conservative (Table 5). 

Second, the Frame 6 units are grouped into pairs with As=34 m so the 

effective number of chimneys for each pair is 1.78 and the enhancement 

factor EN  is 1.21. Unit 7 is grouped with units 5 and 6 with regard to 

NOx emissions but is assumed to have no effect on plume rise. 

Third, the Frame 9 units are grouped as a pair so EN  is 1.22 and, as for 

Unit 7 of the Frame 6's, the third Frame 9 unit is added to the group 

for purposes of NOx emissions but otherwise has no effect. 

Thus for the present assessment the configuration used for modelling with 

DISPMOD consists of four groups as shown on the right in Table 4. The Frame 6 

units are taken to be separated from the Frame 9 group by 192 m. The 

operating conditions for each of the eight scenarios (Table 1) are determined 

using this basic configuration. 

As an example of the approach, consider the Station operating in the summer 

using natural gas as the fuel (Regime 5 in Table 1): 

Each of the three Frame 6 groups A to C is given a volume flux of 

543 m3's (1.78 x 321 m3/s - Table 2). 

The NOx fluxes for A and B are set to 62 g/s (2 x 31 g/s), and for D it 

is 93 g/s (3 x 31 g/s). 

The Frame 9 group is given a volume flux of 1627 m 
3
/s in summer (1.82 x 

894 m3/s - Table 2) and a NOx flux of 210 g/s (3 x 70 g/s). 
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A conservative simplification is made for the CSIRO LPFM. All Frame 6 units 

are combined into an emitter which has a volume flux equivalent to a pair 

(volume flux of 571 m3/s for winter conditions) and a NOx flux equal to seven 

times the emission from one unit. The Frame 9 units are treated similarly. 

B. NOx Conversion to NO2 in the Atmosphere 

A one-dimensional atmospheric boundary-layer model incorporating the photo-

chemistry of NOx conversion to NO2 for short travel times was applied to the 

Pinjar region. Described in detail in Appendix A, the model predicts the 

first two hours of the life of an air parcel emitted from the gas turbines 

into an air mass with various chemical characteristics. The case utilised in 

the present investigation is one with ambient air properties chosen to be 

representative of Perth air. The ambient ozone level is assumed to be 40 ppbv 

and the NOx concentration at the effective injection height of 280 m is taken 

to be 330 ppbv, 20 % of which is NO2. 

The model predicts the ground level concentration of NOx and NO2 as a 

function of travel time of the air mass. This is NOT the same as the 

conversion rate in the bulk of the-plume with time, since the NOx in surface 

air must be more dilute than that at the elevated plume centreline. Figure 3 

shows the course of ground level concentrations with time for the case of 

ambient air characterising diluted Perth air: in particular, the ambient NO2 

concentration has been taken as 15 ig/Nm3  at Pinjar. Other cases are shown in 

Appendix A. In the absence of ambient hydrocarbons the increment in NO2 

concentration due to oxidation of plume NO cannot exceed the ozone 

concentration on a volume basis. As discussed in Appendix A, there is some 

enhancement of NO2 concentrations ..he-r-e, .because of the effect of hydrocarbons 

from motor vehicles and natural., sources. After'approximately 70 minutes the 

ground level concentrations of NOx anthNO2--i-n the air mass fall, due to loss 

by conversion of the NO2 to nitric--ac-id and uptake of NO2 at the ground 

surface. This is shown in Fig.3 by the curve reversing its trend with time. 

The results in Fig.3 are applied -to- predictions of-DI.SPMOD and the CSIRO LPFM 

by fitting a simple upper-bound curve- for NO2 as a function of NOx and using-. 

this to convert NOx predictions-to NO2-predictions. Note that the relation is 

only applicable for ground level concentrations, providing a conservative 

prediction. The relation used, in- terms of jig/Nm3  (not ppbv), is, from Fig.3 
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[NO2] = 0.65 x [NOx] - 0.00058,x [N0x1 2 	 (Eq.5) 

3 
where [NOxJ is the predicted ground level concentration in gig/Nm . For 

comparison with other approaches Eq.5 predicts that up to 65 X of NOx is 

converted to NO2 in the early life of the air mass. 

9. Air Quality Objectives for Ambient NO2 Concentrations 

The assessment of the Pinjar Station's impact on grounds of ambient air 

quality is to be judged in term of the objectives, guidelines and standards 

of various authorities. The most relevant to Western Australia are listed in 

Table 6. A more detailed listing may be found in Bentley et al. (1989). The 

important guidelines for NO2 are the air quality goals of AEC/NHMRC (1987) 

and the air quality objectives (Acceptable Levels) of EPAV (1981). The other 

criteria listed in Table 6 will be met if these are. 

TABLE 6. Ambient Air Quality Standards for Nitrogen Dioxide 

AUTHORITY TYPE, 	CONCENTRATION, CRITERIA 

AEC/NHNRC (1987) 
Air Quality Goal 

1 hr average 320 ig/Nm3  (not to be exceeded more 
than once a month 

EPAV (1981) 
Air Quality Objectives 

Acceptable Levels 

308 ig/Nm3  (not to be exceeded on more- 1 hr average 
than three days in any year) 

24 hr average 123 ig/Nm3  (not to be exceeded on more 
than three days in any year) 

WHO (1987) 
Guideline Values for Europe 

1 hr average 400 .tg/Nm 3  

24 hr average 150 g.tg/Nm3  

USEPA 
Primary Air Quality Standard 

annual average 100 g/m3  
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Some interpretations need to be made before predictions from the modelling 

can be compared with the criteria in Table 6. 

Compliance with the AEC/NHMRC goal is achieved if the maximum 1 hr 

average ground level concentration of NO2 does not exceed 320 jig/Nm3  in 

a month. For the assessment of the Pinjar proposal it is more convenient 

to make a conservative interpretation: achievement is taken to mean that 

the second highest predicted ground level concentration over a whole 

year at any location should be less than 320 jig/Nm3. 

Compliance with the Victorian EPA Objectives is achieved if hourly and 

24-hourly average concentrations of NO2 do not exceed specified levels 

on more than three days in any year. The hourly Objective has been 

interpreted for modelling purposes in Section 11 of EPAV (1985) to mean 

that the predicted 99.9 percentile peak hourly concentration should be 

less than the specified level. For calculations using a full year of 

data, the 99.9 percentile would correspond to the ninth highest peak 

hourly concentration. This interpretation somehow supposes that a 

potential receptor can move around the domain to intercept the top nine 

hourly values so as to be affected by the pollutant. The likelihood 

of this being possible is lowest in situations with a single elevated 

point source, since then the difference in probability between impact a 

specified receptor, and impact anywhere in the domain, is large. The 

problem is recognised by EPAV Scientific Services (Dennis Hearn, private 

communications: September, October 1990) and they in practice use the 

interpretation employed by West Australian EPA. As interpreted and 

applied by WA EPA, it is the highest of the ninth highest hourly average 

concentrations throughout the calculation domain that is compared with 

the EPAV levels. It is this latter interpretation that is used for the 

Pinjar assessment. 

Further, EPAV uses non-running hourly averages, so-called 'clock hour 

averages'. For this assessment it is more convenient (and more accurate 

in simulating the process of dispersion) touserunning hourly averages 

derived from 30 minute (DISPMOD) or 15 minute (CSIROLPFM) timesteps. 

10. Modelling Results from DISPMOD 

10.1 Seven Frame 6 Units using Gas or Oil 	. 

Figure 4 presents contour plots of the second highest and ninth highest 

predicted hourly average NO2 concentrations for all seven Frame 6 units 
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fuelled by gas and operating at base load. The domain is 20 km x 20 km as 

shown in Fig.1. Results for the similar case with all units fuelled by oil 

are presented in Fig.5. The maxima predicted are tabulated in Table 7, both 

for NO2 and NOx. By comparison with the criteria in Table 6, the predicted 

maximum impact of the Frame 6's when operating in gas-shortage emergency 

conditions on oil is 54 % of the AEC goal and 31 % of the EPAV 1 hr 

Objective. 

10.2 Frame 9 Units in Isolation 

Once constructed, the Frame 9 units will be operated in preference to the 

Frame 6 units (Section 4), so the predictions of Fig.6 are the most relevant 

for assessing the expected impact on ground level concentrations of NO2 

around Pinjar. The figure shows maps of the predicted contours of the second 

highest and ninth highest 1-hour average NO2 concentrations in the domain for 

the case of three Frame 9 units operating at base load. The predicted maximum 

NO2 levels as given in Table 7 are approximately 68 '4 of the levels expected 

from the Frame 6 units. 

The maximum 24 hourly and annual arithmetic average concentrations of NO2 are 

of interest. They are shown in Fig.7. The maximum 24 hourly average 

concentration is predicted to be 13 gig/Nm3  compared with the EPAV Acceptable 

Level of 123 gig/Nm3, and the maximum of the annual average concentration 

field is no more than 0.7 pg/Nm3  - negligible by comparison with the USEPA 

Primary Standard of 100 gig/rn 
3
listed in Table 6. 

TABLE 7. Predictions of Maximum 2nd and 9th Highest Concentrations 

REGIME REGIME REGIME REGIME REGIME REGIME 
1 2 3 4 5 6 6variant 7 8 9 

1 hr 7xFrame6 Frame 9 7xF6+3xF9 7xF6+3xF9 7xF6+lxF9 7xF6+F9CC 

gas oil lx 3x gas oil night,oil gas gas oil g 3 

NO2 
2nd 136 172 40 93 150 177 114 150 176 181 
9th 85 95 21 58 117 136 91 97 115 143 

NOx 
1st 382 585 80 214 422 625 177 419 602 805 
2nd 280 427 65 168 326 468 142 324 454 601 
9th 152 225 34 98 225 279 91 178 220 301 

/ 

If only one Frame 9 unit were operating, the predicted maximum second highest 

hourly average concentration of NO2 is 40 gig/Nm3, and for the maximum ninth 

highest it is 21 gig/Nm3. These are 43 '4 and 36 '4 of the respective results 
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due to three Frame 9 units. The contour maps of ground level concentrations 

are similar to those given in Fig.6, but these cannot simply be scaled by 

emissions because of the absence of enhanced plume rise when only one unit is 

operating. 

10.3 Seven Frame 6 Units + Frame 9 Units 

The Maximum Normal Case. Predictions for Regime 5 (Table 1) are shown in 

Figs.8 and 9. This is the scenario for normal maximum emissions 

(ie adequate gas supply, full load demand) with all seven Frame 6 units 

and the three Frame 9 units operating at base load conditions. 

As given in Table 7, the maximum second highest prediction of hourly 
3 

average NO2 concentration is increased by 10 , to 150 pg/Nm and the 

maximum ninth highest by 38 % to 117 pg/Nm3  compared with the situation 

with the Frame 6 units operating alone. These levels are 47 % and 38 % 

of the AEC and EPAV criteria concentrations respectively. 

The emissions from the Pinjar station are practically doubled for Regime 

5 compared with Regime 1 (Section 10.1): from 0.25 kg/s to 0.48 kg/s. 

However, the predicted peak NOx level is increased by less than 11 % 

(Table 7), and the maximum ninth highest NO2 concentration is up by less 

than 38 %. This is due to the greater buoyancy flux and hence plume rise 

from the Frame 9 units. 

The maximum 24 hour average of NO2 concentration is no more than-

32 pg/Nm3  as shown in Fig.9. This is less than 28 % of the EPAV 
3 

Acceptable Level. With a value of 2.0 pg/Nm , the predicted maximum 

annual average is still negligibly small and is indicative of the rarity 

of plume impact at any nominated location from an elevated sburce. 

Strict Comparison with EPAV Objectives. Despite the argument in Section 9 

proposing that the interpretation of the EPAV Objective should be 

against the predicted maximum ninth highest hourly average ground level 

concentration, the 'official' methodology for Victoria has been applied 

to Regime 5 to investigate its consequences. DISPMOD has been run with 

1 hour timesteps and the ninth highest peak ground level concentration 

of NO2 has been obtained. Eight of the top ten peak concentrations occur 

in summer, all except one lying between 0800 and 1100 hr. The ninth 

highest peak value predicted is 165 pg/Nm3, which is 54 % of the EPAV 

Acceptable Level Objective. This may be compared with the maximum ninth 



highest predicted value of 126 jig/Nm3  and the value'of 117 jig/Nm3  in 

Table 7. Thus the use of 1 hour timesteps results in 'a predicted 

increase (overestimate) of 8 ', and the application of the criterion of 

ninth highest, peak gives a further increase of 33 % in the ground level 

concentration of NO2 to be compared with the EPAV Objective. 

Maximum Emergency Case. Regime 6 is for a gas-shortage emergency with high 

load demand so all Frame 6 units are operating on oil and all Frame 9 

units are on gas. The region of impact is larger than for Regime 5, as 

is shown in Fig. 10 for the hourly average contours. Maximum predicted 

concentrations of NO2 are increased by up to 18 % as shown in Table 7, 

even though the emission rate of NOx is increased by 25 %, to 0.6 kg/s. 

Grid Resolution. Perhaps the use of a 1 km grid is too coarse to resolve the 

maximum ground level concentrations close to the power station where the 

spatial gradients of NOx are steep. This possibility has been tested for 

Regime 6 by running DISPMOD with a grid spacing of 250 m. The maximum 

second highest NO2 concentration is increased to 178. jig/Nm3  and the 

maximum ninth highest NO2 concentration goes up to 144 jig/Nm3  just to 

the west of the station (see Fig.10). Thus the maximum error in 

continuing to use the 1 km grid is approximately a 6 7 underprediction. 

Plume Impact at Night. The increased thermal stability of the atmosphere near 

the ground due to cooling to outer space inhibits mixing of elevated 

plumes to the surface. Ground level concentrations are lower than in 

the day unless local surface sources such as motor vehicles or domestic 

combustion heating are prevalent. Chimney plumes travel further before 

mixing to ground, the size of domain utilized so far may be inadequate, 

and NOx conversion to NO2 is faster than during the day. 

Consequently Regime 6 has also been run for night hours only (2000 - 

0700 hr) with the domain extended to 20 km to the west - in the 

direction of predicted higher nocturnal concentrations. Further, a much 

simplified method of NOx conversion is employed, more appropriate to 

night conditions. As before, it is assumed that the ambient air 

originates from Perth, and that the ambient ozone concentration is 

40 ppbv. At night it may be taken that the conversion to NO2 is totally 

ozone-limited so, instead of Eq.5, the increment in ground level 

concentration of NO2 due to Pinjar emissions is given by 
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EN021 = 0.2x[NOxJ + minimum( 82 ig/Nm3, 0.8x[NOx} ) 	(Eq.6) 

where [NOx] is the predicted ground level concentration increment in 
33 

ig/Nm , 20 % of NOx emissions are as NO2, and 40 ppbv [NOx] = 82 tg/Nm 

The predictions for the nocturnal simulation are shown in Fig.11. Note 

that the power station is located on the right hand side of the contour 

maps. The extreme values predicted are given in Table 7. The values 

should be increased by the ambient NO2 concentration which, for the full 
3 

simulations, is taken to be 15 gig/Nm . Since they are lower than the 

values predicted in the full simulations, the results using nocturnal 

conversion chemistry do not distort the primary assessment against the 

criteria of Table 6. 

Table 8 suininarises results for the nocturnal gas-shortage scenario for 

the townships of Yanchep and Wanneroo Beach. While the predictions for 

this emergency situation give higher concentrations at night than for 

the full simulations, compared with air quality criteria levels they are 

no more than 31 % of the AEC goal. 

TABLE 8. Predictions for Yanchep and Wanneroo Beach 
7xF6 on oil, 3xF9 on gas. 1 hr averages. 

NO2 YANCHEP WANNEROO BEACH 

ig/Nm3  day 	night day 	night 

<80 	89 2nd <56 	98 

9th <68 	66 <45 	62 

If wind direction is ignored, then from Fig.11 the maximum second 

highest concentration at, for example, Wanneroo due to operations at 

Pinjar could be as high as 114 ig/Nm3  during a nighttime gas-shortage. 

This is 36 % of the AEC air quality goal for NO2. 

Only One Frame 9 Unit. Regime 7 can be disposed of quickly. It has only one 

Frame 9 unit operating in conjunction with the sevenFrame 6 units on - -: 

gas. Again, Table 7 summarises the results: they are only marginally 

lower - than those for Regime 5 which has three Frame 9 units operating. 

The results with the Frame 6 units operating on oil instead, are obvious - 

and are not presented. 
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10.4 Seven Frame 6 Units + Frame9 Combined Cycle 

The cases are Regimes 8 and 9 with the Frame 6 units using gas and oil 

respectively. The combined cycle system is an option that SECWA is currently 

considering. While the predictions for the maximum NO2 concentrations are 

generally a little higher than for Regimes 5 and 6, as is shown in Table 7, 

the plots of hourly concentration contours are similar. This may be judged by 

comparing the plots for Regime 8, Fig.12, with those in Fig.8. Plots for 24 

hourly average, annual average, and for Regime 9, are similar to the plots in 

Figs.9 and 10. 

Comparison with the criteria listed in Table 6 indicates that the combined 

cycle option is predicted to reach 55 °, of the AEC goal and 37 X of the EPAV 

Acceptable Level (1 hr average). If the Frame 6 units were to operate on oil 

for some time, the impact might be as much as 57 °h of the AEC goal and 46 % 

of the EPAV Acceptable Level. 

To a first approximation, imposition of 'official' EPAV methodology could 

result in an increase of 40 % in the predicted comparative criteria 

concentrations. Then for gas and oil fuels the impact of the combined cycle 

option could reach 52 % and 65 % respectively of the EPAV Acceptable Level. 

The upper portion of Fig. 13 is a plot of the maximum 24 hour average 

predictions of NO2 concentration at each grid point. The maximum in the 

domain is 33 .tg/Nm3. If the Frame 6 units were all running on oil the 

possible maximum is predicted to be as much as 42 jig/Nm3. Also in Fig. 13 is a 

plot of the predicted annual average with all units operating at base load on 

gas. The maximum is 2.2 jig/Nm3. 

TABLE 9. Effect of Chimney Height on Hourly Ave. 
Levels for Combined Cycle System +7xF6 

NOx HEIGHT (m) 
lhr 

28 	50 	75 
max 

1st 602 	572 	511 
2nd 454 	390 	376 

Sensitivity of predicted ground level concentrations to an increase in 

chimney height for the combined cycle system is presented in Table 9. The 

only Regime tested is number 8, and only NOx concentrations are given in the 
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Table. Increasing the height to 75 m results in a decrease of 17 X in the 

maximum second highest hourly- average concentration. of NOx. The station as a 

whole then consumes 51. % of the AEC goal for NO2 compared with 55 % for the 

reference chimney. 

11. Worst-Case Results from CSIRO LPFM 

The meteorology for the extreme 'winter' event is discussed in Section 6.2; 

the appropriate emissions for all seven Frame 6 units and three Frame 9 units 

fuelled by gas are given in Table 2; and the treatment of plume merging is 

described in Section 7. Three Regimes - 6, 7 and 8 - have been investigated 

and the results are presented in Table 10. The Table gives the peak rolling-

hourly average NO2 concentration in ig/Nm3  at several distances from the 

station. The time of occurrence of the extreme prediction for each Regime is 

indicated in brackets below its predicted value. 

TABLE 10. Maximum Peak Hourly Average Concentrations of NO2 
From the Lagrangian Particle Fumigation Model. 

DISTANCE (km) 2 3 5 10 15 20 

REGIME 5 
NO2 99 108 105 113 111 95 

7xF6+3xF9 (0830) 

REGIME 7 
NO2 93 105 91 97 95 79 

7xF6+lxF9 (0745) 

REGIME 8 - 
NO2 124 136 117 125 - 119 98 

7xF6+F9CC (0745) - 

Figure 14 shows the time evolution of ground level concentrations of hourly 

average NO2 at the several distances in Table 10 for Regime 5. Close to the 

station, at 2 km downwind, the surface impact peaks sharply at about 0745 hr 

as parts of the plumes are mixed down from aloft. Ground level concentrations 

then reduce as the mixing layer -grows rapidly; they increase again later as 

plume rise is reduced in the convective mixed layer. At greater distances the 

time evolution is slower but the peak concentration varies little with 

distance: it is merely delayed to between 0830 to 0900 hr. 
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The surface footprint' of the plume each 15 minutes around the time of 

maximum peak at 0830 hr is shown in Fig. 15 for Regime 5. The Pinjar station 

is located at 20 kmon the X axis in Fig.15. The striking feature is the 

narrowness of the footprint: at a downwind distance of 10 km the 40 ig/Nm3  

contours of NO2 are only 1.5 km apart. This is characteristic of morning 

fumigation. 

Figures 16 and 17 show the time evolution for Regimes 7 and 8 respectively. 

The features are similar to those already presented so the footprints are 

omitted. 

Returning to discuss Table 10, the most notable features besides the slow 

variation of maximum ground level concentration of NO2 with distance, are the 

magnitudes of the predictions. They are all considerably less than the 

maximum second highest predictions in Table 7 from DISPMOD. For example, for 

Regime 5 DISPMOD predicts 171 jig/Nm3  for the maximum peak ground level 

concentration; the LPFM predicts 113 jig/Nm3  albeit at a distance of 10 km 

downwind instead of just over 1 km. 

In previous applications of the LPFM its predictions have all been 

considerably higher than those from Gaussian plume models and from 

'probability density function' models (Physick et al., 1990; Manins and 

Physick, 1990). The major difference here seems to be the use of the 

meteorological data set HVWMLTHK and its enhanced inversion strengths in the 

application of DISPMOD to Pinjar. It appears that as a consequence of the 

simulated strong capping inversions and the inability of the plumes to escape 

to higher levels, the predictions from DISPMOD of extremes of ground level 

concentrations of NO2 must be treated as conservative. Thus there is little 

point in interpreting further the predictions from the LPFM: the discussion 

of the DISPMOD results has already covered the worst cases for this 

investigation. 

12. Plume Visibility 

The emissions concentrations of NOx from the Pinjar Frame 6 units, in 

particular, are relatively large at 0.36 g/Nm3  (Table 2, ambient at 15
0
C). 

Further, the Pinjar station is unusual in that there are so many units in a 

line. So, for an observer looking from the direction of, say, Perth, the 
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optical depth of NO2 might be sufficiently large that the plume is visible as 

a brown layer stretching off in the direction of the wind. 

In Ontario, Canada, brown plumes from the Nanticoke power station due to 

concentrations of NO2 are common (Melo and Stevens, 1981). The plume is 

clearly visible on 5 % of days, persisting for tens to hundreds of kilometres 

depending on the prevailing meteorology. Observations in May 1989 by the 

writer of the plume from Eraring power station on the Central Coast of New 

South Wales were similar. As part of a data gathering exercise for ECNSW the 

Eraring plume was followed by aircraft for many tens of kilometres out to sea 

in a stable offshore wind. The plume was clearly visible at all times as a 

brown layer embedded in a thermal inversion. The Dry Creek Gas Turbine power 

station plumes in Adelaide are also visibly yellow-brown (Johnson and Smith, 

1978a), at times to considerable distances though fitting changed combustor 

designs is reducing the problem. On some occasions the plume from the eight-

stack Hazeiwood power station in the Latrobe Valley is visible as a shallow 

yellow-brown layer high above the ground (eg Fig.2 on p33 of Manins, 1986). 

Melo and Stevens (1981) conclude that 

'The oxidation of NO to NO2 is faster when good atmospheric 

dispersion prevails. Brown plumes, however, are not observed under 

these conditions because the high dilution rates at these times far 

outweigh the increased reaction rate in determining the NO2 burden 

available for light absorption between the observer and the 

background sky. A lower limit of 90 ppm-m NO2 has been derived as a 

criterion for visible brown plumes in [the] region.' 	 - 

The criterion of 90 ppm-rn for visibility of the plume is higher than used by 

the EPAV during a public inquiry in 1977 into the then-proposed Jeeralang gas 

- 	 turbine power station in the Latrobe Valley. EPAV referred to a report by the 

US National Air Pollution Control Administration (Report AP-67 1970) that 

quoted a figure of 60 ppm-rn of NO2 for the-plume to be just visible. 

For the Pinjar power statiohthé Opticaldepth of NO2 to an observer looking 

across the rising plumes at first decreases dUe to dilution before possibly 

increasing by compensating conversion of NOx to NO2 by ambient ozone. The 

increase in optical depth will be favoured in conditions described by Melo 

and Stevens (1981): thermally stable conditions, little background haze and a 

uniform blue background to increase the apparent contrast. To test whether 

visibility is a possible problem for the Pinjar station, only the conditions 
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at the unit exhaust levels are considered here. Table 11 summarises the 

computed optical depths for several cases using reference emissions from 

Table 2 and an ambient temperature of 15°C 

TABLE 11. Optical depths at exhaust from the 
Individual Units of Pinjar Station 

PINJAR 

Ds 	(m) 

F69as F6oil F9gas F9CC 

2.57 2.57 4.25 5.50 

[NOx] 	(ppm) 175 278 131 131 

[NO2] 	(ppm) 35 56 26 26 

OD (ppm-m) 90 144 111 143 

In each case the exhaust from the individual units should be visible due to 

absorption of light by NO2. Casual observation in September 1990 by the 

writer indicated that this was not the case for the Frame 6 units operating 

on gas. Both the assumed NO2 fraction in the exhaust (20 % of the NOx) and 

the assumed flux of NOx are probably excessive. 

More realistically, assume that the fraction of NOx that is NO2 in the 

exhaust is only 2 X and that the NOx emission for the Frame 6 units is only 

131 ppm (0.27 g/Nm3) when operating on gas, the same as the guaranteed value 

for the Frame 9 units, and is 210 ppm (=131x56/35) if using oil. There is 

some support for these values from commissioning measurements (see the 

discussion in Section 5). Then Table 12 indicates that to a suitably oriented 

observer the emissions might be visible as a brown colouration when all Frame 

6 and Frame 9 units are operating on gas. If instead, the Frame 6 units had 

to operate on oil, the emissions would be visible. If the combined cycle 

option were to be implemented then at maximum conditions the exhaust from the 

station might be just visible.. 

TABLE 12. Optical Depths with Reduced missions 
and Multiple Units Operating 

OD 	(ppm-rn) 

1 unit 

F6gas F6oii F9gas F9CC 

6.7 10.8 11.1 14.3 

7 units 47 76 

3 units 33 

7xF6+3xF9 80 109 

7xF6+F9CC 61 90 
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13. Discussion of Results 

First, here are the major assumptions and limitations that underly the air 

quality assessment: 	 -- 

From commissioning data obtained by SECWA it is likely that the NOx 

emission fluxes for the Frame 6 units used in the assessment are 

conservative by approximately 30 %. 

There is evidence that the assumed fraction of NO2 in the exhaust NOx 

should be nearer 2 % than the 20 % use here. 

The meteorological data set HVWMLTHK overestimates the restrictive 

mixing conditions due to sea breeze incursion because of the larger 

distanc.e from the coast of Pinjar than Hope Valley. 

Some of the strengths of capping inversions to the mixing layer on 

non-sea breeze days included in HVWMLTHK are so large that predictions 

from DISPMOD are more severe with regard to predicted ground level 

concentrations of NO2 than the worst-case CSIRO LPFM. This is probably 

the most conservative assumption made in this investigation. 

The algorithm for plume merging and hence enhanced plume rise used 

her allows for. only pairs of plumes to merge. In practice several or all 

plumes would merge, leading on occasion to greater rise heights and 

lower ground level concentrations. 	 - 

The algorithm for conversion of NOx to NO2 used i-n--the investigation 

assumes that diluted Perth air always impacts on the station and yet the 

ozone level is still at the upper range of ambient values found 

elsewhere. No relevant data on ozone concentrations near Pinjar exist. 

In the absence of any relevant field data, the ambient NO2 level has 

- 	 been assumed to be constant at 15 ig/Nm3: a figure based on observations 

at Hope Valley, Kwinana. 

For comparison with the AEC/NHHRC air quality goal for NO2.-the maximum 

second highest predicted hourly rolling-average concentration over 

twelve months is used, rather than over one month. 



For comparison with the EPAV Acceptable Levels for NO2 the maximum ninth 

highest predicted hourly rolling-average concentration over twelve 

months is used. This is instead of the ninth highest peak clock-hour 

average as is 'official' EPAV policy. The latter procedure predicts 

approximately 40 % higher ground level concentrations in one test. 

The spatial gradients of peak ground level concentrations are low 

everywhere except close to the station. There, the use of a 1 km grid is 

shown to lead to an underprediction of the peak by approximately 6 % in 

one test. 

These points should be borne in mind when judging the comparisons with 

criteria concentrations that are summarised here in Table 12 as derived from 

Tables 6 and 7. A broad generalisation of Table 12 is. that no variant of the 

proposal should absorb as much as 60 % of the AEC/NHMRC (1987) goal for NO2. 

Further, less than 50 % of the EPAV (1981) hourly average Objective for NO2 

is absorbed by variants of the proposal. All other relevant criteria as 

presented in Table 6 are satisfied by greater margins. 

TABLE 12. Predicted Percentages of AEC/NHMRC and EPAV 'Standards' 
Taken up by the Existing + Proposed Pinjar GT Station. 

% of REGIME REGIME REGIME REGIME REGIME REGIME 
1 hr 1 	2 3 	4 5 	6 6variant 7 8 	9 
ave. 7xFrame6 Frame 9 7xF6+3xF9 7xF6+3xF9 7xF6+lxF9 7xF6+F9CC 
Goals 

gas 	oil lx 	3x gas 	oil night,oil gas gas 	oil 

AEC 43 	54 13 	29 47 	55 40 47 55 	57 
EPAV 28 	31 7 	19 38 	44 34 31 37 	46 

1• 	 3 
An ambient NO2 concentration of 15 gig/Nm has been added, cf Table 7. 

On some occasions the emissions from the Pinjar station might impact on 

Waimeroo or even Perth. The expected hourly average impact is predicted to 

be as much as approximately 36 X of the AEC goal if the Frame 6 units were 

to all operate on oil along with three Frame 9 units on gas. This might occur 

in the early morning or evening, but not during the day. It must be 

emphasised that the resulting ground level concentrations of NO2 are very 

rarely simply additive to local pollutant levels. This is because the 

meteorological conditions for high pollution due to local low-level sources 

are very different to those for impact from elevated plumes such as that from 

Pinjar power station. 
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For high local pollution the thermal stability of the atmosphere needs 

to be strong and the winds light, such as in the early morning or 

evening. Then the plumes from Pinjar will be held aloft. 

Pollution levels due to surface sources are low in highly convective and 

sea-breeze fumigation conditions when the Pinjar plumes are brought to 

the ground in relatively high concentrations. 

A brief study of the conditions under which the top 100 ground level 

concentrations of NO2 are predicted to occur using DISPMOD led to the 

following points: 

' 68 events occur in the months October to March - 'summer' 

) only one event occurs in the months June to September. 

the earliest an event occurs is 0800 hr; the latest 1900 hr. 

13 events occur from 1600 hr and later. 

the great majority of events occur in the early to mid morning. 

most wind speeds are represented. 

the mixing layer height is in the range 230 m to 780 rn. 

most events' maxima are in the proposed 3.1 km-radius noise buffer zone. 

14. Conclusions and Reconnnendations 

It seems that no variant of the proposed expansion at Pinjar should absorb as 

much as 60 % of the AEC/NHMRC (1987) goal for NO2. Less than 50 % of the EPAV 

(1981) hourly average Objective for NO2 should be absorbed by variants of the 

proposal. All other relevant local air quality assessment criteria are 

satisfied by greater margins. 

There is little benefit with regard to air quality for SECWA to consider the 

installation of only one - Frame 9 unit at Pinjar. Theenhanced--plume rise--from-

two or three units practically cancels out the potential for increased ground 

level concentrations of NO2.----,- - - - 

If the combined öycle approach is to be pursued by SECWA there is a 	 - 

significant improvement of 17X in air quality to be gained by using a 

chimney of height 75 rn -rather -than the present referenceheight of-28 rn.- 



If the emissions values employed for the present investigation are achieved 

in reality then visibility of the Pinjar plumes in stable morning or evening 

conditions will have a significant impact on observers, possibly even at 

large distances from the station. At lesser emissions levels, when the 

station is running at or near maximum capacity it can be expected that the 

combined plume from the station will be visible in appropriate meteorological 

conditions. The only solution will be to significantly reduce NOx emissions 

by fitting suitable control or low-NOx combustion devices to the Frame 6 

units. 

A regular program of emissions testing of each of the Pinjar units is 

recommended. The tests should cover emissions concentrations of at least NOx 

and NO, so that NO2 concentrations can be derived. The variation of NO2 

emissions with conditions should be monitored and corrective action taken if 

the level rises towards the percentage used in this investigation: 20 % of 

NOx concentrations. 

It is still not too late to implement the air quality monitoring program that 

has been discussed by SECWA in the past. In concert with the emissions tests 

already discussed, monitoring of ambient air quality near Pinjar would: 

establish the accuracy of assessment procedures, particularly the 

assumptions that have been made regarding oxidation of NO to NO2; 

provide evidence of the actual impact of the operation of the existing 

and proposed plant; 

make available a reliable data base of ambient concentrations for the 

assessment of any future expansion; 

enable answers to be provided regarding the impact of Pinjar emissions 

on Perth and vice versa. 

Specifically, there should be at least one routine ambient air quality site 

located three to five kilometres from the Pinjar station towards the south. 

It would be desirable to locate an additional station to the north east. 

Ozone, NOx and NO2 should be monitored, and the monitoring of sub-10 gim 

particles (the 'inhalable particles' ) should be considered. 

An adjunct summer field campaign is also desirable. This would be designed to 

measure hydrocarbons in the air around Pinjar to help validate assumptions 

regarding the photochemistry of NOx emissions and the interaction of Perth 

29 



and Pinjar air masses. The campaign should also measure gaseous nitric acid 

sufficiently far downwind of Pinjar that the contribution of the emissions to 

atmospheric acid loading can be assessed. 
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FIGURE 4. Predicted contours of second highest (top) and ninth highest 
(bottom) hourly average NO2 ground level concentrations for 
Regime 1: seven Frame 6 units at base load on gas. 
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Summary 

Atmospheric chemical and physical processes 
regulating in the conversion of nitric oxide, NO, to 
nitrogen dioxide, NO2 , in nitrogen oxide, (NO,., NO,. = NO 
+ NO2), rich plumes are presented. 

Previous published work from other Australian sites 
is sunimarised. 

A 1-dimensional atmospheric chemical/diffusion 
model is used to calculate ground level concentrations of 
NO2  in the presence of varying concentrations of NO_, 
during two hours following the introduction of the plume 
into the model domain. 

Model runs are presented for 
- one set of meteorologicalconditions derived from 

the set of worst case plume strike analyses 
- two cases of plume NO,. emissions, these being 

100% NO, and 80% NO plus 20% NO2 . 

- three cases of background air concentrations of 
other species (ozone, hydrocarbons etc.), applicable to 
rural air, oceanic air and diluted air from Perth. 

Model results indicate that oxidation of NO to NO2  
by ozone, 03 , is the dominant process, with some 
enhancement of NO to NO2  conversion by other chemical 
mechanisms. 

Inall the above cases, when appreciable surface 
NO_, concentrations occur due to dispersion of the plume 
to the ground, the NO2  is less that 0.6 of the NO,.. 



1. INTRODUCTION 

The purpose of this study is to model the ground 
level concentrations of nitrogen dioxide, NO2, arising 
from concentrated emissions of nitric oxide, NO, and 
nitrogen dioxide by a point source representing the 
Pinjar Gas Turbine Power Station. This study is presented 
as an Appendix to the major study "Expansion of Pinjar 
Gas Turbine Power Station: Assessment of the Impact on 
Air Quality" by P. C. Manins. 

1.1 The conversion of Nitric Oxide to Nitrogen Dioxide in 
Concentrated Plumes 

There are five chemical processes dealt with in this 
study. These are: 

The production of NO2, along with NO both in the 
turbine combustion process and while in the exhaust stack 
stack. The ratio of NO2  to NO has been measured in the 
exhaust of several of the gas turbine stacks at Pinjar, 
as discussed in the main report, and for the modelling 
here we assume alternately that the initial mixture in 
the plume is either 100% NO, or 80% NO and 20% NO2 . 

The conversion of NO to NO2  by ozone, 03 , in the 
atmosphere. The reaction of 03  with NO to form NO2  
proceeds quickly with a lifetime of reaction with respect 
to the less concentrated species of 11 seconds 
(Findlayson-Pitts and Pitts 1986, p 526). This reaction 
is a titration reaction, where the amount of NO2  formed 
equals the amount of 03  lost. Thus the concentration of 
NO2  formed via ozone oxidation can never exceed the 
concentration of ozone in ambient air. For example if 
there is 35 ppbv of 03  in the ambient air then no matter 
how much NO is injected into this air no more than 35 
ppbv of NO2  can be formed from the oxidation of NO by O, 
similarly for other 03  concentrations. 

The only ozone measurements available in the Perth 
airshed indicate concentrations of 3 to 27 ppbv (Ms K 
Clarke, School of Environmental Science, Murdoch 
University, quoted by Bowman Bishaw Gorbman). Other 
Australian data that are used here come from the Latrobe 
Valley Victoria, showing a 99.5 percentile value in rural 
air of 50 ppbv and from Cape Grim Tasmania, showing a 
99.99 percentile in oceanic air of less than 40 ppbv 
ozone (Galbally et al 1986). 

The conversion of NO to NO2  by hydroperoxy, HO2, and 
alkylperoxy, R02, radicals in the atmosphere. The 
oxidation of NO to NO2  by HO2  and R02  radicals is not 
limited by the initial concentrations of these radicals 
because HO2  and RO2  can be regenerated by other reactions 
in photochemical smog including some involving CO. Each 
initial molecule of H02  or of RO2  oxidises several NO 



molecules to NO2. The rates and lifetimes of NO with 
respect to these reactions are 60 s and 44 s respectively 
under moderate to heavy polluted conditions as listed in 
Table 8.3 on p 526 of Findlayson-Pitts and Pitts (1986). 
These reactions lead to an extensive conversion of NO to 
NO2 followed by production of 03. In this case the rate 
of conversion of NO to NO2 must be calculated by a model 
of photochemical reaction processes as is presented later 
in this report. 

The limits placed on the conversion of NO to NO2 by 
the photodissociation of NO2 back to NO by sunlight. The 
photolysis of NO2 by sunlight of wavelength less than 430 
nnileads to a rapid equilibrium between NO, NO2 and 03 in 
the atmosphere with the equilibrum constant of this 
relationship, called the Leighton relationship, dependant 
on environmental conditions, latitude, season, solar 
zenith angle and degree of cloud and dust cover. The 
steady state observed in the atmosphere between NO, NO3 
and 03 is not numerically equal to that predicted by the 
Leighton relationship (Parrish et.al  1986). observations 
indicate that there are other species as well as 03 that 
convert NO to NO2. These other species are believed to be 
H02 and R02 radicals discussed previously. At NO~ 
concentrations of 3 to 4 ppbv, the observations indicate, 
that the other species have a reactivity in converting NO 
to NO2 equivalent to 50 ppb of 03 (Parrish et al. 1986). 
The photodissociation of NO2 to NO, and the reforming of 
03, causes the amount of NO2 formed during the daytime 
from 03 oxidation to be less than the ambient 03 
concentration. 

The other reaction considered here is one that removes 
NO2 from the photochemical cycle. Hydroxyl radicals, OH,, 
react with NO2 forming nitric acid, HNO3. This HNO3 is 
chemically inert in the lower atmosphere until it is 
-deposited on surfaces of aerosol or soil where it can, 
react with any gasespresent. Under either clean air or 
moderately polluted conditions the lifetime of NO2 with 
respect to its conversion to HNO3 is 5 to 6 hours 
(Finalyson-Pitts and Pitts 1986, Galbally and Gillett 
1988). 

1.2 Other Australian Studies 

There have been several studies of the oxidation of 
NO to NO2 in power station plumes in Australia. Bofinger 
et.al  (1978) present both observations of NO to 
NO2 conversion from the Tarong and Gladstone Power 
Stations in Queensland and a simple model of plume 
dilution and ozone chemistry to explain the observations. 
In the near field, within 25 km of the source where 
concentrated plume strikes are most likely, the highest 
observed fraction of NO2 in NO was 0.6 and this was 
during daytime unstable conditions. Lower conversion 
rates were found at night. In a separate study of 03 and 
NO, in Queensland, Stumer and Verrall (1990) show that 
that the NO2 levels in surface air downwind of Gladstone 
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peak at around 40 ppbv for NO,. levels up to 450 ppbv when 
ambient 03  levels were generally below 40 ppbv with 
occasional excursions to 50 ppbv. A study of 13 plume 
strikes in the Latrobe Valley, Victoria (Ahmet 1986) 
showed similar upper limits of 10 to 43 ppbv NO2  with 22 
to 70 ppbv NO,., when the ambient ozone levels were 
generally below 30 ppbv. Unfortunately ozone was not 
measured on the one day that the NO2  reached 43 ppbv. The 
Australian data generally supports the proposition of the 
maximum NO2  concentration being limited by the ambient 03  
concentration. 

The study of Newport Power Station in the Melbourne 
Airshed Study centred on the possiblity of the NO., from 
the power station promoting the photochemical production 
of 03. The NO in the plume would be converted to NO2  
before such 03  production occurs. Unfortunately the 
published modelling studies of Newport (Hess 1989 a, b) 
do not include data on NO to NO2  conversion rates. 

2 MODELLING 

2.1 Description 

A 1 dimensional model is applied to the calculation 
of NO to NO2  conversion in an air parcel. The 1 
dimensional model represents a vertical line through the 
plume that is being advected downwind by the wind. 
Vertical diffusion in the model brings the plume 
to the ground whilst photochemical processes convert the 
NO to NO2. 

The model is based on the one-dimensional diffusion 
equation for a set of chemically reacting species (Hov 
1983, Cope et al. 1988). The model requires specification 
of the rates of vertical diffusion chemical- reaction, 
surface destruction and emission of primary species. In 
addition, initial contaminant concentrations must be 
specified throughout the model domain. 

Within the model, as used here, the reaction of 29 
species via 72 chemical reactions are considered using an 
extended Carbon Bond IV (CBM IV) chemistry mechanism 
(Cope, et al. 1988). The CBM IV mechanism considers 
inorganic, rate-limited organic and photolytic reactions. 

The vertical diffusivities are prescribed for 
stable, neutral and unstable conditions using the 
formulation of McRae et al. (1982) and Hess (1989a). 

Running the models requires the numerical solution 
of 29 non-linear coupled partial differential equations 
over a one dimensional domain. The one-dimensional 
equation is solved for a column containing 13 cells 
varying in height from 4m at the surface to 200m near the 
top of the column (2km). The equations are split and 
solved separately for the processes vertical diffusion 
and chemical reaction (EPA 1985). 

3 



2.2 Sources of Input Data 

The meteorological data used in this study were derived 
by P.C. Manins during the main plume study. The 
conditions used were derived from the set of worst cases 
as found in that study. The conditions are presented in 
Table 1. Calculations are for clear sky conditions on the 
1st of January either between 10 am and noon or from noon 
to 2 pm. 

Table 1 Met data 

Friction velocity (m/s) 0.26, 
Monin-ObukhOv length (m) -5, 
Mixing height (m) 350 
Surface Temperature (K) 303 
Temperature at 2 km (K) 288 
Surface Humidity (ppm) 15000 
Humidity at 2 km (ppm) 5000 

The only ozone measurements available f or the Perth 
airshed indicate concentrations of 3 to 27 ppbv (Ms K 
Clarke,School of Environmental Science, Murdoch 
University, quoted by Bowman Bishaw Gorhman). Other 
Australian data that are used here come from the Latrobe 
Valley Victoria, showing a 99.5 percentile value in rural 
air of 50 ppbv and from Cape Grim Tasmania, showing a 
99.9 percentile in oceanic air of 35 ppbv ozone (Galbally 
et al 1986). 

Background NOx and CO levels are drawn from observations 
at Cape Grim Tasmania and Griffith, NSW (Weeks et al 
1989, Galbally et al 1987). Isoprene levels in Rural Air 
are besed on data -from-the-Latrobe Valley (Galballyet al 
1988) and on unpublished data of the authors from 
Lysterfield Park near Melbourne. Anthropogenic 
hydrocarbon mixtures are based on observations in the 
Latrobe Valley Victoria (Galbally et al 1988, Weeks et al 
1988) and on unpublished data of the authors from Pt Cook 
near Melbourne. Aldehyde concentrations are derived from 
the Latrobe Valley (Carnovale and Ramsdale 1988). 

The case of a mixture representing diluted Perth air was 
based on the average NO and NO. levels observed at the 
Wattleup A.Q.M.S. WA and a hydrocarbon mixture 
appropriate to these. NO, levels based on the Victorian 
studies cited above. 	- 



2.2 Model Runs 

Below are presented input files for the chosen 
composition of the model run and the corresponding output 
graphs for downwind ground level concentrations of NO2 
and NOx calculated by the model. 

2.2.1 Diluted Perth Air 

Two runs were done with identical inputs except that the 
starting time was varied. In one case it was 10 am and 
the other 12 noon. The runs were designated 009 and 010. 

Initial concn and met data input Run 009 
# NOx emissions 20% NO2 

* Initial concentrations represent diluted Perth urban 
mixture, except for level 6 (mid-level = 284m) which has 
elevated levels of NO, NO2 and CO due to plume. 03 
background = 0.040 ppm. 	 - 

* At all levels above the mixing height (ie levels 7 and 
above) primary hydrocarbons and NO are set initially to 
0, and NO2 to 0.001 ppm. 

#--- Initial concns at each level. Units ppbv ------

Level mid point heights are in ascending order (m): 

2 9 24 59 134 284 484 684 884 1084 1349 1679 2009 

* NO concn 
0.0065 0.0065 0.0065 0.0065 0.0065 0.2705 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 

* NO2 concn 
0.008 0.008 0.008 0.008 0.008 0.074 0.001 0.001 0.001 
0.001 0.001 0.001 0.001 

* 03 concn 
0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
0.040 0.040 0.040 0.040 

* CO concn 
0.220 0.220 0.220 0.220 0.220 0.255 0.060 0.060 0.060 
0.060 0.060 0.060 0.060 

* HCHO concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* RCHO concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* ETHYLENE concn 
0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 

5.  



OLEFIN concn 
0.0007 0.0007 0.0007 0.00070.0007 0.0007 0.000 0.000 
0.000 0.000 0.000 0.000 0.000. 

* PARAFFIN concn 
0.0558 0.0558 0.0558 0.0558 0.0558 0.0558 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 

* TOLUENE concn 
0.0057 0.0057 0.0057 0.0057 0.0057 0.0057 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 

* XYLENE concn 
0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 

* ISOPRENE concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

End of File 

N. 



2.2.2 Rural Air 

Initial concn and met data input file Run 005 
# NOx emissions 20% NO2 

# Initial concentrations represent background rural air 
except for level 6 (mid-level = 284m) which has elevated 
levels of NO, NO2 and CO due to plume. 03 background = 
0.050 ppm. 

# At all levels above the mixing height (ie levels 7 and 
above) primary hydrocarbons and NO are set initially to 
0, and NO2 to 0.001 ppm. 

Initial concns at each level Units ppbv ---------

Level mid point heights are in ascending order (m): 

2 9 24 59 134 284 484 684 884 1084 1349 1679 2009 

# NO concn 
0.002 0.002 0.002 0.002 0.002 0.266 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# NO2 concn 
0.003 0.003 0.003 0.003 0.003 0.069 0.001 0.001 0.001 
0.001 0.001 0.001 0.001 

# 03 concn 
0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
0.050 0.050 0.050 0.050 

# CO concn 
0.060 0.060 0.060 0.060 0.060 0.095 0.060 0.060 0.060 
0.060 0.060 0.060 0.060 

# HCHO concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# RCHO concn 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# ETHYLENE concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# OLEFIN concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# PARAFFIN concn 
0.010 0.010 0.010 0.010 0.010 0.010 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
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Figure 1. 

Model calculations of downwind ground level concentrations of NO2  
and NO,, ma mixture representing diluted Pertha-ir.. (a) 
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# TOLUENE concn 
0.005 0.005 0.005 0.005 0.005 0.005 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# XYLENE concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# ISOPRENE concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

End of File 

Initial concn and met data input Run 006 
# NOx emissions 100% NO 

# Initial concentrations represent background, except for 
level 6 (mid-level = 284m) which has elevated levels of 
NO and CO due to plume. 03 background = 0.050 ppm. 

# At all levels above the mixing height (ie levels 7 and 
above) primary hydrocarbons and NO are set initially to 
0, and NO2 to 0.001 ppm. 

Initial concns at each level. Units ppbv 

Level mid point heights are in ascending order (m): 

2 9 24 59 134 284 484 684 884 1084 1349 1679 2009 

4t 	NO concn 
0.002 0.002 0.002 0.002 	0.002 	0.332 	0.000 	0.000 	0.000 
0.000 0.000 0.000 0.000 

# NO2 concn 
0.003 0.003 0.003 0.003 	0.003 	0.003 	0.001 	0.001 	0.001 
0.001 0.001 0.001 0.001 

03 concn 
0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
0.050 0.050 0.050 0.050 

CO concn 
0.060 0.060 0.060 0.060 0.060 0.095 0.060 0.060 .0.060 
0.060 0.060 0.060 0.060 

# HCHO concn 
0.002 0.002 0.002 0.002 0.00.2 0.002 0.0.00 0.000 0.000 
0.000 0.000 0.000 0.000 

# RCHO concn 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 



# ETHYLENE concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# OLEFIN concn 
0.001 0.001 0.001 0.001 0.001.0.001.10.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* PARAFFIN concn 
0.010 0.010 0.010 0.010 0.010 0.010 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* TOLUENE concn 
0.005 0.005 0.005 0.005 0.005 0.005 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* XYLENE concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* ISOPRENE concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

End of File 
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Model calculations of downwind groupdevel concentrations of NO2  
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2.2.3 Oceanic Air Advected over Land 

# Initial concn and met data input Run 008 
# NOx emissions 100% NO2 

# Initial concentrations represent background-,-except for 
level 6 (mid-level = 284m) which has elevated levels of 
NO, NO2 and CO due to plunie. 03 background = 0.035 ppm. 

# At all levels above the mixing height (ie levels 7 and 
above) primary hydrocarbons and NO are set initially to 
0, and NO2 to 0.001 ppm. 

Initial concns at each level. Units ppbv 

Level mid point heights are in ascending order (m): 

2 9 24 59 134 284 484 684 884 1084 1349 1679 2009 

# NO concn 
0.002 0.002 0.002 0.002 0.002 0.332 0.0000.000 0.000 
0.000 0.000 0.000 0.000 

% NO2 concn 
0.003 0.003 0.003 0.003 0.003 0.003 0.001 0.001 0.001 
0.001 0.001 0.001 0.001 

# 03 concn 
0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 
0.035 0.035 0.035 0.035 

# CO concn 
0.060 0.060 0.060 0.060 0.060 0.095 0.060 0.060 0.060 
0.060 0.060 0.060 0.060 

HCHO concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

% RCHO concn 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# ETHYLENE concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# OLEFIN concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# PARAFFIN concn 
0.010 0.010 0.010 0.010 0.010 o.c10.0000 0.000 0.000 
0.000 0.000 0.000 0.000 

# TOLUENE concn 
0.005 0.005 0.005 0.005 0.005 0.005 0.000 0.000 0.000 
0.000 0.000- 0.000 0.000 

/0 



* KYLENE concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# ISOPRENE concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

End of File 

* Initial concn and met data input Run 007 
* NOx emissions 20% NO2 

* Initial concentrations represent background, except for 
level 6 (mid-level = 284m) which has elevated levels of 
NO, NO2 and CO due to plume. 03 background = 0.035 ppm. 

% At all levels above the mixing height (ie levels 7 and 
above) primary hydrocarbons and NO are set initially to 
0, and NO2 to 0.001 ppm. 

#--- Initial concns at each level. Units ppbv --------

Level mid point heights are in ascending order (m): 

2 9 24 59 134 284 484 684 884 1084 1349 1679 2009 

* NO concn 
0.002 0.002 0.002 0.002 0.002 0.266 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* NO2 concn 
0.003 0.003 0.003 0.003 0.003 0.069 0.001 0.001 0.001 
0.001 0.001 0.001 0.001 

# 03 concn 
0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 
0.035 0.035 0.035 0.035 

* CO concn 
0.060 0.060 0.060 0.060 0.060 0.095 0.060 0.060 0.060 
0.060 0.060 0.060 0.060 

# HCHO concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* RCHO concn 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

* ETHYLENE concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 



W OLEFIN concn 
0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# PARAFFIN concn 
0.010 0.010 0.010 0.010 0.010 0.010 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# TOLUENE concn 
0.005 0.005 0.005 0.005 0.005 0.005 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# XYLENE concn 
0.901 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

# ISOPRENE concn 
0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

End of File 
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Figure 3. 

Model calculations of downwind groi-leve1 concentrations of NO2  
and NO,, in a mixture representing rL air. (a) Emissions purely 
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3 CONCLUSIONS 

The conclusions evident from the data in Figures 1 to 3 
are: 

there is no time of day effect between the pre noon 
and post noon runs, compare Figure 1(a) and 1(b); 

the formulation of NO2  to NO, ratio presented in the 
main report (Equation 5) is consistent with the output in 
Figure 1; 

when the emissions are 100% NO, the maximum NO2  
level changes with changing ozone levels, compare Figure 
2(a) and 3(a); 

there is some enhancement of the maximum NO2  levels, 
above that purely from ozone titration, reached in Rural 
Air with a natural reactive hydrocarbon (isoprene) 
present, see Figure 2(a). The maximum NO2  concentration 
is around 60 ppbv when only 50 ppbv of ozone was present, 
and 

the fraction of NO2  in the stack emissions 
contributes significantly to the calculated ground level 
concentrations of NO2, compare Figures 2(a) and 3(a) with 
Figures 2(b) and 3(b). 
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1.0 INTRODUCTION 

This appendix describes investigations that have been conducted to determine 

the effect that NOx  emissions from the Pinjar Gas Turbine Power Station may 

have upon the potential for photochemical smog formation within the Perth 

metropolitan region airshed. The report includes a description of the following: 

the formation of photochemical oxidants 

the effects of power station emissions on the formation of 

photochemical smog 

the Integrated Empirical Rate (IER) model for the prediction of oxidant 

formation 

a case example of the application of the IER model for Auckland 

projected hydrocarbon and NOx  emissions for Perth 

Based on atmospheric emission data developed within the document and by 

application of the IER model, the likely effect of NO emissions from the power 

station on photochemical smog formation potential is predicted. 

Cl 

Ed 
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20 THE FORMATION OF PHOTOCHEMICAL OXIDANTS'' 

Photochemical smog is the term applied to the formation of chemical oxidants 

such as ozone peroxyacetylnitrate (PAN) and others in the atmosphere under 

suitable conditions. These oxidants may react with particles or vapour to give a 

characteristic light brown haze in the atmosphere. 

The formation of photochemical smog requires nitric oxide (NO), nitrogen 

dioxide (NO2), and reactive hydrocarbon compounds to be present in the 

atmosphere. Collectively these gases are called precursors. Photochemical 

smog formation also requires ultraviolet radiation from the sun, which provides 

a source of energy to drive the reactions. 

In the absence of reactive hydrocarbons the relevant reactions are: 

NO2 + light (wavelength ::~, 420mm) -+ NO+ 0 	 (1) 

0+02+M-*03+M 	 (2) 

(where M is a molecule in the atmosphere). 

NO + 03-3 NO2 + 02 
	

(3) 

The result is a balance (or "photostationary state") between the production and 

destruction of ozone, for which the concentration of ozone is given by: 

[03] = (k1/k3) [NO2]I[NO]) 	 . 	 (4) 

where k1 and k3 are the rate constants for reactions (1) and (3) respectively. 

Most of the oxides of nitrogen (NOr) emitted into the atmosphere are in the form 

of NO. For typical combustion emissionsthe NO/NOR-ratio is approximately 

0.9. The consequence of this chemical ratio, and of the values of the rate. 

equation constants in Equation (4), is that there is little build up of ozone in an. 

atmosphere containing only NO and NO2 pollutants. 	 . 

However, if an alternative pathway is avàilable'which leads to the oxidation of 

NO to NO2 without destroying ozone in the process, then a significant 

production of ozone is possible through Reaction(2). Reactive hydrocarbons, 

often also called volatile organic compounds (V0C) or non-methane 

Bowman Bishaw Gorham 	 . 	 .. 
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Most of the oxides of nitrogen (NOr) emitted into the atmosphere are in the form 

of NO. For typical combustion emissions the NO/NOR  ratio is approximately 

0.9. The consequence of this chemical ratio, and of the values of the rate 

equation constants in Equation (4), is that there is little build up of ozone in an 

atmosphere containing only NO and NO2 pollutants. 

However, if an alternative pathway is available which leads to the oxidation of 

NO to NO2  without destroying ozone in the process, then a significant 

production of ozone is possible through Reaction (2). Reactive hydrocarbons, 

often also called volatile organic compounds (VOC) or non-methane 
hydrocarbons (NMHC), can be photo-dissassociated to form chemical species 

know as reactive radicals, which are able to oxidise NO. Therefore the 

presence of NOx  and VOC in the morning of a sunny day can lead to high 

concentrations of ozone as the day progresses. Summer days have higher 

potential for ozone build up as the radiant energy from the sun is more intense. 

During the course of smog production, some of the reactive radicals formed 

from the VOC are consumed in side reactions that remove NOx  and do not 

produce oxidants, making NO unavailable for reaction (1). Eventually a stage 

may be reached (called a "NOr-limited" situation) where photochemical ozone 

production ceases due to this "mopping-up" of NO. However, in many cases 

this limit is never reached since the sun goes down, cutting off the solar UV 

radiation needed for the photochemical reactions, before NO becomes limiting. 

In summary, when sunlight irradiates air containing smog precursors, the smog 

forming process commences, beginning with the oxidation of nitric oxide. After 

some time, the bulk of the nitric oxide is consumed and ozone generation 

commences. Given continued sunlight, ozone generation persists until 

eventually the supply of key reactants is exhausted and further ozone 

production ceases. The sequential nature of this process is attributable to the 

chemistry of the nitrogen oxides, two aspects of which are somewhat 

paradoxical: 

Nitric oxide and ozone react together rapidly and therefore tend not to 

coexist. 

Traces of nitric oxide are essential to continued smog production. If 

these traces run out, the reaction becomes NOx  limited. 

Bowman Bishaw Gorham 
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3.0 EFFECTS OF POWER STATION EMISSIONS 

Emissions from gas fired power stations contain relatively large amounts of 

NO (mainly in the form of NO) but have a relatively small hydrocarbon content. 

Therefore, because nitric oxide and ozone tend not to coexist, the ozone 

concentration in plumes from a power station is generally significantly below 

that of the surrounding atmosphere, for several kilometres downwind (Abel et. 

aL, 1984). 

If the plume disperses into a part of the atmosphere containing significant 

amounts of hydrocarbons, conditions may exist further downwind where ozone 

levels exceed those of an ambient air. Precurser concentrations and 

availability of sunlight must all be within certain ranges for this to occur. 

The complexity of the photo-chemical smog formation process necessitates the 

use of a model to enable the potential consequences of gas turbine emissions 

at Pinjar to be evaluated. The Integrated Empircal Rate Model, developed by 

Johnson (1983, 1984) has been utilized for this purpose, and is described in 

the following section. 

Bowman Bishaw Gorham 
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4.0 INTEGRATED EMPIRICAL RATE (IER) MODEL FOR OXIDANT 

FORMATION 

The Integrated Empirical Rate (IER) Model developed and described by 

Johnson (1983,1984) of CSIRO's Division of Coal Technology allows the 

effects of increased hydrocarbon and NOx  emissions within an airshed upon 

photochemical smog formation to be evaluated. Accordingly, the IER model 

has been applied to the assessment of the effects of NOx  emissions to the 

Perth airshed resulting from the Pinjar gas turbines. 

The IER model has been previously utilised in environmental impact 

assessment for a proposed gas fired power station in Auckland, New Zealand 

and a Øroposed glass-works in Sydney, Australia. In both instances, the IER 

model demonstrated that NOx  emissions from these industrial developments 

would not promote photochemical pollution, and each project was 

subsequently approved by the relevant Government authorities. 

The IER model is based upon extensive studies conducted by CSIRO of 

processes which cause smog formation at concentrations of pollutants similar 

to those prevailing in ordinary city air. The model incorporates the recognized 

and agreed concept that the formation of photochemical oxidants in urban 

atmospheres is dependant upon the presence and, relative proportions of 

precursor gases (nitric oxide, nitrous oxide and reactive hydrocarbons) and the 

amount of ultraviolet radiation that can be supplied by the sun. 

The IER model comprises a series of algebraic expressions. These equations 

relate the formation of primary smog product (PSP) to: 

(i) 	concentration and reactivity of hydrocarbon precursors, 

atmospheric temperature, and 

(iii) 	the total amount of ultra violet radiation that is supplied within the time 

period for analysis. 

PSP is defined as the sum of the amount of NO consumed by oxidation plus 

the amount of ozone produced. A further equation, which depends only on the 

concentration of NOx  precursor predicts the total amount of PSP which can be 

produced before the NOx  limited regime is reached. 

Bowman Bishaw Gorham 
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Wratt et. al.(1990) have used the IER model to calculate the light intensity 

needed to reach the NOx  limited state under various conditions, and to produce 

the nomogram presented as Figure Cl. The nomogram allows ready 

assessment of the potential for increased hydrocarbon emissions or NO 

emissions to increase PSP and ozone levels within an airshed, following the 

definition of several other model input parameters. These are described as 

follows: 

Cumulative Sunlight 

The x axis of the nomogram is denoted as cumulative sunlight. This is an 

effective sum of available radiation for the photolysis of nitrogen dioxide 

(equation 1) and is dependant upon incoming solar ultraviolet light intensity 

and on the solar zenith angle (Johnson 1984). 

Hydrocarbon to NOx  Ratio 

The y axis denotes the hydrocarbon to NOx  ratio of an airshed and is 

expressed in terms of moles of carbon to moles of nitrogen. A factor needs to 

be applied to the molecular weight of hydrocarbons and NOx  present in the 

airshed to provide a ratio in terms of moles C: moles N. For this study a factor 

of 3.36 after Wratt et. al. (1990) was used. 

NOx  Limited Boundary 

Within the nomogram, the seriesoflines which traverse the page from left to 

right indicate the boundary between the light limited regime of oxidant 

formation and the NOx  limited regime, for varying temperatures of the 

atmospheric mixing layer of the airshed under examination. 

The region to the left of the boundary line is the light limited: regime. In this 

regime the production rate of PSP is. control!ed by the sunlightintensity and the 

concentration of reactive hydrocarbons in the atmosphere, and is not changed 

by the addition of NOR. The effect of adding more NOx  within. the light limited 

regime would be to reduce the ozone concentration because the NO fraction of 

the NOwill "mop-up" some of the photochemically produced ozone. 
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The region to the right of a boundary line is the NO limited regime. The effect 

of adding more NOx  within the NOx  limited regime would be an increase in 

PSP and ozone production. 

Bowman Bishaw Gorham 
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5.0 THE INSTALLATION OF A GAS FIRED POWER STATION 

AUCKLAND: A CASE EXAMPLE 

The application of the nomogram can be demonstrated by considering a recent 

case example were the lEA model and nomogram was used to assess the 

potential effect of a proposed gas fired power station upon photochemical 

smog formation in Auckland, New Zealand (New Zealand Meteorological 

Service, 1989). 

The dashed line on Figure Cl represents the HC:NOx  ratio of the Auckland 

airshed which was measured to be 5.6. It was assumed, as a worst possible 

condition that all of the precursors emitted to the Auckland atmosphere were 

released before dawn. For this HC:NOx  ratio, and an average temperature of 

20 degrees celsius for the mixed layer of the atmosphere, it was determined 

from the nomogram that 350 units of cumulative sunlight were required to 

reach the boundary. The total cumulative sunlight for the whole day of the 

summer solstice in Auckland is 305 units. Therefore from the nomogram it was 

predicted that for an atmospheric mixed layer of 20 degrees celsius and a 

HC:NOx  ratio of 5.6 due to existing precursor emissions, the addition of NO 

from the proposed power station would not increase photochemical smog 

concentrations in Auckland. 
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6.0 A PREDICTION OF THE EFFECT OF THE PROPOSED 
PINJAR POWER STATION UPON PHOTOCHEMICAL SMOG 

FORMATION 

Projected HC:NO ratios for the Perth airshed were calculated for the years 

1990 and 2000 by compiling an air emissions-inventory forihe Perth Airshed. 

The air emissions inventory (described in Section 7.0), enables the projection 

that the Perth Airshed will have HC:NOx  ratios of 1.4 and 1.5 for the years 1990 

and 2000 respectively. Conversion of these values to molar ratios by applying 

a molar conversion factor of 3.36 (see Section 4) gives C:N.ratios of 4.7 and 

5.0 for 1990 and 2000 respectively. These ratios are plotted as broken lines on 

the nomogram presented as Figure C2. 

Cumulative light flux time-profiles for Perth on selected days are plotted 

beneath the x-axis of the nomogram. These have been adapted from time 

prof iles recorded on selected clear sky days in Sydney(Johnson, 1984) by 

adjustment to Western Standard Time and are expected to accurately correlate 

to actual cumulative sunlight time profiles for Perth (pers. comm. G. Johnson, 

CSIRO Division of Coal Technology, North Ryde., 1990). 

-By application of 

the parameters noted above and, 

a conservatively high atmospheric mixing layer temperature of 25 °C 

The nomogram indicates that for the 1990 C:N ratio, photochemical smog 

formation would always be within the light limited regime even during clear sky 

summer day conditions. However, for the C:N ratio of 5.0 projected for the year 

2000, the nomogram indicates that the atmosphere may reach a NOx  limited 

state after receiving 300 units of cumulative sunlight. 
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To assess whether sufficient sunlight may be available to act incombinat'ion 

with NOx  emissions from the Pinjar Power Station to promote the formation of 

photochemical smog, the parameter "cumulative sunlight" was calculated for 

Perth using the following equations: 	 - 

cumulative sunlight = f k .dt  

k1  = photolysis rate coefficient (mm -1) 

Photolysis rate coefficients were calculated using the following corrected 

equations of Schere and Demerjian (1978) from Wratt et. aL (1990). 

k1  = (4.23x10 4  + (1.09x10-4/cos X)) A 	 00<X<470 	(6) 

k1  = (5.82x10-4) R 	 -- 	 470<X<640  

= (-0.997x10-4  + 1 .20x10-3  (1-cosX)) A 	640X<900  

where: 

A = total solar radiation (W/m2) 

X = solar zenith angle 

Input data utilized to calculate photolysis rate coefficients and cumulative 

sunlight time profiles included the following: 

Average half hour solar radiation intensity data collected at -Pinjar 

Meteorological Station by SECWA during summer months (within the 

	

period 9 December 1987 to 28 January 1988) representing the 	- 

seasonal period with greatest daily cumulative sunlight. 

Summer solstice solar zenith angles for Perth provided by the Perth 

-Observatory. 

Analysis of the above data found that 300 units of cumulative sunlight had not 

been exceeded on any day within the solar radiation data collection .period. 

The highest cumulative sunlight value obtained by analysis was 292.5 units. 

This occurred on 15 January 1988. 

Figure -C3 presents summer solstice solar zenith angles for -Perth and solar 

radiation intensities recorded at Pinjar on 15 January 1988. Figure C4 
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diagrammatically presents photolysis rate coefficients and cumulative sunlight 

profiles calculated for 15 January 1988. 

On the basis of this analysis the potential for cumulative sunlight for one day to 

reach 300 units is shown to be low, and such days would occur infrequently if 

at all. 

Therefore it may be concluded that, within the regime of NOR : hydrocarbon 

emission ratio's predicted in Section 7 for the next ten years, NOx  emissions 

from the Pinjar Power Station would influence the formation of photochemical 

smog. 

It is relevant to note that currently available measurements of ozone 

concentrations for the Perth airshed conducted by Murdoch University indicate 

maximum 1 hour average concentrations in the range 3ppb to 27ppb (parts per 

billion) (Ms K. Clarke, School of Environmental Science, Murdoch University, 

pers. comm. 1990). These are lower by a minimum factor of two compared to 

World Health Organisation (WHO) recommended long-term goal for ozone 

concentrations of 60ppb for a maximum one hour average. 
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7.0 PROJECTION OF HYDROCARBON AND NOEMlSSIONS 
FOR THE PERTH AIRSHED 

7.1 Air Emissions Inventory 

An air emissions inventory for the Australian capital cities during 1985 has 

been compiled by the Australian Environment Council (AEC, 1988). The 

inventory divides sources of air emissions into six major groups. These are: 

motor vehicles 

other mobile sources 

waste combustion 

fuel combustion 

petroleum/solvent 

others. 

The inventory conducted herein adopts the same format. Estimates presented 

within the AEC's 1985 air emissions inventory have been utilised as base 

figures for emission projections from all of the groups above except for fuel 

combustion. 

Table 1 summarizes NOx  and hydrocarbon emissions projected herein for 

1990 and 2000,. and provides Perth emissions estimated for 1985 by the 

Australian Environment Council. (AEC, 1988). 	. 
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Table Cl 

Perth airshed hydrocarbon and NOx  emissions estimated for 1985 

and projected for 1990 and 2000 

Source 

1985 	1990 	2000 

HC NOx  HC NOx  HC NO 

33.12 23.40 42.44 29.74 59.22 41.70 

2.13 1.90 2.30 2.10 2.80 2.50 

0.90 0.04 n.c n.c n.c n.c 

neg 	3.92 	0.16 	14.81 	0.17 	14.41 

neg 	1.35 	0.13 	6.83 	0.15 	7.45 

6.68 	0.58 	7.30 	0.63 	8.60 	0.76 

	

6.68 5.85 	7.59 22.27 8.92 22.62 

4.39 1.79 	4.80 2.10 	5.70 	2.60 

2.03 - 	2.60 - 	3.40 	- 

4.14 - 	5.28 - 	7.46 	- 

10.26 - 	11.40 - 	13.30 	- 

20.82 1.79 	24.08 2.10 	29.86 	2.60 

2.30 - neg - neg - 

1.72 0.02 1.90 0.02 2.36 0.02 

0.78 0.22 n.c n.c n.c n.c 

- - n.c n.c n.c n.c 

4.80 0.24 1.90 0.02 2.36 0.02 

68.45 33.22 78.31 56.23 103.16 69.44 

Motor Vehicles 

Other Mobile 

Waste Combustion 

Fuel Combustion 

Kwinana Power Station 

Domestic/Commercial Gas 

Domestic/Commercial Liquid 

& Solid 

Sub-Total 

Petroleum/So I vent 

Petroleum Refinery 

Bulk Storage 

Distribution 

Solvents 

Sub-Total 

Others 

Gas Leaks 

Utilities 

Fires 

Industry 

Sub-Total 

TOTAL 

Notes: AEC (1988) presents a miscalculated total of 35.00 kt for Perth 1985 

NOx  emissions. The total presented is the correct summation of the listed 

subtotals. 

n.c = not considered 

neg = negligible 
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Motor Vehicles 

The AEC (1988) estimated that in 1985 motor vehicles including cars, trucks, 

buses and motorcycles, contributed 33.12 kt of hydrocarbons and 23.40 kt of 

NOx  to the Perth Airshed. Projected emissions for 1990 and 2000 were 

estimated by application of growth factors for population, car ownership and 

car travel distances forecasted for Perth by the (then) State Planning 

Commission and the Australian Bureau of Statistics (SPC, 1987). The forecast 

levels of population, car ownership, travel distance and corresponding 

hydrocarbon and NOx  emissions for 1990 and 2000, in comparison to 1985 

data are presented in Table C2. The same growth factors have been applied 

to truck, bus and motorcycle emissions and are incorporated into the overall 

estimate for motor vehicles. 

Other Mobile 

The group 'other mobile' includes aircraft, railway engines, marine vessels and 

off-road vehicles. The AEC (1988) estimated that emissions from this group 

contributed 2.13 kt of hydrocarbons and 1.9kt of NOx  to the Perth Airshed in 

1985. For the 1990 and 2000 projections it has been assumed that emissions 

from these sources would increase at an equivalent rate to population growth. 

Therefore, assuming population growth factors relative to 1985 of 1.1. and 1.3 

for 1990 and 2000 respectively, hydrocarbon emissions are estimated to be 

2.3kt for 1990 and 2.8 kt for 2000. Similarly, estimated NOx  emissions for 1990 

and- 2000 would be 2.1 kt and 2.5 kt respectively.. 

Waste Combustion 

The AEC (1988) reported for 1985 that waste combustion for Perth represented 

only 1% of total hydrocarbon emissions, and a negligible proportion of NO 

emissions. Therefore, this group has been omitted from this inventory. 

Fuel Combustion 

Projections of natural gas consumption within the Perth Airshed were provided 

by SECWA. Domestic and commercial consumption of liquid and solid fuels 

was estimated for 1990 and 2000 by applying population growth factors to 

Bowman Bishaw Gorham 
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base figures presented in AEC (1988). Emissions from fuel combustion were 

estimated by applying reported emission factors for the types of fuels 

combusted (AEC, 1988), to estimated consumption totals for each fuel. 

Table C2 

Growth of Population, % Car Ownership & Travel Distance 

Growth Factors and Emissions 1985 1990 2000 

Population (000's) 1,000 1,100 1,304 

Car ownership 0.46 0.51 0.59 

(% of population) 

Increase in total travel 

distance relative to 1985 (000's km)* 0 825 2,475 

Emissions growth factor 

relative to 1985 0 1.28 1.60 

Estimated emissions 

Hydrocarbons (kt) 33.12 42.44 59.22 

NO(kt) 23.40 29.74 41.70 

* 	Estimated on the basis of an annual average increase in travel distance 

to place of employment of 0.33 km/year which for 2 trips a day and 250 

working days equals 165 km/car/year. (Reference: SPC, 1987). 
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Table C3 provides a breakdown of projected 1990 and 2000 emissions within 

the Perth Airshed for Kwinana power station and domestic/industrial gas 

combustion. Estimated hydrocarbon emissions from commercial/domestic 

combustion of liquid and solid fuels for year 1990 and 2000 are 7.3 kilotonnes 

and 8.6 kilotonnes respectively, whilst corresponding NOx  emissions are 630 

tonnes and 760 tonnes. 

Table C3 

Emissions from Kwinana Power Station and Gas Combustion 

Source, Growth Factor and 

Emissions 

1990 

- 

HC 	NOx  

2000 

HC 	NO 

Kwinana Power Station 

Coal 

factor(kg/t) 0.15 11.22 0.15 11.22 

emission (t) 130.8 9784 160 11968 

Heavy oil 

factor (kg/t) 0.09 6.84 0.09 6.84 

emission (t) 0.6 45.76 2.5 192 

Distillate 

factor (kg/t) 0.09 6.84 0.09  

emission (t) 0.01 0.8 0.01 0.8 

Gas 

factorkg/106 m3) 23 4710 .23 4710 

emission (t) 24 4980 ii 2252 

Domestic/Commercial Gas 

factor (kg/i 06 m3) 23 4710 23 4710 

emission (t) 135 6826 146 7446 

TOTALS (t) 290 	. 21636 320 	. 21859 

Bowman Bishaw Gorham 



C21 

(iv) 	Petroleum/Solvent 

The AEC (1988) further divides the group petroleum/solvent into 4 sub-groups 

which are as follows: 

Petroleum refinery 

Bulk storage 

Distribution 

Solvents 

Petroleum Refinery 

The AEC (1988) estimated that in 1985 the BP Oil Refinery at Kwinana emitted 

4.4 kt hydrocarbons and 1.8 kt NO, In 1976 the AEC (1981) estimated for the 

oil refinery that emissions were 3.7 kt hydrocarbons and 1.4 kt NOR. Therefore 

over the past 9 years hydrocarbons emissions have increased at a rate of 2% 

per annum and NOx  emissions at a rate of 3% per annum. As there is no other 

effective indicator for future emissions from the refinery, these growth factors 

have been applied to project future emissions. Adopting this approach, it is 

estimated that for 1990 and 2000 respective annual hydrocarbon emission 

from the refinery will be 4.8 kt and 5.7 kt whilst NOx  emissions will be 2.1 kt and 

2.6 kt. These results are probably conservatively high. 

Bulk Storage 

Bulk storage emissions refer to hydrocarbon losses from storage tanks and are 

directly related to total petroleum storage capacity within an airshed. As no 

projections for increased storage capacity within Perth were available, it has 

been assumed that Perth's total storage capacity, (and therefore hydrocarbon 

emissions), would grow at a rate similar to emissions from motor vehicles. This 

assumes that storage capacity will respond to the increasing demand for motor 

vehicle fuel. Using the AEC (1988) estimated hydrocarbon emissions from 

bulk storage tanks estimates for 1985 of 2.0 kt, and applying factors derived in 

sub-section (i), it is projected that bulk storage tanks will emit 2.6 kt and 3.4 kt of 

hydrocarbons for the years 1990 and 2000 respectively. 

Bowman Bishaw Gorham 



022 

C. 	Distribution 

Sources of hydrocarbon losses resulting -from petroleum product distribution 

include (AEC, 1988): 

Loading of road and rail tankers, and marine vessels at storage 

terminals and refineries. Emissions occur as hydrocarbon vapour in 

the tanks is displaced by liquid during filling; 

Service station tank emissions. Emissions arise mainly during the 

filling of service station tanks, and also as tank breathing losses; 

Vehicle filling. Emissions occur due to displacement of vapour from the 

vehicle fuel tank, and from spillage; 

Fueling of aircraft. Emissions, arise from filling of storage tanks at 

airport terminals, and the filling of tankers and aircraft; 

LPG.. Emissions arise in the distribution of LPG, the use and filling of 

gas bottles for domestic, recreational and trade use, and in the fuelling 

of motor vehicles. 

Table C4 illustrates projected losses from each of these sources whereas the 

factors applied in developing projections are presented as footnotes. 	. 
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Table C4 

Petroleum Products Distribution Hydrocarbons Emissions 

Hydrocarbons 

Emissions (t) 1985 

Year 

1990 2000 

petroleum 1288 1649 2331 
loading* 

service stations** 2471 3163 4472 

aircraft* 46 51 59 

fuelling 

LPG** 330 422 597 

TOTAL 4137 5285 7459 

* 	assumed to be dependant upon fuel consumption by motor vehicles 

with emissions estimated to increase at the same rate as that applied to 

motor vehicles (see sub section i). 

** 	assumed to be dependant upon population and therefore the rate of 

increase applied is equivalent to the projected rates of population 

growth for the Perth metropolitan region airshed (SPC, 1987). 
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Solvents 

Hydrocarbon emissions result from the use of solvents by the -materials coating 

industries, aerosol and chemical manufacturing .and many other sources. 

Hydrocarbon emissions within the Perth Airshed from solvent use were 

estimated for 1985 (AEC, 1988) to.be..10.26 jct.., Themost simple and logical 

method of projecting emissions from solvent use for the years 1990 and 2000 

was to apply growth factors equivalent to projected population growth rates for 

the Perth airshed (SPC, 1987), to the AEC figure for 1985. Using population 

growth factors, hydrocarbon emissions to the Perth Airshed from solvent use 

are estimated to increase to 11.4 kt.in  1990 and 13.3kt in 2000. 

Others 

Other sources of hydrocarbon and NOx  emissions include leakage from gas 

reticulation systems; emissions from lawnmowers-f•ires and "other" industrial 

sources. Emissions from these sources are discussed as follows. 	- 

Gas Leakage 

SECWA have indicated that gas leakage within the Perth Airshed would be 

negligible. This is because Perth's gas reticulation systems are relatively new 

and would not have suffered deterioration,,which j,.s the main cause of gas 

leakage. It is also suggested that in-place maintenance procedures are likely 

to keep leakages to a minimum.  

Utility EnQines  

Lawnmowers represent the majority of emissions for utility engines, which also 

include chainsaws and portable generators. The AEC (1988) suggests that 

emissions from lawnmowers correlate to the number of dwellings within an 

airshed. Applying this assumption and utilising AEC (1988) emission figures 

for 1985 as a base estimate, emissions for 1990 and 2000. have been 

projected on the basis of forecasted Perth dwellings numbers made by the 

SPC (1987). Table C5 provides.detils.of forecasted, dwelling numbers for 

1990 and 2000 and corresponding.emissions. 
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Table C5 

Emissions from Lawnmowers 

Emissions 	 - 1985 1990 2000 

No. of dwellings (000's) 375 414 514 

hydrocarbons (t) 1 720 1897 2356 

NO (t) 22 24 30 

C. 	Fires 

The AEC (1988) indicates that fires contribute much less than 1% of annual 

hydrocarbon or NOx  emissions to the Perth Airshed. Therefore fire emissions 

have been omitted from this inventory. 

d. 	Other Industries 

The combined emissions from (other) industrial sources within the Perth 

Airshed represent less than 1% of hydrocarbons or NOx  emissions. Therefore 

industries such as cement works and fertiliser manufacturing plants which emit 

NOx  have been omitted from this inventory. 
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8.0 LOCALISED PHOTO.CHEMICAL EFFECTS . 

Projections of hydrocarbon and NOx  emissions for Perth used in the 

assessment of photochemical smog formation potential are based upon data 

presented in the Australian Environment Council's 1985..air.emission inventory 

for the Australian capitalcities (AEC, 1988). This document represents the best 

currently available data source for NOx  and hydrocarbon emissions occurring 

within the Perth airshed. 

In the consideration of the data, it is important to recognise that the AEC 

emission data only provides total emission inputs to the airshed. It does not 

attempt to quantify the distribution of emissions at specific locations throughout 

the airshed. It is thus not possible to quantify the effect of emissions at specific 	-• 

locations throughout the general airshed. To do this would require a major 

programme of detailed emission data collection and modelling of specific 

plume behaviour of a variety of sources under a variety of atmospheric 

dispersion conditions. The quantitative assessment given here of the potential 

for Frame 9 turbines at Pinjar Power Station to promote photochemical smog in 

Perth therefore may be considered to be limited to broadscale application only. 

Such factors as wind direction, the location and proximity of major hydrocarbon 

emission sources (eg. major transport routes and industrial centres). 

However, qualitative analysis of these factors suggests that the probability that 

NOx  emissions from the Frame 9 turbines at Pinjar can influence 

photochemical smog formation is low, as subsequently. discussed. 

Photochemical smog events are dependent upon the atmospheric 

concentration of NOx  and hydrocarbons and the availability of sufficient 

ultraviolet radiation. 	Therefore, significant production ..o.f, ozone via 

photochemical reactions would only occur if atmospheric concentrations of 

NOx  and hydrocarbon and C:N ratios are high during summer periods. 

Within the Perth region, emissions of hydrocarbOns.. and. NOx are 

predominantly due to two major sources, namely; 	................ ... . 

Industrial emissions from the Kwinana area. 	. 	. 
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Motor vehicle emissions, predominantly in the Perth Central Business 

District (CBD) and along major freeways and highways. The Perth 

Metropolitan Area can therefore be regarded as a large diffuse source 

of these gases. 

The Kwinana industrial area and the Perth CBD are located approximately 

70km and 40km south from Pinjar Power Station respectively. 

For emissions from Pinjar to interact with these two major sources in a 

significant manner, wind directions from due north and due south need to be 

considered. Under such conditions only, would plumes from Pinjar directly 

impinge on the Perth Metropolitan Area (and Kwinana further south), or the 

reverse. 

Analysis of wind direction data measured at SECWA's Pinjar meteorological 

station (see Figure 2, Appendix B) shows that the incidence of northerly winds 

in summer is about 3%, with wind speeds less than 3.4 m/s. The persistence of 

such winds into the late afternoon, when sufficient sunlight is available for 

photochemical events is an even rarer occurrence. It should be noted that at 

the maximum wind speed of 3.4 m/s, a plume from Pinjar would take over three 

hours to reach the Perth CBD and almost six hours to reach Kwinana. 

Pinjar Power Station is intended to meet the peak demand of the SECWA 

system and operation of the plant would be for a portion of the day only (See 

Table 3 in the main report) approximately between the hours of 8 am and 8 pm. 

Thus only a portion of the daily emissions would reach the sphere of influence 

of the other sources before a change in wind direction occurred. Under these 

conditions, the impact of the additional Pinjar plant is likely to be very small and 

probably insignificant. 

Southerly winds which would direct other emissions towards Pinjar Power 

Station occur for only 10% of the summer period with wind speeds of less than 

5.4 m/s. Generally such wind patterns occur in the late afternoon or evening in 

the Perth area. Perth CBD emissions would take more than two hours to reach 

Pinjar and would be in a dispersed form. 	 - 

Any possible photochemical events associated with Pinjar emissions under 

these conditions would be restricted by the limited ultraviolet radiation 

available in the late afternoon (See Figure C14). Under the worst conceivable 
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conditions, such events would direct:oxidant products in anoftherly direction 

and their formation would discontinue following the onset of nightfall. 

Therefore, the remote location o.Lthe Pinjar Power Station relative to other 

pollutant sources and the prevailing summer wind patterns shouldallow 

natural atmospheric dispersion to substantially dilute emissions and prevent 

high atmospheric concentrations of hydrocarbons originating from industry and 

road networks, from interacting with NOx  emissions from the power station. 

Recognising this, the potential for isolated events of localised smog formation 

due to the Pinjar Power Station should be very low. 
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9.0 SUMMARY AND CONCLUSIONS 

Screening investigations to determine whether NOx  emissions from the Pinjar 

Power Station, following installation of additional gas turbines will potentially 

contribute to the formation of photochemical smog within the Perth airshed 

show the following; 

Current hydrocarbon emissions to the Perth Airshed are estimated to 

be in the order 78-79 kilotonnes/annum and for the year 2000 are 

projected to increase to approximately 103-104 kilotonnes/annum. 

Current NOx emissions to the Perth Airshed are estimated to be in the 

order 56-57 kilotonnes/annum and for the year 2000 are projected to 

increase to approximately 69-70 kilotonnes/annum (not including 

emissions from Pinjar). 

Assuming a conservatively high average atmospheric mixing layer 

temperature of 250C, the IER model predicts that NOx  emissions from 

Pinjar gas turbines will not promote photochemical smog formation. 

Measurements of ozone concentration within the Perth airshed indicate 

maximum 1 hour average concentrations in the range 3ppb - 27ppb. 

These are lower by a minimum factor of two compared to the World 

Health Organization's long term goal for ozone concentration of 60ppb 

for a maximum one hour average. 

The remoteness of Pinjar Power Station, and prevailing summer (when 

sufficient sunlight is available) wind patterns indicate that the impact of 

emissions from the proposed additional turbines will be very low and 

probably insignificant for northerly wind flows. Under southerly wind 

patterns, the impact is likely to be very low as emissions from the Power 

Station will be directed away from the Perth Metropolitan Area. 
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APPENDIX D 	ENVIRONMENTAL 	MANAGEMENT 	OF 

DISTILLATE DELIVERY 

1.0 INTRODUCTION 

The Pinjar gas turbine power station is designed for operation using natural gas 

fuel. Natural gas is delivered to the site on a continuous basis through a newly 

installed gas pipeline that connects to the main Dampier to Perth gas pipeline 

near Muchea. 

In the event that the supply of gas to the power station temporarily falls short of 

requirements due to pipeline rupture or other equipment failure, the turbines 

can also operate on distillate fuel. Accordingly, to maintain security of electricity 

supply, distillate fuel for use in emergencies is stored on site in three 750 tonne 

storage tanks. 

However, should gas fuel be unavailable for an extended period of time, 

beyond the static supply capability of on-site emergency storage tanks, 

significant quantities of distillate may need to be transported to Pinjar by road 

tanker. 
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2.0 ENVIRONMENTAL IMPACT OF DISTILLATE. DELIVERY 

STUDY 

In the event of a road accident involving a distillate tanker, there is a risk that a 

distillate spillage may occur, and may locally contaminate soil, surface water 

and groundwater. 

Recognizing that the distillate delivery routes to Pinjar traverse environmentally 

sensitive areas including the Gnangara Water Reserve for which there are 

statutory regulations concerning contamination risk, SECWA commissioned an 

engineering study of the risks to groundwater and environment that result from 

distillate transfer to Pinjar by road tanker. (Golder Associates Pty Ltd and Camp 

Scott Furphy Pty Ltd, 1989). 

2.1 Scope of Study 

The scope of the study included the assessment of the following aspects: 

(I) 	Distillate requirements in the event of a gas shortage. 

Distillate transport and safety regulations. 

. Review of alternative distillate supply sources and transport routes, and 

the selection of preferred options. 

Environmental effects of fuel transport including: 

the potential for contamination of soils, groundwater and surface waters 

following a distillate spill 

noise 

vibration 

damage to roads 

slowing of general traffic 

danger to local residents 

The results of the study in terms of the above aspects are summarised in the 

following sections. 
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- 	2.2 Distillate Requirements 

For worst case gas shortages the Frame 6 gas turbines at Pinjar will consume 

significant quantities of distillate fuel, which may exceed the supply capabilities 

of the on-site emergency distillate tanks. Under these circumstances, distillate 

would need to be transported to Pinjar by road transport tankers and in a 

campaign of transport operations that would extend until gas supply has been 

resumed. 

2.3 	Distillate-Transport Regulations 

Discussions were held with Officers of:- 

Mines Department of W.A. - which administers the W.A. regulations 

related to the transport of dangerous goods. 

Environmental Protection Authority. 

Main Roads Department. 

BP Oil - Operations Division 

Water Authority of Western Australia 

Western Australian State Emergency Service 

to establish regulations for distillate transport. 

From these discussions a fairly clear picture of probable future official attitudes 

and preferences with respect to vehicle types, routes etc. was obtained. The 

following text sets out the most relevant factors. 	- 	- 

Distillate is not classified as a hazardous material under the Explosives and 

Dangerous Goods Act 1961-1986; and is in fact specifically excluded from such 

definition in the regulations. 	 -- 
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Therefore, specific rules which apply to the transportation of motor spirit with 

respect to tanker combing, overall construction, exhaust shrouding etc. do not 

apply. 

Notwithstanding the above it would appear that Mines Department, EPA and 

Water Authority would support the adoption of motor spirit standards to the 

transport of large quantities of distillate to the Pinjar site during gas supply 

shortage. Also the Oil Companies normally adopt the motor spirit standards 

and procedures for tankers, for both motor spirit and distillate transport. 

From discussions with the Fuel Supply Contractor, it would appear that the high 

volumes of distillate required at Pinjar during an extended gas supply shortage 

could justify delivery using "B Double" rigs; i.e. an articulated vehicle hauling a 

second semi-trailer. 

The overall length is normally a maximum of 23m. A "B Double" can haul a total 

of around 50,000 litres of distillate (20,000 + 30,000). 

By comparison, a normal delivery rig will comprise a prime mover hauling a 

30,000 litre semi-trailer tanker and an overall length of 17.5m maximum. 

Whilst the conventional semi-trailer rig of around 30,000, litres capacity can 

travel on all roads with little or no restriction, the "B Doubles" of 23m length are 

restricted to certain routes and roads as determined by the Main Roads 

Department. The restrictions are based upon road geometry, capacity, grades, 

overall weight and the effects of the vehicle length on general traffic flow. 

2.4 Distillate Supply Source and Transport Routes 

The basic sources of distillate supply for Pinjar are located at North Fremantle 

and Kewdale. 

Supply to the site from either storage source can be achieved by normal 1 7.5m 

semi-trailer tankers of up to 30,000 litres capacity or by "B Double" trailers of 

18m or 23m length. 

As stated earlier, normal semi-trailers can generally operate without restriction 
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on all arterial roads in metropolitan Peith -However, the "B bouble" rigs are 

restricted to specific roads, which determines the route to be taken between the 

fuel source and the site. For example, deliveries by "B Double" from North 

Fremantle would involve crossing the Swan River southwards to turn eastwards 

on Leach Highway to Kewdale. From Kewdale, the route toward the site would 

be northwards via Tonkin Highway and Beechboro Road, and westwards on 

Gnangara Road to Wanneroo Road. From this point the remainder of the route 

would be generally northwards on Wanneroo Road, east along Clarkson Road 

and north via Pinjar, Ziatus and Perry Roads. 

The principal risk associated with a distillate spill is the tainting of groundwater 

supplies with oily petroleum constituents. Other possible types of 

contamination include toxic or unpleasant tasting aromatics, sulphur and 

nitrogen, or metals such as lead and vanadium. 

As soon as they are spilled, hydrocarbons have a tendancy not only to spread 

out over the surface of the soil, but also to infiltrate, unless the ground is 

impermeable. 

Preliminary calculations presented in the Management Study report estimated 

that if 23m3  distillate accidentally spilled from a tanker and spread over an area 

of 50m2, the distillate would be held in a relatively immobile state within the 

upper lOm of the soil profile. Therefore unless the water table is less than lOm 

below natural ground surface level distillate would not be transmitted to the 

groundwater. 

For the few areas located along the transport route where the water table 

occurs at a depth of less than lOm, after reaching the water table distillate 

would tend to move laterally down gradient, spreading in a direction transverse 

to its flowpath. 

The preferred and alternative routes for distillate transport are illustrated as 

Figure Dl. 

Figure Dl also indicates the various Underground -Pollution Control Areas and 

Public Water Supply Areas of the Gwelup, Wanneroo and- Mirrabooka water 

systems. Similarly, the Gnangara Water Reserve and the Groundwater Areas of 

Wanneroo, Gingin and Swan are delineated. 
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It should be noted that some 46km-(of the total route distance:of-63km between 

the site and Kewdale) is••lcated within, or on the boundary of these areas. 

2.5 Environmental Effects of Fuel Transport 

Given the preference for Kewdale-as the distillate supply source, the preferred 

route for the 23m long "B Double" and the risk of accidental spillage during 

transit to the site, the following summarizes the likely environmental effects of 

distillate deliveries to the Pinjar Power Station site. 

The major social effects examined for any project are usually associated with 

quality of life i.e. visual intrusion, vibration, noise, odour, community disruption 

or severence. Other factors, such as those associated with public health or 

specific population groups are examined individually or as part of the social 

environment. 

Considering the preferred route and the frequency of delivery/return trips to the 

site it is apparent that the transportation will occur on major arterial and rural 
roads which in many instances will be dual carriageway facilities, with little or 

no urban development. Notwithstanding the foregoing, some residents of rural 

areas along the route may consider the increased traffic to be significant and 

raise objections. 

Perry and Ziatus Roads appear to have been constructed to Wanneroo. City 

Council design standards and distillate deliveries are unlikely to impair 

pavement performance of these roads. A specific assessment has not been 
performed for pavement performance on Pinjar Road. However, Pinjar Road is 

already more heavily trafficked than Perry and Ziatus Roads and the 

incremental effect of the distillate deliveries on pavement performance will not 

be as marked. 

For the greater part of the route, road grades are relatively flat and both vertical 

and horizontal geometry is adequate. Based on visual inspection, the most 

noticeable exception is in Perry Road about 14km from the site--wh?rethere  are 

a rurnber of "tight" corners. SECWA proposes to improve the horizontal 

alignment of this road. 
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Generally existing and proposed pavements are of adequate width and repair. 

Therefore, transport vehicles should generally be able to operate at steady 

speed without slowing or delaying normal traffic flows. 

The access road from Perry Road to Pinjar Power Station is also designed and 

constructed to a standard suitable for the proposed type and frequency of traffic. 

Therefore, in general, noise, vibration and odour production should not cause 

inconvenience to communities along the route. However, during peak power 

demands when distillate deliveries may continue throughout the night the 

residents of Wanneroo townsite and rural areas adjacent to the route may have 

their sleep disturbed. For this reason, it is considered that except in 

emergencies, deliveries will be restricted to daylight hours. 

Fuel deliveries will have no visual impact due to the use of major arterial roads 

and highways and similarly will cause no additional community severence, or 

disadvantage to specific population groups. 

Fuel deliveries will not involve a threat to the natural environment or the 

ecology of the route under normal accident free conditions. However, in an 

accident situation there will be the risk of distillate spillage resulting in the 

possible pollution of: 

the ground in the vicinity of the accident 

underground or open drainage lines in the area of the spillage and at 

some distance - depending on the extent of the drainage system 

surface waters e.g. wetlands 

groundwater 

The principal risk associated with a distillate spill is the tainting of groundwater 

supplies with oily petroleum constituents. Other possible types of 

contamination include toxic or unpleasant tasting aromatics, sulphur and 

nitrogen, or metals such as lead and vanadium. 
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As soon as they are spilled, hydrocarbons have a tendancy not only to spread 

out over the surface of the soil, but also to infiltrate, unless the ground is 

impermeable. 

Preliminary calculations presented in the Management Study report estimated 

that if 23m3  distillate accidentally spilled from a tanker and spread over an area 

of 50m2, the distillate would be held in a relatively immobile state within the 

upper lOm of the soil profile. Therefore unless the water table is less than lOm 

below natural ground surface level distillate would not be transmitted to the 

groundwater. 

For the few areas located along the transport route where the water table 

occurs at a depth of less than lOm, after reaching the water table distillate 

would tend to move laterally down gradient, spreading in a direction transverse 

to its flowpath. 

If a spill occurs in a groundwater resource area then the course of action with 

respect to protecting the groundwater resource should satisfy the following 

guidelines: 

minimise the volume of distillate that is spilled. 

remove any ponded distillate and excavate any saturated soils to a 

predictable depth, say 4m. 

if it is assessed that distillate may have entered the groundwater then 

install monitoring bores to confirm the actual situation and determine 

the need for pumped bores to minimise the spread of the contaminated 

groundwater. 

The above guidelines will apply in the event of a distillate spill in an area 

defined as either a Groundwater Resource Area or as a Primary Resource 

Areas by the Water Authority. 

In summary, apart from the possibi!ity of distillate spillage resulting from a 

tanker accident, the transportation of distillate to Pinjar should have negligible.. 

impact on the natural environment. 
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However, an accidental spillage of distillate could cause hydro-carbon pollution 

of surface and groundwater- as the deliveryroute traverses areas containing 

wetlands, drainage systems and/or the well fields and Pollution Control Areas 

of the Mirrabooka and Wanneroo groundwater systems. 

In order to minimize the effects of a distillate spill on the social and natural 

environment the following procedures will be adopted; 

The Fuel Supply Contractor will provide an emergency response 

procedure, including details on driver induction and emergency 

procedures to the satisfaction of the Water Authority of Western 

Australia. 

Distillate will be supplied from Kewdale via Tonkin Highway, Beechboro 

Road, Gnangara Road, Wanneroo Road and Pinjar Road. 

In the event that the supply source is North Fremantle the route 

described above, through Kewdale via Leach Highway will be used. 

(C) 	Distillate will be transported under conditions applicable to motor spirit 

under the "Explosives and Dangerous Goods Acti 961-1986". 

(d) 	The transport of distillate to Pinjar will be specifically included in the 

procedures, etc. associated with the Western Australian Hazardous 

Materials Emergency Management Scheme (WAHMEMS). 

The Water Authority of Western Australia has recently indicated that it was 

satisfied with, the WAHMEMS procedures and details raised in the Fuel Supply 

Contractors Emergency Response Plan as they relate to transport of distillate 

over the groundwater systems. 
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APPENDIX E GROUNDWATER MANAGEMENT. 

1.0 INTRODUCTION 

The Pinjar Power Station is located in the general .rechar.gearea of the 

Gnangara groundwater mound which is under the Water Authority's control as 

a source of potable water for the Perth metropolitan region. - 

The site is therefore placed under restrictions with respect to spillages and 

disposal of deletrious substances and liquid such as liquid fuels, oil, 

herbicides, sanitary wastes and other chemicals. 

Recognising the need to protect the groundwater resources of the Gnangara 

mound preliminary environmental management and monitoring commitments 

were proposed by the SECWA in 'Notice of Intent' - 280 MW gas turbine station 

at Pinjar (Bowman Bishaw and Associates, 1988). These included: 

A monitor bore will be installed at the power station to enable the 

measurement of unconfined groundwater quality downgradient of the 

site. The bore will penetrate the upper two thirds of the unconfined 

aquifer and will be constructed from PVC tubing within a gravel pack. 

The PVC tubing will be slotted for the full distance below the water 

table. 

A major ion analysis will be conducted annually, whilst total 

hydrocarbon analysis will be conducted quarterly,-using bulked sample 

representative of groundwater quality over the depth of bore 

penetration, the results of monitoring will be provided to the Water 

Authority on an annual basis. 

-(iii) 	A contingency plan that details procedures to be followed in the event 

of an accidental spillage from a fuel tanker or fuel storage facility within 

the Gnangara Groundwater Pollution Control Area, will be developed 

in consultation with the Water Authority of Western Australia. 
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2.0 FUEL STORAGE, WASTE EFFLUENT, FIRE PROTECTION 

AND GROUNDWATER MANAGEMENT STUDY 

Pursuant to commitment (iii) and in recognition of the need to formalise a 

comprehensive set of groundwater protection management procedures the 

SECWA engaged consultants Golder Associates Pty Ltd and Camp Scott 

Furphy Pty Ltd to conduct a study and prepare a document covering all aspects 

of groundwater protection specifically for the Pinjar Gas Turbine Station. The 

resultant document of the study entitled 'Fuel Storage, Waste Effluent, Fire 

Protection and Groundwater Management Study for Proposed Pinjar Power 

Station' was completed in February, 1989. 

2.1 Purpose and Scope of Study 

The purpose of the study was to develop design criteria and management 

procedures to reduce the likelihood of pollution during construction, normal 

operation and emergencies. The scope of the study and the resultant 

document is outlined as follows: 

Overview of the proposed development works and the existing physical 

and environmental conditions of the site. 

Identification of the potential hazards associated with the delivery, 

storage and usage of liquid substances on-site. 

Classification of liquid substances to establish their hazard in respect to 

toxicity and flammability. 

Evaluation of the properties of liquid substances used on-site in respect 

to migration and degredation in soil and water to establish the level of 

hazard to groundwater. 

Minimisation of hazards by establishing appropriate design criteria 

including siting of facilities, equipment selection and spill containment. 

Recommendation of appropriate construction practices to minimise the 

risk of contamination of the groundwater during construction. 
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Recommendations for safe operation of the plant to minimise. th.e 

potential for spillages of liquid: substances. 

Outline of an overall emergency response plan and response 

suggestions for each specific category of liquid substances used 

onsite. 

To ensure that- the requirements of the Water Authority were adhered to, close 

liaison with Water Authority personnel was maintained during the preparation 

of the document. 

2.2 Groundwater Protection Management Procedures and 

Commitments 

The study has identified scenarios during which groundwater pollution may 

occur from the delivery, storage and onsite usage of liquid substances. 

Groundwater protection management procedures commensurate to the 

significance of the local and regional groundwater resources have been 

developed in correspondence with the Water Authority to reduce the likelihood 

and extent of pollution during ongoing construction and normal operation of 

Pinjar Power Station and during emergencies. Accordingly, the following 

groundwater pollution control commitments have been adopted by SECWA: 

Pollution Control During Ongoing Construction 

As construction, will continue during the operation stage of the stationthe 

following commitments will be adopted. 

Provision will be- made for an impervious site laydown/bunded area for 

fuels and material requiring isolation. 	 - - 	- 

Generally, fuel used by Contractors will not be stored on site and all 

--maintenance to plant and equipment shall be carried out off site. - 

However, in special circumstances the SECWA Superintendent may - - 

allow storage of fuels on site. 

The storage of fuels and oils on the site shall onlybe quantities 
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required for operating plant and equipment undertaking the Works of 

the Contract. Fuels/oils shall be contained in drums and stored in a 

suitably paved and contained area approved by SECWA 

Superintendent. 

If oil changes are required for the maintenance of equipment, they shall 

be carried out on an approved hardstanding area. All oil so drained 

shall be collected in drums and disposed of at an approved industrial 

waste facility. 

Storage of fuels shall be in accordance with Figure El attached. 

All soil waste generated by workmen on site will initially be stored on 

site in bins and then trucked off site to a municipal tip by the Contractor. 

Temporary toilet facilities shall be dry flush type to ensure all wastes 

are disposed of off site. 

Prior to commencing work on site, the Contractor shall provide full 

details of liquid substances he proposed to deliver, store and use on 

the site. A fully detailed plan for the safe handling of these substances 

shall be provided to the SECWA Superintendent for approval. 

The construction/tender drawings will designate areas on the site for 

the storage of components, fuels and lubricating oils. 

Pesticides shall not be used on site without the approval of the SECWA 

Superintendent. The Superintendent will review the type of pesticide 

suitable for the application with a high degree of biological degradation 

and low organolytic properties. 

Oil for plant. equipment shall be supplied by tanker rather than in drums 

and transferred directly into equipment. 

Pollution Control During Normal Operation 

All operations staff are briefed on the groundwater protection requirements 

herein and are also made familiar with broader and more specific safe 

handling procedures. 
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Routine On-Site Tasks and Equipment Inspections are performed and 

recorded on a checklist log. 	 - 

Monitoring bores (2 upstream and 5 downstream) are now in place. 

The initial sampling programme has involved full comprehensive 

analysis of groundwater samples as set out in the National Health and 

Medical Research Council's "Guidelines for Drinking Water" (NHMRC, 

1987). 

Water samples shall be recovered quarterly from all monitoring bores, 

from the evaporation underdrain sump and from the distillate product 

storage area sump and analysed for the following constituents: 

- 	nitrate 

- 	nitrite 

- 	hydrazine 

- ammonia 

- 	total petroleum hydrocarbon 

- 	total organic carbon 

Every twelve months water samples will be recovered from the 

monitoring bores, from the evaporation pond underdrain and from the 

diesoline storage tank underdrain and subjected to gas 

chromatographic/mass spectrographic analysis to detect the presence 

of trace organic constituents which may indicate the release of 

petroleum products, solvents ororganic pesticides. Evaporation pond 

underdrain water will be tested for hydrazine on a yearly basis. 

All analysis will be performed by aNATAapproved laboratory. Samples will 

be collected and analysed in accordance with -methods approved by the Water 

Authority. 

Pollution Prevention During Emergencies 

An appropriate emergency response action plan covering fire, explosion and 

spillage on-site has been prepared for construction and operations personnel. 

Copies of the formalised written document are readily available, and are kept 
at work and home by all key liaison personnel and operations. During 

emergencies pollution prevention procedures will be followed. 

Bowman Bishaw Gorham 



E6 

3.0 REFERENCES 

Bowman Bishaw and Associates (1988). Notice of Intent 280 MW Gas Turbine 

Power Station at Pinjar. 

Golder Associates Pty Ltd and Camp Scott Furphy Pty Ltd (1989). Fuel 

Storage, Waste Effluent, Fire Protection and Groundwater Management Study 

for Proposed Pinjar Power Station. Prepared for State Energy Commission of 

Western Australia. 

NHMRC (1987). Guidelines for Drinking Water Quality in Australia. National 

Health and Medical Research Council and Australian Water Resources 

Council. Australian Government Publishing Services. 

Bowman Bishaw Gorham 



E7 

TANK OR DRUM 
FILLER 	 STORAGE 
HOSE 

NI Lbo25OO 
1_ U' 

CROSS SECTION' 
-3m MIN TO 

FILLER HOSE AND FUEL 	EDGE OF SHEE 
TANKER FILLER PIPE 	 - 
TO BE OVER POLYTHENE 	 1 

2m UIN— 

SOIL COVER TO PROTECT 
POLYTHENE SHEET 

CONTINUOUS POLYTHENE SHEET 
DOUBLE THICKNESS UP TO 	 10Tn 
GROUND LEVEL ALL ROUND 	CLEARANCE ION 

FOOTINGS OR LEGS SHALL NOT 
PENETRATE POLYTHENE SHEET. 
SHEET TO BE LAID'BEFORE 
FOOTINGS1WITH AT LEAST 

100mm CLEARANCE. 

PLAN 
SOIL COVER TO PROTECT 
POLYTHENE SHEET 

NOTES: 

CONSTRUCTION OF FLAMMABLE LIQUID STORAGE TANK TO BE IN ACCORDANCE WITH 
FLAMMABLE LIQUIDS REGULATIONS 1967 AS AMENDED. 

THE BELOW GROUND' POLYTHENE LEAKAGE TRAP IS'TO BE LEAKPROOF AND CAPABLE OF RETAINING 
ANY HYDROCARBON SPILLAGE. THE SHEET MUST BE SEAM WELDED AT EDGES, TO FORM A 
CONTINUOUS SHEET OVER THE SPECIFIED AREA. 

THE POLYTHENE SHEET THICKNESS REQUIRED:— 0.2mm 

THE POLYTHENE SHEET (OR OTHER IMPERVIOUS LINING) MUST BE APPROVED BY-THE.WATER AUTHORIT 
AND INSTALLED IN THE PRESENCE OF A WATER AUTHORITY REPRESENTATIVE. 
PHONE: 420 3019 or 420 2520 

FOOTINGS OF THE TANK, OR FENCE POSTS OVER THE POLYTHENE SHEET ARE NOTPERMITTED 
TO PUNCTURE THE SHEET. A MINIMUM CLEARANCE OF lOOnrn IS REQUIRED. 

ON REMOVAL OF THE FUEL TANK. ALL OIL CONTAMINATED SOIL MUST BE DISPOSED OF OUTSIDE THE 

U.'w.P.0 AREA, AT AN APPROVED,WASTE DISPOSAL SITE. 	 ' 

THE FILLER HOSE AND' FUEL TANK FILLER PIPE MUST BE OVER THE POLYTHENEWITH A MiNIMUM 
CLEARANCE TO THE EDGE OF THE SHEET OF AT LEAST 3 METRES.. , ' 	' - 

'SMALL ELEVATED FLAMMABLE LIQUIDS 
ORIGAL ORN ' 	 (HYDROCARBONS) INSTALLATIONS IN 
DRAWING 	 Water Authority 	UNDERGROUND WATER POLLUTION SIZE 

A 4 	CHO 	 estern Australia 

of 	 CONTROL AREAS 

FILE 	 PR0JECT ' PLAN 	 ISStJE 

FIGURE El 



APPENDIX F 

EPA Guidelines for the CER 



GUIDELINES FOR THE PROPOSED EXPANSION 
OF THE PINJAR GAS TURBINE POWER STATION 

These guidelines identify issues that should be addressed 
within the Consultative Environmental Review (CER). They are 
not intended to be exhaustive and the proponent may consider 
that other issues should also be included in the document. 

The CER should facilitate public review of the key 
environmental issues. 	It is intended to be a brief 
document: its purpose should be explained, 	and the contents 
should be concise and accurate as well as being readily 
understood. Specialist information and technical description 
should be included where it assists in the understanding of 
the proposal. It may be appropriate to include ancillary or 
lengthy information in technical appendices. 

Where specific information has been requested by a Government 
Department or the Local Authority, this should be included in 
the document. 

	

1. 	SUMMARY 

The CER should contain a brief summary of: 

salient features of the proposal; 
the potential environmental impacts and their significance; 
environmental monitoring and management programmes; 
safeguards and commitments; and 
conclusions. 

	

2. 	INTRODUCTION 

The CER should include an explanation of the following: 

identification of proponent and responsible authorities; 
background and objectives of the proposal; 
brief details of the scope and timing of the proposal; 
relevant statutory requirements and approvals; and 
scope, purpose and structure of the CER. 

	

3. 	PROPOSED LOCATION AND ALTERNATIVES CONSIDERED 

A brief discussion of alternative sites considered along with 
the proposed site should be provided. The method used to select 
the proposed site should be clear and reasoned. 

The proposed location is to be described both in terms of the 
existing or currently approved services and infrastructure and 
changes that will occur as a consequence of the proposed 
expansion, including: 

cadastral information; 
former and current land use considerations; 



changes to services, and drainage systems; 
a adjacent land uses (eg. residential and industrial land). 

PLANT DESCRIPTION AND ALTERNATIVES CONSIDERED 

A clear description of the proposed equipment and plant design 
should be given. Implications of the proposed expansion when 
compared against the currently approved operating schedule for 
the power station should be, discussed. 

An explanation of the preferred option for expansion should be 
provided. The selection of this option should be explained and 
information on the environmental advantages and disadvantages of 
the proposed option should be included. 

POTENTIAL ENVIRONMENTAL IMPACTS AND MANAGEMENT 

This section should briefly describe the predicted overall 
effect on the environment of the' currently approved power 
station and provide a more detailed description of the effects 
that could be expected if the proposed expansion was approved 
(eg. cumulative effects). Impacts during any clearing and 
construction activities at the power station should be 
addressed. 

The CER should also indicate approaches that will be adopted 
to ameliorate and manage the identified impacts. Issues that 
should be addressed include: 

the emissions 
gaseous waste; 
the liquid or 
the operation 
the protection 
the impacts of 
how impacts on 

and ambient concentration distribution of 

solid waste discharged to the environment from 
of the expanded plant; 
of groundwater in the area; 
noise generated from the site; and 
the receiving environment will be managed. 

It is considered that the key issues concern -the-- -management of 
noise and waste gas emissions and protection of the groundwater. 
Impacts should be quantified wher.e.possible, and the. criteria 
used for making an assessment of their significance should be 
discussed. 

6. 	MONITORING 

Potential environmental impacts such as emissions of NOx, 
groundwater -contamination from fuel- -stockpiled on site and noise 
attenuation of the power turbines will require an on going 
monitoring programme. 

The monitoring programme/s associated with the currently 
approved, power station may- need-----to be revised and others 
developed. They should include details of who is responsible for 
the preparation of the programme, on-going costs and reporting 
of results. A commitment to -prepare and: implement a complete 
monitoring and management programme is suggested. - 



7. 	CONCLUSION 

GUIDELINES 

A copy of these guidelines should be included in the document. 
REFERENCES 

All references should be listed. 

APPENDICES 

Where detailed technical or supporting documentation is 
required, this should be placed in appendices. 

COMMITMENTS 

Where an environmental problem has the potential to occur the 
proponent should cover this potential problem with a 
conunitment to rectify it. Where appropriate, the commitment 
should include: 

who will do the work; 
what is the nature of the work; 
to whose satisfaction the work will be carried out; 
when the work will be carried out; and 
if appropriate where the work will be carried out. 

The form and substance of commitments can be seen in recent EPA 
assessment reports (eg. Bulletin 419). 

Commitments should be individually numbered and collated into a 
section of their own in the document to facilitate their 
transfer into Ministerial conditions which are legally 
enforceable. 

GLOSSARY 

A glossary should be provided in which all technical terms, 
and unfamiliar abbreviations and units of measurement are 
explained in everyday language. 

HOW TO MAKE A PUBLIC SUBMISSION 

The CER should include instructions to the public on how they 
can make a submission. 	These instructions should be 

- 	placed at the beginning of the document. 
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Note 

The EPA Report and Recommendations refers to Frame 6 turbines as 35MW, 

SECWA now refers to these turbines as 37MW due to newly adopted 

conventions in expressing power ratings of gas turbine plant relative to 

ambient air temperature. 
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BACKGROUND 

The State Energy Commission is proposing to establish a gas turbine power 
station at Pinjar, north-east of Wanneroo. 

At completion of construction in 1994, the station will comprise eight 35. MW 
gas turbine units. Initially only two units will be built, the others being 
added over the next six years. 

The station is designed to meet peak power loads and provide emergency power 
to the grid. The ability of gas turbines to come to power very rapidly makes 
them ideal for this proposed purpose. The gas turbine will link into the 
state grid supplying energy south to Perth and acting as a switch station 
for powerlines from the north. The EPA required that the SEC prepare a 
detailed Notice of Intent (NOl) for this project. 

THE SITE 

The site is shown in Figure 1, it is situated on Crown Land in banksia 
woodland in a comparatively sparsely populated area. Surrounding land uses 
are pine plantation and native vegetation. 

THE PROPOSAL 

It is proposed t .  fuel the station with natural gas piped to the site from 
the existing Dampier to Perth Gas Pipeline via a new lateral. Fuel oil will 
be stored on site for back-up in the event that the gas supply is 
interrupted. The station will be linked to the main grid via existing 
132 KVA transmission lines which pass close to the site. 

ENVIRONMENTAL IMPACTS AND MANAGEMENT 

In its assessment of the NOl the EPA gave particular consideration to the 
following environmental issues: 

the emission of noise from the turbines; and 

the air emissions, particularly of oxides of nitrogen (NOx). 

The EPA also considered: 

arterial impacts - the routes taken by the gas supply pipeline, 
power lines and access roads; 

the possible contamination of the Gnangara Mound groundwater resource 
by fuel oil spillage; 

the impact of the construction of the plant; and 

fire risk. 

These impacts are discussed below: 

4.1 	NOISE 

Gas turbines are known to be noisy. There are noise attenuating design 
modifications possible. However, the best option for minimising noise impact 
is to provide an adequate buffer zone. 

1 



At the two closest residences approximately 5 km to the south west, 
background noise levels hav,e been measured at 25 and 27 dB(A) respectively. 
These figures indicate a very quiet neighbourhood. Taking into account 
various factors which may decrease the noise such as the shape of the land, 
vegetation and weather conditions, the NOl calculates that at 2.5 km from 
the plant the noise level will be 30 dB(A) with all the 8 turbine units 
operating. The NOl reports that this will occur no more frequently than 85 
hours/year. This is the maximum allowable night time noise level set by the 
"Assigned Outdoor Neighbourhood Noise Levels" established under the 
Environmental Protection Act, 1986. Consequently the NOI propose that a 
buffer zone extends out 2.5 km from the site. 

The EPA considers that the noise emissions from the station outside the 
buffer zone will not be disruptive to residents of the area. The gas 
turbine station buffer zone will however have implications for the use of 
the area within the buffer zone and consequently the EPA supports the 
interaction currently taking place between the Shire of Wanneroo, the State 
Planning Commission and CAJI( to ensure appropriate land uses take place 
within and outside the buffer zone. 

4.2 	AIR EMISSIONS 

Because the station is powered by turbines which burn gas there will be very 
little emissions of sulphur, compounds or particulates which commonly cause 
nuisance from oil and coal powered stations. 

However because of the high temperatures associated with gas turbines there 
will be emissions of oxides of nitrogen (NOx) from the plant. 

The estimated exhaust gas NOx emission from the turbine is between 
0.42-0.54 g/m3  while operating at base load and depending upon whether gas 
or back-up emergency fuel oil is used. The relevant National Health and 
Medical Research Council NOx concentration guideline is 0.07 g/m3  which is 
considerably lower than the estimated emissions. 

The NOl argues that although the estimated emissions are higher than the 
recommended guideline the emission is environmentally acceptable for the 
following reasons: 

when all the exhaust conditions for gas turbines and normal coal/oil 
powered steam boiler stations are corrected to comparable power 
production conditions, the NOx emissions for both plants are similar 
and within the NH & MRC guidelines for steam boilers; 

the gas turbines will only operate intermittently and mostly not at 
full capacity; 

the mathematical modelling of the ground-level fall out of NOx was 
conducted very much on the worst case. Despite this, these results 
produced predicted maximum ground level concentrations of NOx lower 
than the Victorian EPA standards .for conventional power stations. 

The NOT also addresses the possibility that NOx emissions from the plant 
will contribute to the formation of photochemical . 'smog. The NOT lists 
reasons why it is considered :the emissions from the gas turbine will not 
contribute to the formation of photochemical smog.. In summary., there are: 

the prevailing atmosphere conditions are not conducive to smog 
formation; 
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there is a low ratio of non-methane hydrocarbons to NOx in the Perth air 
shed. This condition limits the formation of photochemical smog. 

Based on the information in the NOl, and that the site is removed from other 
major NOx sources the EPA considers that the air emissions from the plant 
are acceptable. 

IMPACTS ON LANDSCAPE AND SURROUNDING LAND USES 

The NOl addressed the following issues: 

- the visual profile of the plant; 

- the impact of cle4ring the site and the pipeline construction on 
vegetation and the spread of dieback; 

- the effects on other uses, particularly recreational uses, of the area 
surrounding the station; and 

- the added effect of fire risk on the area. 

The EPA considers that given the information in the NOl and the additional 
discussions taking place between CALM and the SEC that the plant will not be 
obtrusive and the surrounding uses of the area will be effectively managed. 
The EPA requested that the SEC brief the Authority on the proposed possible 
routes for powerlines to and from the gas turbine station. The SEC defined 
two broad sets of proposed routes between the Pinjar station and Perth 
northern terminal at Gnangara. These two sets of proposed routes are (see 
Figure 2): 

- from SEC northern terminal north between the electromagnetic interference 
exclusion zones around OTC and Pearce over State Forest 65 to Pinjar; 

- west from SEC northern terminal across the Swan River along the 
foothills or scarp then east to Pinjar. 

The EPA considers that the option to cross the Swan River is not 
environmentally acceptable and consequently favours the more direct northern 
route for the powerlines. 

The actual selection of a route within this corridor will be the subject of 
a later assessment by the EPA. 

The route of the gas supply pipeline lateral from the Dampier-Perth gas main 
will follow the existing Muchea-Yanchep transmission line easement. 

IMPACTS ON WATER RESOURCES 

As the station does not use water in the power generation cycle there is no 
major water use or discharge occurring. The proposed site overlies the 
Cnangara Mound, which will be used as a water supply for Perth in the 
future. 

The EPA acknowledges that there is a potential for pollution of the ground 
water reserve either from the spillage of fuel oil on site or from an 
accident involving transport of fuel to the site. Consequently the EPA does 
not consider that this project should be seen as setting a precedent for the 
establishment of any large fuel oil store above a groundwater resource. It 
has therefore, made a recommendation to this effect. 
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7. 	CONCUJSIONS AND RECOMMENDATIONS 

The 	-SEC is• proposing to develop gas-tu-rb'iPe power-station at Pinjar to 
supply peak load demand. The NOIprepared by the SEC addressed the major 
environmental issues of noise emissions and NOx emissions from the station - 
as well as other issues. The EPA has also been briefed on the proposed 
routes of the powerlines. 	 - 	 - 

Based on the information and commitments in the NOl-and the subsequent 
briefing by the SEC on powerlirie routes. 

RECOMMENDATION 1 

The EPA considers that the SEC's proposal to establish a gas turbine power 
station at Pinjar is environmentally acceptable provided that: 

- the SEC adheres to the commitments made in its Notice of Intent; 

the powerlines from the proposed power station to SEC northern terminal 
-follow the broadly defined north-south route passing between the 
electromagnetic interference exclusion zones around RAAF Pearce and the 
OTC station at Gnangara and are referred to the Environmental Protection 
Authority for assessment. 

RECOMMENDATION 2 

The EPA considers that the water resource below the gas turbine station 
should be protected from contamination by hydrocarbons. Therefore, the EPA 
recommends that the State Energy Commission prepares plans detailing the 
design of storage monitoring of leaks and transport contingencies for the 
fu1 oil used at the gas turbine station. These plans should be to the 
satisfaction of the Water Authority of WA. 
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