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1. Executive Summary
Methanex has commissioned Access Economics to assess the national and Western Australian
economic impacts of the proposed methanol project using gas from the North West Shelf.
Our accompanying re port 1 contained an assessment of the national economic and budgetary
impacts. This supplement explores the corresponding Western Australian impacts. It should
be read in conjunction with the main report, which provides a fuller description of the project
and modelling approach.
The project
The core methanol project considered in this report comprises the methanol plant, together
with upstream developments by the North West Shelf Consortium to supply the natural gas
input, and port and other infrastructure developments associated with the project. Additional
downstream developments may be stimulated by the success of the Methanex project. Their
impacts are considered separately below.
Key statistics for the core project, as modeled in this study, include:
•

total capital expenditure in excess of A$2 billion between 2003 and 2008. Construction of
the methanol plant will provide employment for around 1,000 on-site construction
employees for most of that time. This investment will provide a substantial boost to the
WA economy.;

•

annual production of 2.1 million tonnes of methanol from 20062, rising to 4.2 million
tonnes from 2009 with the completion of the second production train. The modelling
horizon extends to 2030. Each train will use approximately 70 PJ of natural gas annually;

•

a direct contribution to the balance of payments from methanol exports and import
replacement of A$460 million from 2006, and A$940 million from 2009. This production
and exports add to WA gross state product;

•

direct employment at the methanol plant of approximately 150 people, together with flowons to the WA economy from the project’s operational expenditures;

•

additional payments to the WA government of payroll and other indirect taxes, together
with the bringing forward of royalty payments from the exploitation of the state’s natural
gas resources. In net present value terms this will amount to some $70 million in net
present value terms at a 5 percent real discount rate.
Modeling results

According to our modeling - consistent with the national findings - the core methanol project
would generate substantial positive economic impacts in Western Australia.

1

Access Economics, The Australian national economic impact of the Methanex methanol project, Report to
Methanex Australia Pty Ltd, Canberra, December 2001
2

Project start -up is in 2005, but the analysis commences based on the first full year of operation in 2006
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During the initial investment phase (between 2003 and 2008):
•

the project’s investment raises aggregate demand economy-wide and especially in WA.
There is some leakage to imports (international and interstate), and an increase in output
and employment;

•

on average over this period, gross state product is some $200 million higher (at today’s
prices 3) and employment 3,100 above the level in the world without the project. Private
consumption is also on average some $60 million higher, reflecting wage incomes
generated by the investment expenditure, as well as the fruits of initial project exports;

•

the increases in GSP and consumption are larger at the end of this period since the first
train is now producing, while the second is being built.

During full operation (from 2009 onwards):
•

the project causes a substantial increase in gross domestic product and exports. This in
turn allows an increase in imports. The economy benefits also from accelerated
exploitation of North West Shelf gas resources;

•

the project raises government revenues, allowing a cut in personal income taxes. Higher
consumer demand reflects in higher imports, but also an increase in Australian production
and employment;

•

Between 2009 and 2020, annual GSP is on average $430 million (at today’s prices) above
the level in a world without the project. Private consumption is some $160 million higher.
Employment is up, on average, by some 900. The net present value of the increase in
GSP is $4.6 billion at a 5 per cent real discount rate;

•

in the project as modeled, the North West Shelf consortium contributes less to exports and
government revenues from about 2020 onwards as gas and condensate production fall
below the levels in the baseline. This in turn reflects in a weaker overall stimulus to GSP,
employment and private consumption.
Impacts on Western Australian public finances and economic welfare

Key measures of the core methanol project’s potential contribution to the Australian economy
are its overall impacts on overall public sector finances, the Commonwealth budget and on
economic welfare.
We measure the overall impact on public sector finances as the net increase in WA General
Government sector tax revenues and Commonwealth transfers:
•

on this definition, the net present value of the impact on general government finances is an
estimated $480 million in 2001 at a real discount rate of 5 percent.

3

Throughout the report and analysis, “today’s prices” are defined as being in dollars of 1999/00. This year is
used as a base because it is the year in terms of which constant price series of the Australian National Accounts
are expressed.
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In AE-MACRO the best measure of the project’s overall impact on WA economic welfare is:
A. the increase in annual flows of private consumption and general government current
expenditures that it allows, and
B. the decrease in public sector debt at the end of the simulation period 4.
As modeled, in net present value terms, the welfare impa ct is mainly on the private sector.
•

At a real discount rate of 5 percent the project improves Western Australian economic
welfare by an estimated $2.0 billion (net present value in 2001).
Potential for additional downstream development

Once the Methanex deal goes ahead it is expected that other world scale gas feedstock
customers will be more likely to be attracted to the Burrup Peninsula than would otherwise be
the case. The portfolio of additional customers for North West Shelf feedstock gas is
understood to include customers each with gas demand in the range of 90 - 500 TJ/d. The
Methanex deal is expected to lead to an increased probability of each of these developments
going ahead, such that the total expected gas demand is increased by around 100 TJ/ d.
•

The additional expected macro benefits above the base analysis have not been explicitly
modeled, but are likely to be about one quarter of those estimated for the core methanol
project (which will use about four times the amount of gas).

•

Based on the modeling of the core methanol project, this could mean an expected
additional annual $100 million of GSP, annual $40 million of WA private consumption,
and additional WA employment of 200 persons during the project(s)’ operation. As a
rough indication, the net present values of the increases in WA General Government
revenues and GSP could be of the order of $120 million and $1.2 billion respectively.
Conclusion

As modeled, the core project comprising Methanex’ proposed Western Australian methanol
plant, ass ociated infrastructure development, and the expansion of natural gas supply by the
North West Shelf Consortium would have a substantial positive impact on:
•

Western Australian exports, GSP, employment and private consumption;

•

public sector finances; and on

•

Western Australian economic welfare.

The impacts would be higher were full account taken of investment in additional gas supply,
and the expected stimulus to other large scale gas -based industrial developments.
Access Economics
December 2001

4

We should ideally include an estimate of the increase in WA private wealth. However, the model does not
generate an estimate of this.
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2. Introduction
Methanex has commissioned Access Economics to assess the national and Western Australian
economic impacts of the proposed methanol project using gas from the North West Shelf.
Our accompanying report 5 contained an assessment of the national economic and budgetary
impacts. This supplement explores the corresponding Western Australian impacts. It should
be read in conjunction with the main report, which provides a fuller description of the project
and modelling approach.

2.1.

The project

Core methanol project
The core project considered in this report comprises the methanol plant, together with
upstream developments by the North West Shelf Consortium to supply the natural gas input,
and port and other infrastructure developments associated with the project.
The methanol project will convert natural gas from the North West Shelf into methanol, using
a catalytic process. The plant will be located on the Burrup Peninsula in the Pilbara region.
The methanol will primarily be exported to Asia. A small proportion of production (3 percent
initially) will replace imports in the Australian market..
Additional downstream developments may be stimulated by the success of the Methanex
project. Their impacts are considered separately below.
Key statistics for the core proje ct, as modeled in this study, include:
•

total capital expenditure in excess of A$2 billion between 2003 and 2008. Construction of
the methanol plant will provide employment for around 1,000 on-site construction
employees for most of that time. This investment will provide a substantial boost to the
WA economy.;

•

annual production of 2.1 million tonnes of methanol from 2006, rising to 4.2 million
tonnes from 2009 with the completion of the second production train. The modelling
horizon extends to 2030. Each train will use approximately 70 PJ of natural gas annually;

•

a direct contribution to the balance of payments from methanol exports and import
replacement of A$460 million from 2006, and A$940 million from 2009. This production
and exports add to WA gross state product;

•

direct employment at the methanol plant of approximately 150 people, together with flowons to the WA economy from the project’s operational expenditures;

•

additional payments to the WA government of payroll and other indirect taxes, together
with the bringing forward of royalty payments from the exploitation of the state’s natural
gas resources. In net present value terms this will amount to some $70 million in net
present value terms at a 5 percent real discount rate.

5
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Methanex Australia Pty Ltd, Canberra, December 2001
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Wider economic impacts
WA will also share in the wider national economic benefits generated by the project. WA
consumers will benefit from the lower prices of imports brought about by the impact of
project exports on the balance of payments and the exchange rate. They will also benefit from
a projected reduction in Commonwealth income tax rates.
The WA budget will benefit from higher Commonwealth transfers of GST revenues,
generated by higher national consumption spending.
Potential for further economic development in the Pilbara
The core methanol project is a conservative approach to the estimation of economic benefits.
It makes limited allowance for the stimulus that the methanol project will give to the
development of new offshore gas reserves to replace those committed by the North West
Shelf; and no allowance for possible development of other gas -based industrial plants in the
Pilbara.
The North West Shelf is an attractive location for large-scale gas customers including gas-toliquids, petrochemical and mineral processing/refining plants. Over the medium term it is
likely that some of these projects will come to fruition, attracted to the vicinity of the Burrup
Peninsula by the supply of competitively priced feedstock gas and infrastructure.
Once the Methanex deal goes ahead it is expected that other world scale gas feedstock
customers will be more likely to be attracted to the Burrup Peninsula than would otherwise be
the case. They will see Methanex’ investment as a catalyst to providing a business,
infrastructure, regulatory and gas supply environment conducive to world scale industrial
development. Any of these developments would require the investment of many hundreds of
millions of dollars and generate many hundreds of construction jobs, substantial export or
import replacement revenues and taxes.
The portfolio of additional customers for North West Shelf feedstock gas is understood to
include customers each with gas demand in the range of 90 - 500 TJ/d. Methanex’ investment
is expected to lead to an increased pr obability of each of these developments going ahead,
such that the total expected gas demand is increased by around 100 TJ/d by around 2010 (i.e.
equivalent to a new feedstock gas customer using 100 TJ/d due to the presence of Methanex).
The additional expected macro benefits above the base analysis have not been explicitly
modeled, but are likely to be about one quarter of those estimated for the core methanol
project (which will use about four times the amount of gas).
•

Based on the modeling of the core me thanol project, this could mean an expected
additional annual $100 million of GSP, annual $40 million of WA private consumption,
and additional WA employment of 200 persons during the project(s)’ operation. As a
rough indication, the net present values of the increases in WA General Government
revenues and GSP could be of the order of $120 million and $1.2 billion respectively.

5
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Modeling approach

As described in the Interim Report, we analysed the national economic impacts of the project
using the Access Economics AE-MACRO macroeconomic model of the Australian economy.
To estimate the economic impacts on Western Australia, we employ the state and industry
modules of AE-MACRO. These allocate a national simulation of the model to states and
industries, in line with average historical experience. The initial results from AE-MACRO
are adjusted to take account of the particular features and location of the project, drawing on
insights from state-level computable general equilibrium and input-output analysis of
comparable resource projects.
We estimate the impacts of the project on the Commonwealth, NT and SA budgets using
spreadsheet analysis similar to that which underlies Access Economics’ regular published
projections of Commonwealth and state budgets. The analysis involves using a long-run
version of these spreadsheets; economic parameters generated by the AE-MACRO model;
and assumptions about reactions of state/territory and federal policy makers; in order to
compare the development of budgets in the prese nce or absence of the project.
The analysis involves comparing two long-term simulations of the AE-MACRO model. The
first (“No change” scenario) is a standard long-run projection, based on Access Economics
assumptions about trends in major economic variables. In the second, we take the model used
in the standard projection and add the methanol project. The difference between the two
simulations provides an indication of the likely economic impact of the project.
Methanex and the North West Shelf Consortium provided most of the necessary data for the
project, including projections of production and input quantities, capital and current
expenditures, and financing. Access Economics has adjusted this data to fit its own long-term
projections of inflation and exchange rates, but has not sought otherwise to verify the data
provided.
The results reported in this paper are a projection, on the assumption that past economic
trends and current policies continue. The results are conditional on the numerous assumptions
required in the modeling. They represent a potential outcome, rather than an exact forecast of
the long-term behaviour of the economy. Further details of the modeling approach are given
in the Interim Report (Appendix A).

6
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3. Western Australian economic impacts
Results of the modeling are summarised in the following charts and table.

Chart 1. Methanol core project: National and Western Australian impacts;
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Direct impacts

The project’s main direct macroeconomic impacts are on business investment and exports.
These impacts are predominantly in Western Australia. As Chart 1 shows, the proportionate
impact on Western Australian Gross State Product is projected to be about four times that on
national GDP.
As shown in Chart 2, the project provides a substantial boost to WA business investment
between 2003 and 2008. The two peaks correspond to successive waves of investment in
each of the two production trains and associated gas supply capacity and infrastructure.
Project investment dominates the overall investment response in the economy.
Once the project begins production, there is a substantial sustained impact on the level of WA
international exports.
The exports include both methanol and additional condensate from the North West Shelf.
Beyond about 2020 the net impact on exports declines because production from the North
West Shelf is lower than in the “business as usual” scenario. The replacement gas field
notionally used as a source of gas is assumed to have a lower condensate ratio than the
existing fields.

7
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Chart 2. Methanol core project: impact on WA investment and exports, 1999/00
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Flow-on impacts

3.2.1. Investment and initial production: 2003 to 2008
The project’s investment raises aggregate demand economy-wide and especially in WA
(Chart 3). There is some leakage to imports (international and interstate), and an increase in
output and employment.
Expenditure on the two production trains is seen in the successive peaks in business
investment and state final demand in 2005 and 2008. In 2006 the first train begins production
while investment in the second train is taking off.
On average over this period, gross state product is some $200 million higher (at today’s
prices) and employment 3,100 above the level in the world without the project. Private
consumption is also on average some $60 million higher, reflecting wage incomes generated
by the investment expenditure, as well as the fruits of initial project exports.

8
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Chart 3. Methanol core project: impact on WA final demand and private
consumption; 1999/00 $ million
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3.2.2. Full operation: 2009 to 2030
The methanol plant reaches full operation in 2009 and produces at a constant level. Operation
leads to a substantial increase in gross state product and exports.
Between 2009 and 2020, annual GSP is on average $430 million (at today’s prices) above the
level in a world without the project. Private consumption is some $160 million higher.
Employment is up, on average, by some 900.
In the project as modeled, the North West Shelf consortium contributes less to exports from
about 2020 onwards. This in turn reflects in a weaker overall stimulus to GSP, employment
and private consumption.
Over the full life of the project the net present values in 2001 of the increase in GSP are as
follows:
Real discount rate
Net present value in
2001 of increase in
GSP

3 percent

5 percent

7 percent

$6,030 million

$4,580 million

$3,550 million

9
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The project’s impacts on the Western Australian economy are summarised in Table 1

Table 1. Methanol core project: Western Australian economic impacts

Average deviations from baseline simulation levels
2003-08 2009-15 2016-20 2021-25 2026-30
Annual averages (1999/00 $ million)

Private consumption

62

142

170

93

114

Business Investment

290

21

13

15

18

Final demand

368

206

235

136

169

Exports

186

587

650

457

488

Gross State Product

202

390

470

294

334

Thousands

Employment

3.1

1.1

0.6

0.1

0.2

Population

1.7

3.7

3.7

3.7

3.7

Percentage deviations

Private consumption

0.01%

0.12%

0.39%

0.17%

0.19%

Business Investment

2.19%

0.13%

0.07%

0.07%

0.09%

Final demand

0.46%

0.20%

0.20%

0.10%

0.13%

Exports

0.51%

1.28%

1.11%

0.58%

0.69%

Gross State Product

0.24%

0.37%

0.38%

0.20%

0.24%

Employment

0.31%

0.10%

0.05%

0.00%

0.02%

Population

0.08%

0.17%

0.16%

0.14%

0.15%
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4. Western Australian Budget Impacts
The project’s impacts on the Western Australian Budget were assessed using the methodology
underlying Access Economics’ State Budget Monitor publication. State Budget Monitor
operates over a six to seven year horizon, with comparisons against the current State
Government outlooks (two to three years). It has recently been updated to use the new
accrual accounting framework being progressively implemented by State Treasuries
(currently Tasmania and the Northern Territory are the only areas not to have changed over).
For the purpose of this analysis, Access’ standard short term forecast horizon has been
maintained (in line with the modelling of the Commonwealth Budget presented previously).
Longer term projections have been obtained with policy consistency being maintained as
much as possible. This is particularly important for revenue from the Commonwealth (in the
form of GST and other payments), which is assumed to be distributed on the same ba sis as at
present.

Chart 4. Impacts on the Western Australian headline budget outcome
deviation from baseline, 1999/00 $ million
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Chart 4 shows the impact on the State Budget headline deficit measured in today’s dollars. A
positive result indicates an improvement.
Gains through economic growth, gross operating surpluses of the State’s PTE sector, tax
revenue and royalty payments gradually outweigh a small shortfall to improve the State
Budget position and lower overall debt burdens.
The decrease in royalty payments projected in the later years means that the improvement in
the last ten years is less than growth in GSP, lowering the relative rate improvement in debt –
though not the absolute improvement.
Deviations in key budgetary items as a result of the project are shown in Table 2. T he project
clearly produces net benefits to the Western Australian Budget over time.
11
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Table 2. Methanol core project State Budget impacts
2003-08

Deviations from baseline simulation levels
2009-15
2016-20
2021-25
Annual averages (1999-00 $ million)
32
58
19
2
12
13
2
22
5
35
91
37
-3
-9
-15
17
68
40
14
59
24
21
33
13

2026-30

Tax revenue
Grants from Commonwealth
Other revenue
General government revenue
Net interest
Other expenses
General government expenses
General government balance

5
0
-2
3
0
1
1
3

PNFC impact

-1

1

0

-1

-1

2

23

33

12

12

less
Capital expenditure
Dividends paid
Other transactions
Underlying budget balance

7
-1
2
-6

4
-1
5
15

15
5
4
8

6
-1
3
4

8
-2
4
3

Net debt

40

-27

-78

-97

-99

Headline budget balance

26
18
7
51
-18
56
38
13

From 2009 to 2030 the increase in royalty payments, higher economic growth and population
inflows have a net positive impact on both the budget balance and debt levels.
Expenses and general government revenue rise in proportion throughout the period, but by
2030 the slight negative economic impacts seen in the national modelling are cutting into the
overall benefits of the projects. During this period the lower interest payments caused by the
improvements in debt over the previous decade become the main contributor to the budget
improvement.
Obviously the modelling assumption of no policy change is unlikely to eventuate over the
twenty-five years of the project. In particular, the modelling assumes the Government makes
no changes to policy despite the fluctuations in its budget situation. Improving the likelihood
of this outcome is the general profile under both situations. This is for modest budget
surpluses throughout the forecast period and a gradual elimination of debt - without running
up a large surplus in later years that might indicate the likelihood of a substantial government
response.

12
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5. Overall impact on Western Australian economic welfare
As with the national model, the state module of AE-MACRO allows the estimation of the
project’s overall impact on state economic welfare. Since we do not have a good estimate of
private wealth at the state level, the measure is less comprehensive than the national measure.
It includes:
A. the increase in annual flows of private consumption and general government current
expenditures that it allows, and
B. the decrease in public sector debt at the end of the simulation period.
To compare these welfare impacts, that occur at different points in time, we convert them into
net present values by summing and discounting back to the present. Table 3 shows the result.

Table 3. Methanol core project, impacts on Western Australian economic welfare
Real discount rate
3%

5%

7%

1999-00 $ million

Private sector
Consumption expenditure

2,080

1,580

1,220

560

380

260

2,640

1,960

1,480

General government
Current expenditure + reduction in debt in 2030

Total economic benefit
Private + public

According to AE-MACRO the welfare impact is mainly on the private sector. At a real
discount rate of 5 percent the project improves Western Australian economic welfare by an
estimated $1,960 million in net present value terms. The estimates vary as the discount rate is
raised or lowered.

13
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Conclusion

Consistent with the national economic results, the methanol core project (comprising the
methanol plant and associated infrastructure, plus upstream development by the North West
Shelf Consortium) would have a substantial positive impact on:
•

Western Australian exports, GSP, private consumption and employment;

•

public sector finances; and on

•

Western Australian economic welfare.

The impacts would be higher were full account taken of investment in additional gas supply,
and the expected stimulus to other large scale gas -based industria l developments.
Access Economics
December 2001
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6. Appendix: methodology
6.1.

Modeling the WA economic impacts

The AE-MACRO model contains a State Forecasting Module which is fully integrated with
the main mode. All simulations conducted on the AE-MACRO model can produce output for
state variables.
State and territory forecasts are produced for output (both nominal and real), measures of
inflation (the GSP deflator and consumer price index), population, and the number of people
employed and unemployed, as well as motor vehicle registrations. The state module is linked
to an industry module, which is used to calculate employment in the public sector (important
for government wage expenditure) as well as some industry output variables that are used in
the Budget modelling.
State and industry forecasts are produced initially using a ‘top down’ approach. National
forecasts of components of final demand are produced from the main AE-MACRO model and
these are split into state forecasts, using the methods outlined below .
The national forecasts used are:
•

components of final demand (public and private consumption and investment, exports and
imports etc);

•

output, employme nt, unemployment and population;

•

export, import and GDP price deflators.

The following methodology is used to calculate both state and industry output forecasts. As
an example, consider the case where demand is rising (adding to the return to capital) yet
bond yields are falling (reducing the required return to capital). That combination of factors
will clearly induce extra investment by businesses.
•

One implication is that the mining sector grows under this methodology, as mining growth
is closely correlated to investment growth.

•

Therefore, if the mining sector grows, then Western Australian output and employment do
well relative to the rest of Australia, as Western Australia is relatively over -endowed with
mining.

•

To the extent mining is a relatively capital intensive industry, the boost to Western
Australia’s employment is proportionately less than the boost to its output (and the same
is true for employment at the national level).

The basic methodology links changes in output measures with the expected growth in
industries, and then the expected implications for state economies.
At the same time, an estimate is made of the expected change in the state’s components of
output. In general, the relative growth rates in consumption and investment are linked either
to:
15
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•

estimated output growth (calculated using the first methodology);

•

estimated population growth, either total (for consumption measures) or in key
demographic groups (in particular, dwelling investment, which is driven by growth in the
20-44 year-old population);

•

one-off impacts (such as the initial investment in the core methanol project) which are
added to Western Australian investment levels; or

•

longer term implications of the core methanol project’s investment – for example a
relatively large share of the expected boost to national merchandise exports.

In deciding what allowance to make for the impacts of the core methanol project, we have
been influenced by results obtained in earlier Access Economics analyses of comparable
resource projects using the AE-CGE computable general equilibrium model.
The increases in employment over the course of the project have implications for the state’s
population. In general, population will move towards employment prospects, so a boost to
employment levels will – in the long term – draw relatively more of the national population to
Western Australia. Because the projected decline in the stimulus to employment in the later
years of the forecast occurs across Australia (rather than just in Western Australia) the
population does not ebb back to the rest of Australia as job gains in the West are lost. This
would only occur if WA were doing worse than elsewhere.
The output figures determined in the main model (as well as the components of final demand)
are all in real terms. To obtain nominal GSP forecasts (required for Budgetary modelling),
the real forecasts are multiplied by a state GSP deflator. This is calculated using each state’s
share of Australia’s imports and exports, as well as import, export and GDP price deflators.
The GDP price deflator is stripped of the effects of import price changes and has export price
changes added on. This gives a GNE deflator. By adding back import changes and removing
export changes proportionally to their impor tance in a given state gives a state GSP deflator.
State nominal GSP is then calculated using the state deflator, and normalised to ensure the
state values sum to the national forecast for nominal GDP.
State interim unemployment is calculated by altering the rate of national unemployment
growth to account for changes in labour force and employment in each state. The formula
ensures that states with higher employment growth, and lower population growth, have lower
unemployment growth. These figures are also normalised to sum to the national forecast,
providing final state unemployment estimates.

6.2.

Modeling the state budge t

The main analytical focus of the modeling is the State non-financial public sector as a whole
(the “State sector”). However, Access Economics analyses the fiscal performance and
position of the State sector for each State by distinguishing the contributions made by the two
component sectors, namely:
•

the general government sector (“GG sector”) – comprising the units of government
mainly engaged in the provision of goods and services free of charge or at nominal charge
well below the cost of production and mainly funded from taxation revenues ; and
16
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the public non-financial corporation sector (“PNFC sector”, previously public trading
enterprises (PTEs)) – comprising the government-owned businesses mainly engaged in
the production of goods and services of a non-financial nature for sale in the market place
at economically significant prices.

The GG sector is the sector over which individual state governments exercise direct control.
Control over the PNFC sector is indirect, exercised mainly in a manner akin to a controlling
shareholder.
In compiling the sector statistics, transactions and debtor -creditor relationships between the
two component sectors are eliminated to avoid double counting.
The State sector excludes all public financial corporations (PFCs). Central borrowing
authorities are classified as being in the public financial sector and so are outside the State
sector.
The State Budget modelling undertaken by Access Economics now also focuses on the
accruals-based government finance statistics (GFS) series being published by State
governments and the Australian Bureau of Statistics (ABS). This replaced the cash-based
methodology used previously. The accruals methodology changes the timing of a number of
transactions, and limits the ability of State s to move these transactions from year to year
without reasonable justification. The main aggregates determined under the accruals
methodology do not differ significantly from earlier cash based calculations – it is usually in
the detail that differences a ppear.
In the statistical series provided under the new GFS guidelines, four indicators of a
government “fiscal balance” are provided, namely:
•

the net operating balance : an accruals-based measure of the operating (or current)
balance;

•

the net cash flow fro m operations : a cash-based measure of the operating balance;

•

the net lending(+)/borrowing(-): an accruals -based measure of the overall fiscal balance;
and

•

the cash surplus(+)/deficit(-): a cash-based measure of the overall fiscal balance.

Access Economics adds two indicators to this list:
•

the underlying cash deficit(+)/surplus(-): the cash-based measure of the overall fiscal
balance but using the previous sign convention; and

•

the net borrowing requirement(+)/repayment(-) : which measures the change in net
debt as a consequence of annual financial transactions.

While the sign convention in State Budget Monitor are as shown above, for the Methanex
analysis the reverse has been used to maintain the convention that a positive outcome means
an improvement in the Budget conditions in Western Australia.
The use of all indicators will invariably lead to confusion. Moreover, discretion as to the use
of indicator will lead to a temptation for some to choose the indicator(s) which put a State
17
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government in the best (or worst) light. We prefer to make a transparent choice up front, and
have opted to use the ‘net operating balance’ indicator largely on pragmatic grounds: the
States provide a more detailed breakdown of their income and expenses items than they do of
their cash operating revenues and cash operating payments items, which therefore provides a
stronger basis for forecasting. The ‘net operating balance’ is described as the ‘headline
Budget balance’ in the tables.
The overall fiscal balance (or ‘underlying Budget balance’) is generally calculated by one of
two means. One is an accruals-based measure (the ‘net lending/borrowing’ indicator) while
the others are cash-based measures (the ‘overall surplus/deficit’, its obverse the ‘underlying
cash deficit’ and the ‘net borrowing requirement’).
The Commonwealth Treasury (“Fiscal Policy Under Accrual Accounting”, April 1999) has
stated that:
“The two measures will differ due to differences between accrual transactions and cash flows.
In the medium-term both should indicate a similar fiscal stance and hence government
contribution to the external current account deficit. …
Nevertheless, the two fiscal indicators will diverge in the short-term.
The [net
lending/borrowing indicator of the] fiscal balance will detect non-monetary effects, such as
increases in accruing superannuation entitlements which would be ignored by the underlying
cash balance. Conversely, the underlying cash balance will detect cash transactions such as
superannuation payouts (outlays), that do not effect the fiscal balance. Neither indicator will
perfectly detect demand effects. …Both indicators … will need to be observed in reaching
conclusions about the demand effect of the fiscal stance.” (p.12)

For the purposes of this analysis the difference to the baseline of the Methanex core project
under the two measures are identical, and both are labelled as ‘underlying Budget balance’ in
the tables.
The final aggregate value (Net debt) changes with the underlying Budget balance in each
year. Overall changes to net debt therefore, are the aggregate changes to the underlying
Budget balance. Of course, a change in net debt in one year will also affect later underlying
deficits or surpluses, mainly through changes to interest payments on debts. While (in
nominal terms, rather than the real terms reported above) net debt is roughly $222 million
lower by 2029-30, this roughly matches the lower interest repayments required over the
period.
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1. Executive Summary
Methanex has commissioned Access Economics to assess the national and Western Australian
economic impacts of the proposed methanol project using gas from the North West Shelf. We
have done this using national and state modules of the Access Economics’ AE-MACRO
model of the Austr alian economy.
This report contains our assessment of the national economic and budgetary impacts.
Western Australian impacts are explored in a supplementary report 1.
The project
The core methanol project considered in this report comprises the methanol plant, together
with upstream developments by the North West Shelf Consortium to supply the natural gas
input, and port and other infrastructure developments associated with the project. Additional
downstream developments may be stimulated by the success of the Methanex project. Their
impacts are considered separately below.
Key statistics for the core project, as modeled in this study, include:
•

total capital expenditure in excess of A$2 billion between 2003 and 2008. Construction of
the methanol plant will provide employment for around 1,000 on-site construction
employees for most of that time;

•

annual production of 2.1 million tonnes of methanol from 20062, rising to 4.2 million
tonnes from 2009 with the completion of the second production train. The mode lling
horizon extends to 2030. Each train will use approximately 70 PJ of natural gas annually;

•

a direct contribution to the balance of payments from methanol exports and import
replacement of A$460 million from 2006, and A$940 million from 2009;

•

direct employment at the methanol plant of approximately 150 people;

•

additional tax and royalty payments to governments estimated at some $4.0 billion (in
today’s prices) over the life of the project, under current tax arrangements. In net present
value terms this comes to $2.0 billion at a 5 percent real discount rate.
Modeling results

According to our modeling, the core methanol project would generate substantial positive
economic impacts.
During the initial investment phase (between 2003 and 2008):
•

the project’s investment temporarily raises aggregate demand economy-wide. There is
some leakage to imports, and an increase in output and employment;

1

Access Economics, The Western Australian economic impact of the Methanex methanol project ,
Supplementary report to Methanex Australia Pty Ltd, Canberra, December 2001
2

Project start -up is in 2005, but the analysis commences based on the first full year of operation in 2006.

2

National report: December 2001

Access Economics

•

GDP increases by $480 million (at today’s prices 3) in the year 2005, and employment by
5,700. Private consumption is over $200 million higher at this point;

•

the increases in GDP and consumption are still larger at the end of this period since the
first train is now producing, while the second is being built.

•

there is a rise in inflation and interest rates, but these are falling again by the end of the
period.

During full operation (from 2009 onwards):
•

the project causes a substantial increase in gross domestic product and exports. This in
turn allows an increase in imports. The economy benefits also from accelerated
exploitation of North West Shelf gas resources;

•

the project raises government revenues, allowing a cut in personal income taxes. Higher
consumer demand reflects in higher imports, but also an increase in Australian production
and employment;

•

between 2009 and 2020, annual GDP is on average $1,050 million (at today’s prices)
above the level in a world without the project. The net present value of the increase in
GDP is $11.4 billion at a 5 per cent real discount rate. Private consumption is some
$620 million higher. Employment is up, on average, by some 2,700;

•

in the project as modeled, the North West Shelf consortium contributes less to exports and
government revenues from about 2020 onwards as gas and condensate production fall
below the levels in the baseline. This in turn reflects in a weaker overall stimulus to GDP,
employment and private consumption.
Impacts on public sector finances and Australian economic welfare

Key measures of the core methanol project’s potential contribution to the Australian economy
are its overall impacts on overall public sector finances, the Commonwealth budget and on
economic welfare.
We measure the overall impact on public sector finances as the sum of the model’s estimates
of additional public sector revenues, plus the revenue foregone through income tax cuts:
•

on this definition, the net present value of the impact on overall public sector finances is
an estimated $3.3 billion in 2001 at a real discount rate of 5 percent;

•

using a similar definition of net impact, the ne t present value of the impact on
Commonwealth budget finances is an estimated $1.8 billion in 2001 at a real discount rate
of 5 percent.

3

Throughout the report and analysis, “today’s prices” are defined as being in dollars of 1999/00. This year is
used as a base because it is the year in terms of which constant price series of the Australian National Accounts
are expressed.
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In AE-MACRO the best measures of the project’s overall impact on economic welfare are:
A. the increase in annual flows of private consumption and public sector final expenditures
that it allows, and
B. the increase in public and private sector wealth at the end of the simulation period. [This
is the best available indicator of the possible impact beyond that date.]
As modeled, in net present value terms, the welfare impact is mainly on the private sector.
•

At a real discount rate of 5 percent the project improves Australian economic welfare by
an estimated $8.3 billion (net present value in 2001).
Potential for additional downstream development

Once the Methanex deal goes ahead it is expected that other world scale gas feedstock
customers will be more likely to be attracted to the Burrup Peninsula than would otherwise be
the case. The portfolio of additional customers for North West Shelf feedstock gas is
understood to include customers each with gas demand in the range of 90 - 500 TJ/d.
Methanex’ investment is expected to lead to an increased probability of each of these
developments going ahead, such that the total expected gas demand is increased by around
100 TJ/d.
•

The additional expected macro benefits above the base analysis have not been explicitly
modeled, but are likely to be about one quarter of those estimated for the core methanol
project (which will use about four times the amount of gas).

•

Based on the modeling of the core methanol project, this could mean an expected
additional annual $250 million of GDP, annual $130 million of private consumption, and
national employment of 700 persons during the project(s)’ ope ration. As a rough
indication, the net present values of the increases in Commonwealth budget finances and
GDP could be of the order of $450 million and $2.8 billion respectively.
Conclusion

As modeled, the core project comprising Methanex’ proposed Western Australian methanol
plant, associated infrastructure development, and the expansion of natural gas supply by the
North West Shelf Consortium would have a substantial positive impact on:
•

exports, GDP, employment and private consumption;

•

public sector finances and the Commonwealth budget; and on

•

Australian economic welfare.

The impacts would be higher were full account taken of investment in additional gas supply,
and the expected stimulus to other large scale gas -based industrial developments.
Access Economics
December 2001
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2. Introduction
Methanex has commissioned Access Economics to assess the national and Western Australian
economic impacts of the proposed methanol project using gas from the North West Shelf.
This report contains our assessment of the national economic and budgetary impacts.
Western Australian impacts are explored in a supplementary report 4.

2.1.

The project

Core methanol project
The core project considered in this report comprises the methanol plant, together with
upstream developments by the North West Shelf Consortium to supply the natural gas input,
and port and other infrastructure developments associated with the project.
The methanol project will convert natural gas from the North West Shelf into methanol, using
a catalytic process. T he plant will be located on the Burrup Peninsula in the Pilbara region.
There will be two production trains, each with annual methanol capacity of 2.1 million tonnes,
coming on stream in 2006 and 2009. The modelling horizon extends to 2030. Each train w ill
use approximately 70 PJ of natural gas annually.
The methanol will primarily be exported to Asia. A small proportion of production (3 percent
initially) will replace imports in the Australian market. There will be a substantial positive
impact on the balance of payments.
The initial investment will be in excess of $2 billion spread over the period 2003 to 2008.
There will be work for around 1,000 on-site construction employees for most of that time.
During operation the plant will directly employ approximately 150 persons. There will be
additional employment for subcontractors.
The North West Shelf Consortium advises that it will invest an additional $A100 million
between 2003 and 2008 to expand natural gas production. Other capital costs to explo it the
natural gas reserves will also be incurred earlier than would otherwise be the case. Supply to
the methanol project will bring forward production of condensate (for export) and the
payment of royalties to the Commonwealth and Western Australian governments. This raises
export income and tax payments in the next 20 years. In the latter part of the period (beyond
2020), the consortium’s reserves become depleted. Gas and condensate sales from the
consortium’s resources, and tax and royalty payments, are then lower than might otherwise
have been the case.
The methanol project will also require investment in infrastructure for channel dredging,
provision of methanol loading berths, seawater supply and desalination, and access roads and
service corridors.
In addition to the direct impacts on net exports and employment, Methanex and the North
West Shelf will have ongoing local operational expenditures. There will also be substantial
payments of company tax and natural gas royalties to the Commonwealth. In the case of the
4

Access Economics, The Western Australian economic impact of the Methanex methanol project ,
Supplementary report to Methanex Australia Pty Ltd, Canberra, December 2001
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North West Shelf Consortium, these payments will be partly a bringing forward of a revenue
stream. For the methanol plant, tax payments would not eventuate unless the investment
proceeds.
Potential for downstream economic development
The core methanol project is a conservative approach to the estimation of economic benefits.
It makes limited allowance for the stimulus that the methanol project will give to the
development of new offshore gas reserves to replace those committed by the North West
Shelf; and no allowance for possible development of other gas -based industrial plants in the
Pilbara.
The North West Shelf is an attractive location for large-scale gas customers including gas-toliquids, petrochemical and mineral processing/refining plants. Over the medium term it is
likely that some of these projects will come to fruition, attracted to the vicinity of the Burrup
Peninsula by the supply of competitively priced feedstock gas and infrastructure.
Once the Methanex deal goes ahead ti is expected that other world scale gas feedstock
customers will be more likely to be attracted to the Burrup Peninsula than would otherwise be
the case. They will see Methanex’ investment as a catalyst to providing a business,
infrastructure, regulatory and gas supply environment conducive to world scale industrial
development. Any of these developments would require the investment of many hundreds of
millions of dollars and generate many hundreds of construction jobs, substantial export or
import replacement revenues and taxes.
The portfolio of additional customers for North West Shelf feedstock gas is understood to
include customers each with gas demand in the range of 90 - 500 TJ/d. Methanex’ investment
is expected to lead to an increased probability of each of these developments going ahead,
such that the total expected gas demand is increased by around 100 TJ/d by around 2010 (i.e.
equivalent to a new feedstock gas customer using 100 TJ/d due to the presence of Methanex).
The additional expected macro benefits above the base analysis have not been explicitly
modeled, but are likely to be about one quarter of those estimated for the core methanol
project (which will use about four times the amount of gas).
•

Based on the modeling of the core methanol pr oject, his could mean an expected
additional annual $250 million of GDP, annual $130 million of private consumption, and
national employment of 700 persons during the project(s)’ operation. As a rough
indication, the net present values of the increases in Commonwealth budget finances and
GDP could be of the order of $450 million and $2.8 billion respectively.

2.2.

Modeling approach

We have analysed the national economic impacts of the project using Access Economics
AE-MACRO macroeconomic model of the Australian economy.
AE-MACRO is a relatively small dynamic model of the Australian economy. It was
developed in 1992 by Access Economics, and is based on standard modeling practice. It has a
stable long-term growth path that accords with neoclassical economic theory, together with
short-term dynamics derived from Australian economic experience over the past 25 years.
6
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The analysis involves comparing two long-term simulations of the AE-MACRO model. The
first (“No change” scenario) is a standard long-run projection, based on Access Economics
assumptions about trends in major economic variables. In the second, we take the model used
in the standard projection and add the methanol project. The difference between the two
simulations provides an indication of the likely macroeconomic impact of the project.
Methanex and the North West Shelf Consortium provided most of the necessary data for the
project, including projections of production and input quantities, capital and current
expenditures, and financing. Access Ec onomics has adjusted this data to fit its own long-term
projections of inflation and exchange rates, but has not sought otherwise to verify the data
provided.
One important area where Access Economics has relied on its own judgements concerns the
prices of methanol, natural gas and condensate byproduct.
For reasons of commercial confidentiality, Methanex did not provide us with a projection of
the Australian methanol export price. They did provide consultants’ reports analysing price
trends in the US methanol market, together with indications of the likely relationship to Asian
prices and of transport costs from the Pilbara to Asian destinations. Based on these
indications, and on our own projections of the $US/$A exchange rate, we have derived an
Australian export price for methanol. This price is based on a projected US methanol price
that is constant at $US140 per tonne up till 2010 and then escalates at the projected US
general inflation rate.
For natural gas sold to Methanex, we have relied on an indicative pricing formula that allows
for price escalation. In relation to this price, we note that higher prices (lower profits) to
Methanex would translate directly to higher revenues (higher profits) to the consortium. As a
result varying this formula would mostly have little net effect on the economic impacts
computed by the model (though it would have some impact on projected royalty payments by
the consortium).
For condensate exported by the consortium, we have assumed that the price is fixed in $US
terms until 2010 and then escalates in line with US inflation. Similarly, for natural gas
purchased by the consortium beyond 2020 to supplement dwindling North West Shelf
reserves, we have assumed that the price escalates in line with the US inflation.
The results reported in this paper are a projection, on the assumption that past economic
trends and current policies continue. The results are conditional on the numerous assumptions
required in the modeling. They represent a potential outcome, rather than an exact forecast of
the long-term behaviour of the economy. Further details are of the modeling approach are
given in Appendix A.
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3. Results of the modeling
Key results of the modeling are summarised in the following charts.

Chart 1. Methanol core project: impact on investment
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Direct impacts

The project’s main direct impacts on the macroeconomy are on business investment, exports
and Commonwealth tax revenues. As shown in Chart 1, the project provides a substantial
boost to overall business investment between 2003 and 2008. The two peaks correspond to
successive waves of investment in each of the two production trains and associated gas supply
capacity and infrastructure. Project inves tment dominates the overall investment response in
the economy.
Once the project begins production, there is a substantial sustained impact on the level of
exports. There is some evidence of slight crowding out of other export activity. (Chart 2).
There is also a small net impact on imports as existing methanol imports are displaced.
The exports include both methanol and additional condensate from the North West Shelf.
Beyond about 2020 the net impact on exports declines because production from the North
West Shelf is lower than in the “business as usual” scenario. The replacement gas field
notionally used as a source of gas is assumed to have a lower condensate ratio than the
existing fields.
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Chart 2. Methanol core project: impact on exports
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Flow-on impacts

3.2.1. Investment and initial production: 2003 to 2008
The project’s investment raises aggregate demand economy-wide. There is some leakage to
imports, and an increase in output and employment.
As expenditure on the first production train reaches its peak in 2005, GDP increases by
$480 million (at today’s prices) (Chart 3), and employment by 5,700. Private consumption is
over $200 million higher at this point, reflecting higher wage incomes (Chart 5).
Higher aggregate demand leads to a $400 million increase in imports in the year 2004, and a
$320 million deterioration in the trade balance (at today’s prices ).
The sharp rise in total demand leads to a temporary increase in inflation. The government
responds by raising short-term interest rates (Chart 6). This in turn causes the exchange rate
to appreciate (Chart 7), stimulating imports and reducing interest-sensitive components of
demand such as dwelling investment.
GDP increases further in 2006, as the first train begins production while investment in the
second train takes off. Domestic final demand reaches a peak in 2008, some $860 million
above the level in the world without the project. Demand pressures raise inflation to a peak in
2006 (Chart 6), while interest rates are at their tightest in 2007 – bringing inflation rapidly
under control.
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Chart 3. Methanol core project: impact on Gross Domestic Product
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Chart 4. Methanol core project: impact on the balance of payments
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Chart 5. Methanol core project: private consumption and imports
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Chart 6. Methanol core project: inflation and interest rates
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Chart 7. Methanol core project: exchange rate and price levels
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3.2.2. Full operation: 2009 to 2030
The methanol plant reaches full operation in 2009 and produces at a constant level. Operation
leads to a substantial increase in gross domestic product and exports. There is some offsetting
outflow in the invisibles’ account of the balance of payments to pay dividends. However, the
project’s overall impact on the balance of payments is strongly positive.
The real exchange rate increases (Chart 7), leading to an improvement in the competitiveness
of imports relative to domestic production. Imports rise, rapidly restoring the current account
to balance. (Chart 5). The imports flow mainly into higher private consumption (Chart 4).
The project raises government revenues, allowing a cut in personal income taxes. Higher
consumer demand reflects in higher imports, but also an increase in Australian production and
employment.
Between 2009 and 2020, annual GDP is on average $1,050 million (at today’s prices) above
the level in a world without the project. Private consumption is some $620 million higher.
Employment is up, on average, by some 2,700.
Higher demand and activity leads to some increase in inflation. The government counters this
be raising short term interest rates, which in turn raises the exchange rate. Inflation on
average is some 0.02 percentage points higher over the period from 2009 to 2020.
In the project as modeled, the North West Shelf consortium contributes less to exports and
government revenues from about 2020 onwards. This in turn reflects in a weaker overall
stimulus to GDP, employment and private consumption.
Over the full life of the project the net present values in 2001 of the increase in GDP are as
follows:
12
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Net present value in
2001 of increase in
GDP
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3 percent

5 percent

7 percent

$15.1 billion

$11.4 billion

$8.9 billion

4. Overall impacts on public sector finances and economic
welfare
Key elements of the methanol project’s potential contribution to the Australian economy are
via its overall impacts on overall public sector finances, the Commonwealth budget and on
national economic welfare. We consider these in the following sections.

4.1.

Impact on overall public sector finances

The project and the additional economic growth it stimulates generate substantial additional
revenue for governments. The Australian public sector includes:
•

the Commonwealth budget sector

•

the combined state/territory budget sectors

•

Commonwealth and state/territory off -budget authorities

•

local government

This section considers the impact on the public sector as a whole.
4.1.1. Core methanol project’s direct contribution
The core methanol project itself is projected to make additional tax and royalty payments to
governments estimated at some $4.1 billion (in today’s prices) over the life of the project,
under current tax arrangements. In net present value terms this comes to $2.0 billion at a
5 percent real discount rate (and $2.6 billion and $1.6 billion at real discount rates of 3 percent
and 7 percent respectively).
The largest contribution is in the form of additional company tax paid to the Commonwealth.
4.1.2. Core methanol project’s overall impact
Governments are assumed to respond to increased revenues from the project and the
additional growth stimulated by it. They do this by increasing expenditures in line with the
growth in the economy, and reducing the average personal income tax rate to keep the ratio of
public debt to GDP from falling too rapidly. Income tax reductions in turn stimulate further
growth.
Table 1 summarises these impacts as net present values in $ million in 2001, for a variety of
real discount rates.
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Table 1. Methanol core project: Impact on public sector finances
Net present values over the period 2001 to 2030

Total public sector

3%

Real discount rate
5%

7%

1999-00 $ million

Additional expenditure plus
Net lending
equals
Revenue increase
plus
Revenue foregone through tax cut
equals
Total public sector gains

1,760
-700

1,360
-580

1,070
-470

1,060

780

600

3,080

2,540

2,190

4,140

3,320

2,790

The overall public sector gain is defined as the sum of additional revenue actually received,
together with that foregone through the tax cut. This in turn equals the sum of additional
expenditure by governments and their additional net lending to other sectors of the economy.
This latter item is negative in Table 1, indicating that the projected tax cut runs ahead of the
additional revenue less additional expenditure.
At a discount rate of 5 percent in real terms, the project generates a positive contribution of
$3.3 billion.

4.2.

Impact on the Commonwealth Budget

The impacts of the project on the Commonwealth budget can also be isolated. The
Commonwealth receives direct company tax and some royalty payments as a result of the
project. Commonwealth tax receipts also benefit from the increased economic activity the
project generates, while there is reduced cyclical expenditure on the likes of unemployment
benefits.
Recorded budget revenues decline given the induced income tax cut which arises as a reaction
to the revenue growth the project creates. However, adding back the tax revenue foregone via
the income tax cut shows the solid Budget gains which would accrue to the Commonwealth.
Table 2 summarises these impacts as in 2001 in $ million, for a variety of real discount rates.
The total Commonwealth budget gains are defined in the same way as in Table 1. At a real
discount rate of 5 percent the net present value of overall Commonwealth budget gains is
projected at some $1.8 billion.
Further details on the impacts on Commonwealth revenue and expenditure items are provided
in the Appendix.
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Table 2. Methanol core project: impact on Commonwealth budget
Net present values over the period 2001 to 2030

Commonwealth Budget

3%

Real discount rate
5%

7%

1999-00 $ million

Additional expenditure plus

960

700

520

Net lending (Budget balance)
equals

-1,820

-1,410

-1,100

Revenue increase
plus

-860

-710

-580

Revenue foregone through tax cut
equals

3,080

2,540

2,190

Total Commonwealth Budget gains

2,220

1,830

1,610

4.3.

Impact on Australian economic welfare

In AE-MACRO the be st measures of the project’s overall impact on economic welfare are:
A. the increase in annual flows of private consumption and public sector final expenditures
that it allows, and
B. the increase in public and private sector wealth at the end of the simulation period. [This
is the best available indicator of the possible impact beyond that date.]
To compare these welfare impacts, that occur at different points in time, we convert them into
net present values by summing and discounting back to the present. Table 3 shows the result.

Table 3. Methanol core project, impacts on Australian economic welfare
Net present values over the period 2001 to 2030

Real discount rate
3%
5%
7%
1999-00 $ million

Private sector
consumption + increase in wealth in 2030

9,410

6,780

5,020

2,260

1,570

1,140

11,670

8,350

6,160

Public sector
expenditure + increase in wealth in 2030

Total economic benefit
private + public
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According to AE-MACRO the welfare impact is mainly on the private sector. At a real
discount rate of 5 percent the project improves Australian economic welfare by an estimated
$8.3 billion in net present value terms. The estimates vary as the discount rate is raised or
lowered.

4.4.

Conclusion

As modeled, the methanol core project (comprising the methanol plant and associated
infrastructure, plus upstream development by the North West Shelf Consortium) would have a
substantial positive impact on:
•

exports, GDP, private consumption and employment;

•

public sector finances; and on

•

Australian economic welfare.

The impacts would be higher were full account taken of investment in additional gas supply,
and the expected stimulus to other large scale gas -based industrial developments.
Access Economics
December 2001
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5. Appendix A. Application of the AE-MACRO Model
5.1.

Introduction

AE-MACRO is a relatively small dynamic model of the Australian economy (with 16
stochastic equations − 84 behavioural and accounting identities). It was developed in 1992 by
Access Economics, and is based on standard modeling practice. It has a theoreticallyconsistent long-term open-economy growth path, together with short-term dynamics derived
from Australian economic experience over the past 20 years.
AE-MACRO is a ‘new Keynesian’ model with neoclassical long run properties. It features:
•

a deregulated financial sector, with a floating exchange rate and market-determined bond
rate;

•

an integrated treatment of the investment, jobs, production, importing, exporting and
pricing decisions of firms;

•

it is data consistent - most of the model’s parameters are estimated using quarterly data
extending from 1976 to the present. Special attention is paid to dynamics and diagnostic
testing.

The model incorporates the current changes to indirect tax arrangements, but makes no
allowance for possible changes to business taxation stemming from the current review.
A complete description of AE-MACRO and its properties is contained in The AEM in Detail:
A Manual, Access Economics, Canberra, 1998.
The predominant use of the model is as an aid to forecasting and policy analysis. Its record in
this is excellent − though in our experience, substantial elements of judgement are required in
any short-term practical application, given the extensive structural changes in Australia in
recent years, and the degree of “noise” in the short-term statistical data.
The model has also been used to assess the long-term macroeconomic impact of major
investment projects. We would in no way claim that a model such as AE-MACRO could
reliably predict the future course of the Australian economy over a 35-year horizon. Rather,
the purpose of such applications is to explore the possible medium-term macroeconomic
impact of the exogenous shocks to investment, exports and tax receipts provided by the
project, measured as deviations from a control simula tion about the model’s long-run growth
path. The focus of the analysis is the aggregate economic response over periods from one to
ten years, rather than on the long-run growth path of the overall economy.
Simulations using AE-MACRO help throw light on the possible economic impacts of the
project. They can also throw light on the validity of the employment impacts generated by
input-output multiplier analysis.
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Modeling the methanol project

The AE-MACRO model needs modifying to cover the longer time horizon, and to include the
methanol project. The changes include:
•

extending the time horizon of the model and of the exogenous variables (growth of
population, productivity and some expenditure aggregates and policy parameters, as well
as foreign interest rates, inflation rates etc.);

•

aggregating the results from quarterly to calendar years;

•

modifying the equations for business investment, exports and imports, together with the
identities for employment, private wealth, public debt, net foreign assets and the net
income balance of the current account, to accommodate the project. We also derived
some supplementary equations to generate project aggregates, such as tax payments.

For the purposes of the modelling, we have defined the core methanol project to include:
•

Methanex’ Pilbara methanol project;

•

the incremental impact on the North West Shelf consortium of expansion of natural gas
supply to supply the methanol plant;

•

additional infrastructure investment in the Pilbara required to support the methanol
project.

In modeling the core methanol project we have made the following assumptions:
1. the product is sold mostly to Asia at prices that relate to the projected US price of
methanol, less the cost of transporting the product from the Pilbara. The US methanol
price is assumed to be constant at $US 140 per tonne until 2010. It then rises in line with
the projected US inflation rate. The small volume of domestic methanol sales is valued at
the export price (noting that any mark-up for coastal freight costs from the Pilbara would
likely be offset by an equivalent coastal shipping import, resulting in no net impact on the
balance of payments);
2. for natural gas sold to Methanex, we have relied on an indicative pricing formula that
allows for price escalation. In relation to this price, we note that higher prices (lower
profits) to Methanex would translate directly to higher revenues (higher profits) to the
consortium. As a result varying this formula would have mostly have little net impact on
the economic impacts computed by the model (though it would have some impact on
projected royalty payments by the consortium);
3. for condensate exported by the NWS consortium, we have assumed that the price is fixed
in $US terms until 2010 and then escalates in line with US inflation. Similarly, for natural
gas purchased by the consortium beyond 2020 to supplement dwindling North West Shelf
reserves, we have assumed that the price escalates in line with the US inflation;
4. labour costs and other operating expenditures are constant or declining in real $A terms,
depending on the source of the item and assumptions about productivity improvements;
5. the expansion in natural gas production from the North West Shelf means that some gas is
purchased from other suppliers from about 2020 onwards to supplement the resource
available from consortium’s resources. The cost of this gas is represented as a generalised
18
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resource cost to the economy. There is no specific representation of the investment and
operational impacts of this gas supply. However some adjustment is made for the flows
of condensate revenues, profits and company tax from this alternative supply. There is
assumed to be a lower yield of condensate from the alternative supply than from the
present NWS supply;
6. the progressive depletion of the consortium’s North West Shelf reserves means that,
towards the end of the period, production of condensate and natural gas is lower than it
would have been in the absence of the methanol project. The difference in sales is
represented in the model as a reduction in exports. It is of course likely that alternative
large scale gas supplies would be developed. This is not explicitly represented in the
model. However some adjustment is made for the flows of condensate revenues, profits
and compa ny tax that may flow from this alternative supply;
7. there is a full representation (within the limits of the model) of the project’s financing and
use of funds. The methanol project itself is wholly foreign owned and assumed to be
financed by equity. All cash surpluses are distributed as dividends. The North West Shelf
consortium is assumed to be nearly 90 percent foreign owned. Its initial negative
incremental cash flow is assumed to be financed by debt;
8. no allowance is made for the value of residual assets at the end of the simulation period in
2030;
9. no assistance or tax concessions by Commonwealth or state governments are assumed in
the projections.

5.3.

Economic assumptions

Beyond Access Economics’ normal five-year forecasting horizon 5, we assume that the
Australian and international economies develop along steady long-run paths. Key long-run
economic assumptions underlying our analyses are shown in Table 4.

Table 4. Long run economic assumptions
Growth rates
Percent per annum

5

Australia
Working age population
Labour productivity
Real GDP
Inflation

0.3
1.3
2.2
2.3

United States
Inflation
10-year bond yield (level)

2.3
5.0

Access Economics, Five Year Business Outlook, Canberra, published quarterly
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These assumptions are stylised. They do not make allowances for specific disturbances that
will affect the Australian and world economies in coming decades. There is an implicit
assumption that governments will follow sound fiscal and monetary policies, and that current
views on policy objectives (e.g. for inflation) will continue. The future will no doubt deviate
from the stylised assumptions in ways that are difficult to predict.

5.4.

Application to the core methanol project

Further results from introducing the core methanol project as an exogenous shock to the AEMACRO model are summarised in the following tables.
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Table 5. Methanol core project: macroeconomic impacts
Deviations from baseline simulation levels
2003-08

2009-15

2016-20

2021-25

2026-30

(Real terms; percentage deviation)

Aggregate expenditures:
Household disosable income

0.05%

0.10%

0.09%

0.03%

0.01%

Private consumption

0.04%

0.10%

0.11%

0.08%

0.05%

Business investment

0.35%

0.03%

0.01%

0.02%

0.01%

Public final demand

0.05%

0.05%

0.06%

0.04%

0.02%

Domestic final demand

0.07%

0.08%

0.09%

0.06%

0.04%

Exports

0.12%

0.28%

0.23%

0.14%

0.10%

Imports

0.16%

0.17%

0.16%

0.10%

0.06%

GDP

0.07%

0.11%

0.11%

0.08%

0.06%

(Number; thousands)

Employment

4.2

3.0

2.4

0.6

-0.7

(Percentage deviation)

Employment

0.04%

0.03%

0.02%

0.01%

-0.01%

Price level

0.07%

0.24%

0.36%

0.42%

0.41%

Nominal wage rate

0.06%

0.21%

0.34%

0.40%

0.41%

Inflation rate

0.03%

0.02%

0.02%

0.01%

0.00%

Prices & wages:

Interest rate, tax rate & exchange rate:
Interest rate (Bill rate)

0.03%

0.03%

0.03%

0.00%

-0.01%

Income tax rate

-0.02%

-0.08%

-0.06%

-0.01%

0.00%

Exchange rate (TWI)

0.03%

-0.03%

-0.18%

-0.28%

-0.31%

(Ratio to nominal GDP; percentage points)
0.00%

0.01%

0.01%

-0.01%

-0.01%

Trade balance

-0.01%

0.03%

0.02%

0.02%

0.02%

Current account balance

-0.01%

0.01%

0.00%

0.00%

0.00%

Public sector borrowing
Balance of payments:

Note: Interest rate, inflation rate and tax rate deviations expressed in percentage points
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Table 6. Core methanol project: macroeconomic impacts

2003-08

2009-15

2016-20

2021-25

2026-30

Annual averages (1999-00 $ million)
Household disposable income

258

647

661

235

77

Private consumption

171

549

728

527

382

Business Investment

312

25

16

20

16

Public final demand

80

105

135

95

71

Domestic final demand

568

759

959

701

505

Exports

222

692

765

601

533

Imports

-303

-476

-547

-402

-309

GDP

506

975

1175

895

726

Public sector borrowing

-24

148

196

-87

-117

Current account balance

-64

-342

-257

243

243

22

35
19
96
15
130
7
-71
74
-62
-11
0.8

Household disposable income

Private consumption

Business Investment

Public final demand

Domestic final demand

Exports

Imports

GDP

Balance of trade

Public sector borrowing

Employment (thousands)

2003

4.3

-53

-326

395

-395

44

701

80

505

118

193

2004

5.7

55

-223

477

-322

65

703

98

411

208

290

2005

4.2

-60

360

638

-94

425

324

82

86

162

246

2006

4.5

-46

-10

655

-450

396

695

87

399

193

319

2007

5.7

-32

-31

796

-487

398

857

116

376

325

468

2009

2010

4.4

-51

534

1031

-291

748

576

116

26

370

490

2.4

53

337

827

-398

669

563

76

33

387

501

1999-00 $ million

2008

Table 7. Methanol core project: annual deviations caused by the project
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2.2

115

258

835

-447

638

644

79

35

458

573

2011

2.7

167

216

918

-520

649

783

97

30

559

660

2012

3.1

220

204

1010

-566

682

887

116

22

648

738

2013

3.2

255

233

1084

-559

719

923

125

15

701

780

2014

2.9

275

246

1122

-551

738

937

128

13

724

785

2015

2.9

271

247

1168

-561

761

970

134

14

741

771

2016
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740
752
15
141
997
781
-572
1206
244
247
2.8

Household disposable income

Private consumption

Business Investment

Public final demand

Domestic final demand

Exports

Imports

GDP

Balance of trade

Public sector borrowing

Employment (thousands)

2017

2.6

205

254

1218

-561

792

990

142

16

748

684

2018

2.2

143

273

1210

-537

796

955

139

17

726

606

2019

1.5

111

185

1071

-505

698

883

119

20

675

504

2020

1.2

33

210

1046

-469

690

830

113

20

625

406

2021

1.1

-55

238

1032

-456

698

794

113

22

593

321

2023

2024

0.5

-82

103

826

-404

542

693

88

22

525

226

0.0

-146

165

794

-343

534

610

80

19

460

140

1999-00 $ million

2022

Table 8. Methanol core project: annual deviations caused by the project
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0.0

-186

193

775

-340

542

577

79

20

434

84

2025

-0.2

-191

202

751

-323

538

542

76

18

406

55

2026

-0.5

-172

218

729

-306

532

507

72

17

381

45

2027

-0.7

-131

224

716

-301

530

491

69

15

370

58

2028

-0.9

-77

225

713

-303

531

487

68

14

372

90

2029

-0.9

-14

220

719

-313

536

499

69

13

384

136

2030

Access Economics
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Commonwealth Budget impacts

The impacts on the Commonwealth Budget of the project were analysed within the
framework used for Access Economics’ Commonwealth Budget Monitor publication.
Commonwealth Budget Monitor operates over a four year forecasting horizon and has a well
known track record for accurately assessing the Commonwealth budgetary position and
outlook.
For the purposes of analysing the project Access’ standard short term Budget forecasting
horizon to 2003-04 has been maintained. Longer ter m projections have been established
using relevant relationships to macroeconomic variables for major revenue and expenditure
items. The forecasts assume indexation of tax brackets on average beyond 2003-04 i.e. the
revenue benefits of fiscal drag for the Budget are not included.
Deviations in key Budgetary items as a result of the project are shown in Table 9. It shows
that the project produces significant gains for the Commonwealth Budget over time.

Table 9. Methanol core project Commonwealth Budget impacts
Deviations from baseline simulation levels
2003-08

2009-15

2016-20

2021-25

2026-30

Annual averages (1999-00 $ million)
Individuals income tax

-24

-327

-313

-75

-1

Company taxes

24

94

115

95

81

Excises and sales tax

7

23

39

25

19

Customs duty

3

-3

-2

-5

-8

Other taxes and revenue

10

22

26

20

16

Total revenue

20

-191

-135

61

107

Total expenditure

18

38

120

80

48

Recorded Budget balance

2

-229

-254

-19

58

Revenue foregone through tax cut

66

334

292

60

12

Total Commonwealth Budget gains

86

143

157

122

119

Access Economics’ modelling of the project assumes a stability function whereby the public
sector budget (not just the Commonwealth) is restored to balance over the long term. The
mechanism to achieve this is via movements in the rate of income tax – that is: public sector
surpluses are given back in the form of income tax cuts with all other taxes assumed
unaffected. This mechanism varies in magnitude over time – the tax rate reacts with a lag to
changes in the stock of public debt, so overshoots both up and down. Over the full time
horizon however, the project allows for a substantial reduction in income tax. Adding this
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revenue foregone back to the recorded Budget balance produc es strong gains to the
Commonwealth Budget.
Other revenue items benefit from the economic stimulus the project provides. Company tax
collections benefit from the profit the project makes as well as tax revenue from increased
business activity elsewhere. An increase in private consumption sees higher receipts from the
GST (though this accrues to States and Territories) as well as other sales taxes and excises.
The Commonwealth receives a share of royalty payments for gas extracted from the North
West Shelf. This is recorded in Commonwealth revenue under crude oil excise (within
excises and sales tax above). As the project brings forward these royalty payments this item
rises strongly and then moderates.
On the expenditure side, many of the government’s functions and payments are assumed to
move in line with GDP, and thus are boosted by the stimulus the project creates. However,
the project also creates some short term reductions in unemployment, reducing benefit
payments required to be paid by the Commonwealth. The government’s wage bill falls from
the small reduction in real wages, while the boost to revenues helps to reduce Commonwealth
debt in the short term, and consequently expenditure on debt repayments. These reduced
spending requirements help lock in the gains to the Commonwealth Budget.

5.6.

Measurement of economic welfare

To measure the impact of the core methanol project on Australian economic welfare, we need
to consider the impacts over time on the Australian private and public sectors.
The benefit to Australians is the flow of additional household consumption and additional
public services that the project makes possible. These we can measure as the annual increase
in real private consumption expenditure and the annual increase in real governme nt current
expenditure. By summing and discounting at an appropriate social discount rate, we can
construct a single net present value estimate of the increase in Australian economic welfare
made possible by the project.
Reflecting the scope of the model, this welfare estimate has limitations:
(1) there is a presumption that markets for public and private goods and services are efficient
and free from distortion, so that an increase in expenditures in base period (1999/00)
prices represents an improvement in w elfare;
(2) no account is taken of changes in the distribution of income or wealth, as a result of the
project; nor of any environmental impacts; and
(3) the measure is limited to the time horizon of the model – in this case 35 years.
We can make some allowance for impacts beyond the model’s time horizon by adding to the
welfare estimate the net present value in 2001 of the change in public and private sector
wealth in the final year (2030) as a result of the project. If in the final year, Australians have
increased the stock of assets they own, they will be able to generate a higher level of
consumption expenditure beyond that date. If, on the other hand, they have financed previous
increases in consumption through a deterioration in the balance of payments, then net
liabilities to foreigners will have increased (resulting in a reduction in Australian wealth).
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Private sector wealth includes:
–

currency holdings

–

Australian public sector debt held by residents

–

the replacement value of the business capital stock owned by Australians

–

the replacement value of the dwelling stock

–

the replacement value of private business farm and non-farm inventories

–

less net private sector debt liabilities to foreigners.

Public sector wealth includes:
–

the replacement value of general gove rnment and public enterprise capital stocks

–

the replacement value of public enterprise inventories

–

less public sector net financial liabilities

5.7.

Limitations of the modeling results

The results reported in the paper reflect the assumptions and parameter estimates built into
AE-MACRO. In turn, these assumptions and estimates reflect the actual experience of the
Australian economy in the past twenty years.
The model exhibits a traditional Keynesian response to domestic demand stimuli. It also
incorporates a strong expectations link from monetary policy to wage behaviour. The latter
reduces the extent to which demand stimuli dissipate in higher inflation. This tends to
increase the initial impact on employment, but to have the opposite (and offsetting, as far as
consumption spending is concerned) effect on real wages.
The moderate inflationary response keeps the pressures on interest rates and the exchange rate
within manageable bounds. The assumed fiscal policy reaction function also ensures that
government uses the additional revenue flowing from higher economic activity to reduce
taxes rather than to increase spending.
The results are an indicative guide to the likely impact of the project. Macroeconomic
simulations of a project such as the methanol project can only provide a broad indication of its
likely impact. While the model is internally consistent, and in accordance with economic
theory, it is highly aggregate and may therefore miss some important detail. The project itself
is still at the planning stage. The economy itself will change, and the overall economic
environment will certainly not be as smooth as that implied by the baseline scenario. The
effectiveness and emphasis of Australian economic policy may fluctuate.
If different assumptions had been built into the model, the macroeconomic impacts would still
have been significant and positive. For example, if we had assumed a stronger response of
wages to increased demand for labour, then the employment impact would have been smaller,
but the average real wage would have been higher. There would still have been a substantial
increase in private consumption.
Similarly, if we had assumed that governments increased spending more and reduced taxes
less, there would still have been a significant impact on aggregate demand and activity.
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Summary
This report documents an investigation of the vegetation, flora and several fauna groups at a study site
near Hearson's Cove on the Burrup Peninsula, in the Pilbara region of Western Australia. The site is
some 100 ha in area, and has been proposed by Methanex for the development of a methanol plant.

Vegetation
Ten vegetation types were identified for the study area:
•

Colluvial slopes supported hummock grasslands of varying proportions of Burrup forms of Triodia epactia
and T. wiseana, with an open shrubland overstorey dominated by species such as Acacia inaequilatera and
Hakea chordophylla (vegetation type AiHcTwTe), or Acacia bivenosa (AbTwTe), or Grevillea pyramidalis
(AbGpTeTw);

•

Rockpiles supported mixed open shrublands of species such as Alectryon oleifolius subsp. oleifolius,
Brachychiton acuminatus, various types of Ficus brachypoda, Rhagodia eremaea and Scaevola spinescens
(broad form) (AoBaFbReSs). The Priority 1 Terminalia supranitifolia was also frequently recorded;

•

The single rocky knoll supported an open shrubland of Brachychiton acuminatus and Erythrina vespertilio
over an open hummock grassland of Triodia epactia (BaEveTe). The Priority 1 Terminalia supranitifolia was
also recorded;

•

Minor creeklines in the northeastern portion supported Eucalyptus victrix low woodlands over high open
shrublands of species such as Acacia bivenosa, A. coriacea subsp. pendens, A. pyrifolia (green form) and
Santalum lanceolatum, over hummock grasslands of Triodia epactia (Burrup form) (EviAbTaTe);

•

The broad drainage area in the northeastern portion supported scattered low trees of Corymbia
hamersleyana over a high open shrubland of Acacia inaequilatera and A. coriacea subsp. pendens, over a
hummock grassland of Triodia epactia (Burrup form) (ChAiAcTe);

•

The small flowline in the southwestern portion supported a high shrubland of Terminalia canescens above a
moderately dense hummock grassland of Triodia epactia (Burrup form) (TcTe). The Priority 3 grass
Eriachne tenuiculmis was also recorded;

•

The narrow flowline in the south-eastern portion supported occasional shrubs of Grevillea pyramidalis subsp.
pyramidalis over a hummock grassland of Triodia angusta (Burrup form), with scattered herbs to an open
herbland of Stemodia grossa (GpTa);

•

Previously cleared and rehabilitated land in the central portion supported scattered to open shrublands of
mixed Acacia species over an open tussock grassland of Buffel grass *Cenchrus ciliaris (ACc).

The rehabilitated areas were considered to have no particular conservation value, given their
dissimilarity to surrounding undisturbed vegetation and the level of weed invasion. The remaining
'natural' vegetation was considered to have at least a moderate conservation significance, given the
apparently restricted distribution of vegetation types of the Burrup Peninsula to this area and the
immediate hinterland. The rockpiles were considered to have a high conservation value, due to a
combination of presence of a Priority 1 flora species and good condition of the vegetation. The rocky
knoll has a high conservation value due to a number of factors including its restricted representation on
the Burrup Peninsula, presence of a Priority 1 flora species and good condition of the vegetation.
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Flora
A total of 88 native vascular flora species was identified within the study area, belonging to 65 genera
from 35 families. The families represented by the greatest number of native taxa were the
Papilionaceae (pea family, 12 taxa), Mimosaceae (wattle family, 11 taxa) and Poaceae (grass family, 8
taxa). The remaining families were represented by four or less taxa. The only genus represented by
more than three native taxa was Acacia (wattles, 10 taxa). The survey was not conducted at an
opportune time for the observation of ephemeral or cryptic species, and further sampling is planned for
2002 following summer rainfall.
Thirteen additional taxa (and an additional four genera and one family) that were recorded are not
native to the Burrup Peninsula. Four of these (*Cenchrus ciliaris, *Aerva javanica, *Agave americana
and *Malvastrum americanum) are not native to the State. The remainder (all Acacia or Cassia species)
are endemic to the Pilbara but do not occur naturally on the Burrup Peninsula. These appear to have
been introduced through seeding of rehabilitation areas.
No Declared Rare flora were recorded from the study area, and none are expected to occur. One
Priority 1 species, Terminalia supranitifolia, was commonly recorded from the rockpiles and rocky knoll.
This species is relatively restricted geographically, and is most common on the Burrup Peninsula. One
Priority 3 species, Eriachne tenuiculmis, was recorded from the creeklines in the southwestern and
northeastern portions of the study area. This species is poorly collected, rather than rare, and has been
recommended for deletion from the Priority Flora Listing.
Other flora of interest included:
•

Corchorus walcottii - relatively restricted geographically, apparently occurring principally on the
Burrup Peninsula and also near Port Hedland;

•

Various undescribed forms of more widespread taxa which appear to be either largely restricted
to, or most abundant on, the Burrup Peninsula (eg. Euphorbia tannensis subsp. eremophila
(Burrup form), Indigofera monophylla (Burrup form), Paspalidium tabulatum (Burrup form),
Rhynchosia sp. Burrup (82-1C), Triodia spp. (Burrup forms), Triumfetta appendiculata (Burrup
form)); and

•

Tephrosia aff. supina (MET 12,357) - undescribed, but relatively widespread, and common on the
coast.

Fauna
The fauna component of this study adopted the approach of directing survey effort to poorly known
fauna groups together with a recommended program of funding research on some of these.
Land snails were the most significant fauna identified within the project area. Four species were
identified. Two of these snail taxa (Rhagada sp. 12 and Pupoides aff. beltianus) currently await further
collecting and formal scientific description. An undescribed Rhagada sp. known only from the nearby
Hearson Cove was not found within the project area.
No active pebble mounds of the Western Pebble-mound Mouse Pseudomys chapmani were observed
and it is very unlikely that this species occurs on or near the lease. Four Planigale sp. 1 and one Lerista
‘muelleri’ were collected for future taxonomic work. The record of the Planigale sp. 1 is significant since
there has been only one previous record on the Burrup despite recent survey efforts. Three bat species
were positively identified from adjacent to the lease, and a fourth is thought to occur in nearby mangal.
This adds to the knowledge of bat fauna on the Burrup (five species are now confirmed, with the
potential for several more to occur).
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Comprehensive lists of species previously recorded from the Burrup Peninsula are provided. The risk of
significant impact to fauna species including migratory birds, the Pilbara Olive Python Liasis olivaceus
barroni, the Water-rat Hydromys chrysogaster and the Bush Stone-curlew Burhinus grallarius is low.

Recommendations
In order to minimise impacts to the biological values of the study area, the following recommendations
are made:
1.

Further seasonal floristic survey work should be conducted in 2002 following summer rainfall.
The outcomes of this study may result in additional recommendations.

2.

Given the moderate to high conservation value of the vegetation and flora of the study area,
development should be restricted to historically disturbed areas (vegetation type ACc) as far as
possible. These areas are already degraded and have no particular conservation significance.

3.

If clearing of additional areas is required, locations of Priority flora must be taken into account
and protected from disturbance. If this is not possible, then liaison should be undertaken with
CALM to develop suitable management procedures.

4.

Clearing of significant vegetation types (particularly the rocky knoll and rockpile units BaEveTe
and AoBaFbReSs) should be avoided. Disturbance to the remaining vegetation types should be
minimised.

5.

Disturbed areas remaining after construction of the plant should be rehabilitated. Species used in
seed mixes must be appropriate to the area, and seed should be collected locally on the Burrup
Peninsula.

6.

It is recommended that the proponent support the following three fauna research projects: land
snail taxonomy (Rhagada sp. 12 and Rhagada sp. Hearson Cove), morphological comparison of
WA Planigale sp. and specimen curation, and a genetic investigation of the legless lizard Delma
pax.

7.

In keeping with the spirit of adjacent developers, participate and assist in a collaborative study of
measures to minimise bird impacts and encourage their continued use of habitats on the Burrup
through the development of an industry group for the King Bay - Hearson Cove Industrial Area.

8.

The proponent should be aware of the potential for the Pilbara Olive Python Liasis olivaceus
barroni to occur within the plant area. A management plan should be developed and
implemented to reduce potential causes of mortality, and facilitate the removal and translocation
of individuals that are found on the site.
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2.0

Introduction

2.1

Background

This report documents an investigation of the vegetation, flora and several fauna groups at a study site
near Hearson's Cove on the Burrup Peninsula, in the Pilbara region of Western Australia. The site is
some 100 ha in area, and has been proposed by Methanex for the development of a methanol plant
(see Figure 2.1).

2.2

Scope of the Study

Vegetation and flora were generally assessed to determine features of significance existing within the
study area. The fauna study, however, involved a more targeted approach. Given that the Department
of Conservation and Land Management (CALM) has previously completed general fauna survey work on
the Burrup Peninsula, including within the project area, the scope of the current study with respect to
the fauna component was as follows:
•

Conduct a brief survey of land snails (Gastropoda: Pulmonata) within the project area;

•

Survey for mounds of the Western Pebble-mound Mouse Pseudomys chapmani, determine the
activity status of any mounds located, and conduct trapping to confirm the presence of this species
if appropriate. P. chapmani was previously regarded as a Schedule 1 species (rare and
endangered, and likely to become extinct), however more recent survey work and research
prompted a review of the conservation status of this species (Start et al. 2000). It was
subsequently down-graded from the Schedule fauna listing to the Priority fauna list. The presence
of this species within the project area would be of interest since it is currently regarded as extinct
on the Burrup;

•

Collect specimens of Planigale sp. from the project area and habitats nearby. There is only a
single record of a Planigale sp. from the Burrup Peninsula which is on the Western Australian
Museum (WAM) mammal database as P. maculata (M19669, road kill collected by W.H. Butler,
Mount Burrup 20° 36' 05", 116° 46' 25", 28/6/1981). Given that there is only one previous record,
and that taxonomic work is currently underway on Planigale taxa in Western Australia, this taxon
was targeted through pit trapping to confirm the earlier record and to add material to the
taxonomic study;

•

Collect specimens of the Lerista ‘muelleri’ species complex from the project area and nearby
habitats on the Burrup Peninsula to contribute to studies currently underway on the taxonomy
within this group; and

•

Conduct a brief survey of bat fauna in the project area and nearby habitats, given the paucity of
information on bat species occurrence and distribution on the Burrup Peninsula.

These five fauna groups were targeted as they are considered to be the least understood, either in
terms of their taxonomy or distribution, at the proposed site or on the Burrup generally. In addition,
current lists of the vertebrate fauna that occur on the Burrup Peninsula were compiled from various
reputable sources, including records from previous CALM survey work in the area.
The EPA (1995) states that when specific development proposals arise for the King Bay – Hearson
region of the Burrup, the impacts on the nearby mangal at King Bay and the potential ecological risk
associated with the development of industry in a storm surge area need to be considered. There have
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been previous assessments of the fauna in the storm surge area (mangroves, low tidal sand and mud
flats; Worley Astron 1999). Presumably, the recommendations of the EPA (1995) would also be
relevant for the mangal at Cowrie Cove, which is adjacent to the project area. The present study does
not address these issues directly since the project area does not include such areas. Outfalls from the
proposed infrastructure are to enter King Bay but provision has been made for this in conjunction with
another project (the Syntroleum development; Water Corporation of Western Australia 2001).
2.2.1

Limitations of the Study

The findings of the botanical survey are subject to a number of limitations:
•

Sites within the study area were only sampled once, and further flora species would undoubtedly
be collected with additional survey effort;

•

The timing of the field survey was inappropriate for the detection of many ephemeral and cryptic
flora species, as it followed several months with no significant rainfall;

•

Only vascular flora were targeted (ie. fungi, algae, mosses and liverworts were not specifically
sampled).

Further flora sampling is planned for 2002 following summer rainfall.
The fauna survey was similarly subject to limitations:
•

The trapping effort (4 nights) was not adequate to sample the entire vertebrate fauna
assemblage at the proposed plant site, however a comprehensive listing was not the intention of
the present study. Instead, the study represented a targeted survey for fauna groups that
require further work on taxonomy and distribution. The Burrup Peninsula is regarded as well
surveyed, especially given the trapping program by CALM. Directing survey effort to poorly
known fauna groups was agreed with CALM as a more appropriate strategy than duplicating
general survey work.

•

The collection of live snails is usually more productive after rains, however there were no such
opportunities within the timeframe of this project. Some species of snail can only be identified
from live or fresh material. The collection of live material also confirms the presence of the
population since empty shells may not always be indicative of the presence of live animals.
Snails would be surveyed in more detail during a seasonal survey planned after sufficient rain in
Karratha.

2.3

Previous Biological Studies

The flora and vegetation of the Burrup Peninsula have been surveyed previously at various levels of
intensity. Broad-scale (1:1,000,000) vegetation mapping of the Pilbara was prepared by Beard (1975).
The peninsula occurs within the Fortescue Botanical District of the Pilbara Region, as defined by Beard
(1975). It forms part of the broad Abydos Plain physiographic unit, which extends from Cape Preston
east to Pardoo Creek, and south to the Chichesters. The unit includes alluvial plains, low stony hills and
granite outcrops, and comprises largely granitic soils, with alluvial sands on the coastal portion (Beard,
1975).
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The vegetation of the peninsula itself was mapped as Triodia epactia (referred to as T. pungens by
Beard) hummock grassland with very few shrubs.
The flora and vegetation of the Fortescue Botanical District as a whole are relatively poorly known.
Surveys of varying intensity have been conducted on a sporadic basis through the region, chiefly for
mining approvals or other development proposals. The Burrup Peninsula has been subject to a higher
intensity of sampling than much of the remainder of the district. A detailed study of the vegetation and
flora of almost 200 sites on the Peninsula was conducted on behalf of the Department of Resources
Development (Trudgen and Long, in prep.). The reporting for this study is currently being finalised.
Additional botanical studies have been conducted for various individual proposals on the Burrup (see
Table 2.1), including an adjoining lease (Morgan & Trudgen, in prep.), however these are largely
unpublished and difficult to obtain.
The vertebrate fauna of the Burrup has been investigated previously by CALM at several long term
study sites. One of these sites is located within the project area and a second is immediately adjacent.
The report for this work has not yet been completed, however all representative specimens have been
lodged with the Western Australian Museum. Table 2.1 lists previous work conducted on fauna of the
Burrup Peninsula. Most of the other fauna studies conducted by biological consultants are unpublished.
This includes a recent targeted fauna survey of an adjoining lease (Biota Environmental Sciences,
2001a).
Table 2.1:

Biological surveys conducted on the Burrup Peninsula.

Reference

Project

Astron Environmental (1998)
Astron Environmental (1999a)

Ammonia Urea Plant Service Corridor Fauna Survey.
Natural Gas to Synthetic Oil Project: Product and Feed pipelines,
Vegetation, Flora and Fauna Survey.

Astron Environmental (1999b)

Natural Gas to Synthetic Oil Project: Plantsite Vegetation, Flora and
Fauna Survey.

Astron Environmental (2000)

Natural Gas to Synthetic Oil Project: A Vertebrate Survey of the
Plant Site on the Burrup Peninsula.

Astron Environmental (2001a)
Astron Environmental (2001b)

Vegetation and Flora of the Proposed Ammonia Plant Site.
Fauna of the Burrup Peninsula and the Proposed Ammonia Plant.

Biota Environmental Sciences (2001a)
Butler & Butler (1983)

Burrup Liquid Ammonia Plant Targeted Fauna Survey.
Burrup Peninsula Fauna Survey.

Butler & Butler (1987)
Butler (1994)

Burrup Peninsula Fauna Survey.
Fauna and Marine Biota. In: Burrup Peninsula Draft Land Use and
Management Plan, Technical Appendices.

Kruger & Long (1999)

A Survey of Vegetation and Fauna in the King Bay Region, Burrup
Peninsula, W.A.

Morgan & Trudgen (in prep.)

A flora and vegetation survey of a site on the Burrup Peninsula for
a proposed Dimethyl Ether project.

Tingay & Tingay (1979)

Technical Report on the Fauna of Burrup Peninsula and Dolphin
Island.
A flora, vegetation and floristic survey of the Burrup Peninsula,
some adjoining areas and part of the Dampier Archipelago, with
comparisons to the floristics of three areas of the adjoining
mainland.

Trudgen & Griffin (2002); Trudgen & Long
(in prep.)
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3.0

Methods

3.1

Vegetation and Flora

The vegetation and flora of the study area were assessed from 29th October to 1st November 2001.
The timing of the survey was not opportune for the collection of ephemeral or cryptic flora species, as it
occurred some several months following significant rainfall.
3.1.1

Quadrat Sampling

Vegetation and flora were principally assessed in 10 quadrats (B001 to B010). The distribution of these
quadrats is shown in Figure 4.1, while the raw data is contained in Appendix A. The locations of the
detailed recording sites were chosen to represent the major vegetation types occurring within the
survey area.
Quadrats were typically 50 m x 50 m, as this size gives a good sample of flora presence. It also gives a
good indication of the shrub and grass layer vegetation structure for most vegetation types in the
Pilbara that occur in 'uniform' habitats (eg. plains and hillslopes, where vegetation stands of greater
than this size occur). Quadrat shape and/or size were adjusted as necessary to fit smaller or oddly
shaped habitats (eg. flowlines and rocky outcrops). Each quadrat was permanently marked using steel
fence droppers which were typically located on at least three corners of the quadrat.
The following parameters were recorded for each quadrat:
•

Location

Recorded at each permanent stake using a hand-held Global Positioning
System (GPS) to an accuracy usually within 5 m in AGD 84 datum;

•

Vegetation Type

Broad description based on dominant species and strata after Specht
(1970);

•

Landform

A broad classification, being either colluvial slope, rockpile, creekline or
rehabilitation area;

•

Substrate

General soil type and description of stony surface mantle;

•

Leaf / Wood Litter

Percent cover; depth of leaf litter where appropriate;

•

Disturbance Details

Evidence of grazing, weed invasion, frequent fires etc. Note that fire
effects are only considered as a negative impact if they are caused by
repeated burning (eg. conducted for pastoral purposes). Fire is a natural
and frequent process in the Pilbara to which the vegetation has adapted,
and to class areas as being in poor condition simply because they have
been recently burnt is misleading; and

•

Percent Foliar Cover

Cover was visually estimated for each species. Estimates were made to
the nearest percent where possible, or a range (eg. 5-10%) was used.
'+' was used where only occasional individuals were present, with a cover
of less than 1%.
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A colour photograph of the vegetation at each site was taken using a digital camera.
3.1.2

Additional Survey Work

Additional foot traverses were conducted to ground truth the boundaries of vegetation types and to
allow assessment of areas beyond the detailed flora quadrats. Opportunistic flora collections were
made on these traverses to supplement the list of species recorded from the flora survey sites.
Particular attention was paid to searching habitats likely to support flora species with sporadic
distributions (eg. rockpiles). Six releves (unbounded sites) were also briefly assessed to assist with
vegetation type description (Releves RA to RF). The lists of species recorded for these sites were not
intended to represent a complete list of the flora present, and have thus not been included in the
floristic analysis (see Section 3.1.3).
3.1.3

Flora Identification, Data Entry and Analysis

Common species which were well known to the survey botanist were identified in the field. Specimens
of all other species were collected and assigned a unique number to facilitate tracking of data. These
vouchers were then identified by keying out, reference to appropriate publications, use of reference
collections, comparison to the collections held at the Western Australian Herbarium (WAHerb) and
consultation with relevant specialists for difficult taxa (see Section 7.0). Much of the material collected
was in relatively poor condition. Specimens will be lodged with the Herbaria at Perth and Karratha for
any taxa for which suitable material is available. Rare Flora Report Forms were completed for Priority
flora encountered within the study area, and will be lodged with CALM (Appendix D).
Nomenclature was checked against the current listing of scientific names recognised by WAHerb and
updated as necessary. The only outdated nomenclature retained is that relating to Cassia. This genus
is currently recognised as Senna (see Randell, 1989), however the older Cassia classification (Symon,
1966) was perceived to represent a more realistic level of separation of the taxa (eg. with taxa such as
'glutinosa' and 'pruinosa' recognised at specific rather than subspecific level) (M. Trudgen, pers.
comm.). A more detailed discussion is contained in Trudgen & Casson (1998), while a comparison of
the nomenclature under the two classifications is presented in Appendix C.
All raw site data were entered into an Access database using forms developed by Mr. Ted Griffin and
supplied by Mr. Malcolm Trudgen. These raw data were corrected as necessary after specimens were
identified. A matrix of the cover of each species at each site was subsequently generated, with cover
values assigned to the following classes: <1%, 1-5%, 5-10%, 10-25%, 25-33.3%, 33.3-50%, 50-75%
and >75%.
The Methanex floristic data were incorporated with data from seven quadrats and 19 releves assessed
during a recent survey of an area adjoining the southern boundary of the Methanex study area (Morgan
& Trudgen, in prep.), and 193 sites assessed as part of the survey of the greater Burrup Peninsula and
surrounds (Trudgen & Griffin, 2002). Given the seasonal timing of the current survey, only perennial
flora were included in the dataset. A PATN classification was run on this combined data set in order to
examine the relationships between the detailed vegetation survey sites. The quantitative results of
PATN were used to refine the vegetation types identified in the field.
3.1.4

Vegetation Mapping

Scanned copies (at ~1:5000 scale) of colour aerial photography were marked up with vegetation type
boundaries. Some of the vegetation units of the colluvial slopes were found to have a hummock
grassland of varying proportions of two spinifex species, which occurred together and varied in
distribution on an extremely fine scale. These were mapped as mosaics.
The vegetation boundaries were subsequently digitised using AutoCAD. The resulting AutoCAD files
were "tagged" to provide each polygon with the vegetation association code, and then translated into

11

Methanex Burrup Site Vegetation, Flora and Fauna Assessment

ArcView 3.2a for validation. Other point source datasets, such as site locations, weed locations and
priority flora locations were generated into spatial data using ArcView. These datasets were
subsequently saved as separate ArcView shapefiles. In conjunction with additional data supplied from
other organisations, they were then used in the production of a map of the vegetation of the study
area.

3.2

Fauna

As discussed in Section 2.2, this survey adopted the approach of directing resources towards five main
fauna groups that are not well understood, rather than focussing on the duplication of a species list that
would contribute only minimally to improving the existing knowledge of fauna on the Burrup.
Furthermore, the vertebrate species lists compiled in this report include records from the whole Burrup
Peninsula since the study area is relatively small. Species on these lists have a relatively high chance of
occurring in or near the study site, if their habitat is present.
3.2.1

Land snails

All broad habitat types within the project area were surveyed for land snails (Gastropoda: Pulmonata).
Habitat types were defined based on geology, soil/substrate type and vegetation. Since a new,
undescribed species of Rhagada was recently discovered at Hearson’s Cove, particular attention was
paid to locating this species. This species is distinctive, having an acutely angled periphery with a
thread-like keel (similar in general shape to Divellomelon hillieri from the Northern Territory; see
illustration in Solem 1990). Also, other snails species have not been recorded in the project area
previously but have been collected nearby. Species such as R. angulata are known to be distributed
north of Withnell Bay – Watering Cove, and R. convicta is distributed near Dampier south of the saline
flat area of King Bay - Hearson Cove (P.G. Kendrick unpublished data). These snails were also
targeted.
3.2.2

Pseudomys chapmani

Mounds were sought throughout the project area, and particularly in habitat similar to that in which the
mounds were located on an adjacent lease (Grassland Steppe, in particular Lower Undulating Slopes
with Shallow Incised Drainage Lines; Sinclair Knight Merz 2001).
The mounds were assessed according to the Mound Condition Index of Anstee (1996). This system
scores pebble mounds based on external mound features to determine occupancy of P. chapmani;
scores of between 6 - 9 indicate a high likelihood of occupancy.
3.2.3

Planigale sp. and Lerista ‘muelleri’

The collection of Planigale sp. and L. ‘muelleri’ was facilitated by trapping. Four lines of pit traps, each
with 10 pits connected in pairs with flywire fences, were opened for 4 nights each. These traps were
installed and used in previous surveys of the Burrup Peninsula by CALM. The sites were:
Site 8:

Mt Wongama; 50 479780, 7724000;

12

Methanex Burrup Site Vegetation, Flora and Fauna Assessment

Site 11:

Bloodwood Flat, Hearson Cove (within the project area); 50 478521, 7720653;

Site 12:

Watering Cove Track; 50 479095, 7723004;

Site 16:

Watertanks, Village Rd (directly adjacent to the project area); 50 477595, 7720225.

L. ‘muelleri’ were also sought by hand in litter over sandy soils, in particular from crushed Triodia
hummocks along vehicle tracks, beneath stands of eucalypts on Mt Wongama, and beneath acacias
immediately above the high tide mark at Cowrie Cove.
3.2.4

Bats

Bats were surveyed by detecting and analysing echolocation calls. Surveys were conducted in a gully
between rockpiles west of the project area (‘Gully’; 50 476800, 7720200) and the mangal at King Bay
(‘King Bay’; 50 475700, 7718400) and Cowrie Cove (‘Cowrie Cove’; 50 479750, 7721350).
Calls were detected with an electronic device that detects and transforms high frequency sounds (an
Anabat II bat detector connected to an Anabat Delay Switch (Titley Electronics) and a RadioShack CTR119 cassette tape recorder, and recorded onto ferrous audio cassettes (TDK D90)). Calls were analysed
by Zero Crossings Analysis (ZCA) using an Anabat V ZCA Interface Module and Anabat software (Chris
Corben; http://users.lanminds.com/corben/index.htm). All calls were calibrated with a tone of 40 kHz
and divided down by a factor of 16.
Three call variables were extracted from the audio tapes using the software program ‘Analyze for
Windows 95’ (Jolly, 1996a, 1996b, 1997). Only sequences with good quality ‘search’ mode calls were
included and each pulse was examined before its inclusion into the resulting dataset. This program
uses a modelling technique to fit a curve to the data points produced by the ZCA. Further details
regarding the methods of this software may be found on the internet (Jolly 1996b). The three call
parameters included were:
- Dur: the duration of the pulse; the time from the first to the last data point of each pulse.
- Fend: the minimum frequency calculated from the model. This parameter is superior to minimum
pulse frequency since it is calculated from the model which uses all data points. Fend is usually
highly correlated with the minimum pulse frequency and can therefore be used in comparison with
the reference calls of McKenzie and Muir (2000).
- Fmax: the highest detected frequency. This can be variable depending on the type of call
produced, and whether the bat detector is able to detect and transform the higher frequency
components of a pulse (affected by several factors).
These data were summarised on a scatterplot using the discriminant functions of McKenzie and Muir
(2000; reference calls obtained from hand-released bats). Species identity was assigned to each point
on the graph, using the groupings of McKenzie and Muir (2000) and K. Armstrong (unpublished data) as
a guide.
3.2.5

Other Fauna

Other fauna species were also recorded wherever individuals, tracks, burrows or scats were observed.
All fauna recorded from the CALM pit traps are included in this report. Fauna collected in pits located
outside the project area are indicated where appropriate. These fauna have the potential to occur
within suitable habitat within the project area. Particular attention was also paid to habitats where the
Northern Quoll Dasyurus hallucatus (rocky outcrops) and the Water-rat Hydromys chrysogaster (saline
flats and drainage gullies) might occur, however they were not specifically targeted in the present
survey. These species have been recorded previously on the Burrup Peninsula (e.g. Butler and Butler
1983).
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A list of the fauna known to occur on the Burrup was compiled from various current and reputable
sources and is presented in Appendix E. The bird list was provided by Mr R. Johnstone from the
Western Australian Museum who used data from the Storr-Johnstone Bird Data Bank and other sources
(Appendix E). The reptile and mammal lists were based on vouchered and identified specimens in the
WAM rather than the general maps provided in field guides. Some additional species were added from
references that provided the original observations.
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4.0

Vegetation and Flora

4.1

Vegetation

4.1.1

Vegetation Types

Ten vegetation types were identified within the study area within four principal landforms/habitats (see
Figure 4.1):
1.

Colluvial Slopes - corresponding to the 'grassland steppes' habitat type of Astron Environmental
(2001b);

2.

Rockpiles / Rocky Outcrops - corresponding to the 'rocky outcrops, rockpiles and rocky scree
slopes' habitat of Astron Environmental (2001b);

3.

Creeklines - corresponding to the 'valleys and drainage gullies' habitat of Astron Environmental
(2001b);

4.

Rehabilitation Areas - corresponding to the 'disturbed habitats' classification of Astron
Environmental (2001b).

Two other landform types identified by Astron Environmental (2001b) for the Burrup Peninsula are not
present in the study area; these are the saline tidal and supratidal flats, and coastal fringe.
The arbitrary coding system for the vegetation types was based on the first letter of genus and species
name of the dominant flora taxa (see Table 4.1). The raw data for the detailed flora survey sites are
presented in Appendix A. Photographs of the major vegetation units are presented in the following.
Some of the vegetation types were described as having an understorey comprising a mosaic of two
spinifex species. This approach was required where the dominant spinifex species varied on a finer
scale than could be represented on the mapping.
Table 4.1:
Code
Ab
Ac
Ai
Ao
A
Ba
Cc
Ch
Eve
Evi

Abbreviated names used for coding of vegetation types.

Taxon
Acacia bivenosa
Acacia coriacea subsp. pendens
Acacia inaequilatera
Alectryon oleifolius subsp. oleifolius
Mixed Acacia spp.
Brachychiton acuminatus
*Cenchrus ciliaris
Corymbia hamersleyana
Erythrina vespertilio
Eucalyptus victrix

Code
Fb
Gp
Hc
Re
Ss
Ta
Tc
Te
Tw

Taxon
Ficus brachypoda
Grevillea pyramidalis subsp. pyramidalis
Hakea chordophylla
Rhagodia eremaea
Scaevola spinescens (broad form)
Triodia angusta (Burrup form)
Terminalia canescens
Triodia epactia (Burrup form)
Triodia wiseana (Burrup form)
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Figure 4.1:

Vegetation of the Methanex Study Area.
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AiHcTwTe Acacia inaequilatera, Hakea chordophylla
scattered shrubs over mosaic of Triodia wiseana
(Burrup form), T. epactia (Burrup form) mid-dense
hummock grassland (Site B006).

AbTwTe Acacia bivenosa scattered tall shrubs to high
open shrubland over mosaic of Triodia wiseana (Burrup
form), T. epactia (Burrup form) mid-dense hummock
grassland (Site B002).

AbGpTeTw Acacia bivenosa scattered tall shrubs over
Grevillea pyramidalis subsp. pyramidalis high open
shrubland over Triodia epactia (Burrup form), T. wiseana
(Burrup form) dense hummock grassland (Site B001).

AoBaFbReSs Alectryon oleifolius subsp. oleifolius,
Brachychiton acuminatus, Ficus brachypoda (various
types), Rhagodia eremaea, Scaevola spinescens (broad
form) open shrubland (Site B003).

EviAbTaTe Eucalyptus victrix low woodland over Acacia
bivenosa high open shrubland over Triodia angusta
(Burrup form), T. epactia (Burrup form) mid-dense
hummock grassland (Site B005).

ChAiAcTe Corymbia hamersleyana scattered low trees
over Acacia inaequilatera, A. coriacea subsp. pendens high
open shrubland over Triodia epactia (Burrup form)
mid-dense hummock grassland (Site B007).
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TcTe Terminalia canescens high shrubland over Triodia
epactia (Burrup form) mid-dense hummock grassland
(Site B010).

GpTa Grevillea pyramidalis subsp. pyramidalis scattered
shrubs over Triodia angusta (Burrup form) mid-dense
hummock grassland (Site B009).

Acc Mixed Acacia scattered shrubs over *Cenchrus
ciliaris open tussock grassland (Releve RA).

Acc Mixed Acacia high open shrubland over *Cenchrus
ciliaris open tussock grassland (Releve RF).

Virtually all of the vegetation of the Burrup Peninsula appears to be distinct in a regional sense,
apparently resulting from a combination of coastal climatic influences with the unusual geomorphology
and relative isolation of the peninsula (Trudgen & Griffin, 2002). Vegetation occurring in the study area
was thus considered to be of at least moderate conservation significance, unless it had been
considerably disturbed from the natural state. An assessment of the conservation significance of each
vegetation type was presented on the following scale:
•

High

Vegetation has a limited areal representation on the Burrup Peninsula, is in excellent
condition, and/or supports flora of particular conservation value. This vegetation
should not be disturbed;

•

Moderate

Vegetation is in good to excellent condition. Disturbance to this vegetation should be
minimised;

•

Low

Vegetation has been substantially modified from the natural state by factors such as
clearing, weed invasion etc. Development should be concentrated in these areas.

Individual vegetation types within each landform group are described below.

18

Methanex Burrup Site Vegetation, Flora and Fauna Assessment

Colluvial Slope Vegetation
Colluvial slopes are not common in the Abydos Plain region, which typically comprises a broad sandy
plain. Lower slopes of relatively gentle incline are best represented in the King Bay - Hearson Cove
valley, of which the study area forms a part.

Acacia inaequilatera, Hakea chordophylla scattered shrubs over mosaic of
Triodia wiseana (Burrup form), T. epactia (Burrup form) mid-dense
hummock grassland
This vegetation dominated the mid to lower slopes of the northern section of the study area. The very
open overstorey was dominated by Acacia inaequilatera with occasional Hakea chordophylla, sometimes
above scattered low shrubs of Acacia arida. Occasional low trees of Corymbia hamersleyana were
sometimes present. The moderately dense hummock grassland consisted of a mosaic of the Burrup
forms of Triodia wiseana and T. epactia, the latter tending to occur in more mesic situations (steep
slopes and low-lying areas). Few other species were recorded from this habitat, however these
included the shrubs Acacia bivenosa, A. colei var. colei and Grevillea pyramidalis subsp. pyramidalis,
and the herbs Bonamia media var. villosa and Cassytha capillaris. This vegetation was in very good
condition with only occasional weeds (principally *Aerva javanica) and is considered to have moderate
conservation significance. Sites B006 & B008, Releve RB.
AiHcTwTe

Acacia bivenosa scattered tall shrubs to high open shrubland over mosaic
of Triodia wiseana (Burrup form), T. epactia (Burrup form) mid-dense
hummock grassland
This vegetation dominated the gentle slopes in the southern portion of the study area. It consisted of
occasional tall shrubs to a high open shrubland of Acacia bivenosa over a relatively dense hummock
grassland which was dominated by varying amounts of the Burrup forms of Triodia wiseana and T.
epactia. Other species recorded included the shrubs Acacia colei var. colei, A. inaequilatera, Cassia
glutinosa, Corchorus walcottii, Grevillea pyramidalis subsp. pyramidalis and Hakea chordophylla, the
herb Cassytha capillaris and the liane Mukia maderaspatana. This vegetation was in very good
condition, with minor weed invasion (occasional *Aerva javanica). It is considered to have moderate
conservation significance. Site B002.
AbTwTe

Acacia bivenosa scattered tall shrubs over Grevillea pyramidalis subsp.
pyramidalis high open shrubland over Triodia epactia (Burrup form), T.
wiseana (Burrup form) dense hummock grassland
This vegetation occurred in a single location in the south-western portion of the study area, which may
represent a diffuse drainage tract. It consisted of occasional tall shrubs of Acacia bivenosa over a high
open shrubland dominated by Grevillea pyramidalis subsp. pyramidalis. The dense hummock grassland
comprised a mixture of the Burrup forms of Triodia epactia and T. wiseana. Other species recorded
included the shrubs Acacia colei var. colei, A. pyrifolia (slender, white form), Gossypium australe
(Burrup Peninsula form), Hakea chordophylla, Indigofera monophylla (Burrup form), Tephrosia rosea
var. clementii and Triumfetta appendiculata (Burrup form), the grass Aristida holathera var. holathera
and the herbs Boerhavia gardneri, Bonamia media var. villosa, Cassytha capillaris, Pterocaulon
sphacelatum and Trichodesma zeylanicum var. zeylanicum. This vegetation was in very good condition
and is considered to have moderate conservation significance. Site B001.
AbGpTeTw

19

Methanex Burrup Site Vegetation, Flora and Fauna Assessment

Rockpile / Rocky Outcrop Vegetation

Alectryon oleifolius subsp. oleifolius, Brachychiton acuminatus, Ficus
brachypoda (various types), Rhagodia eremaea, Scaevola spinescens
(broad form) open shrubland
Several boulder rockpiles were present towards the north-western boundary of the study area. All of
the rockpiles had very similar vegetation, consisting of scattered tall shrubs to an open shrubland of
species such as Alectryon oleifolius subsp. oleifolius, Brachychiton acuminatus, Ficus brachypoda
(various types), Rhagodia eremaea and Scaevola spinescens (broad form). Other commonly recorded
shrubs included Ehretia saligna var. saligna, Ficus opposita (various types), Flueggea virosa subsp.
melanthesoides, Pittosporum phylliraeoides var. phylliraeoides, Plumbago zeylanica, the Priority 1
Terminalia supranitifolia and the liane Tinospora smilacina. A number of these species are more typical
of the northern tropical region of the State. Herbs and grasses were typically sparse, occurring only in
small soil pockets, and included Cleome viscosa, Dicliptera armata, Paspalidium tabulatum (Burrup
form) and Triodia epactia (Burrup form). A narrow (2-3 m wide) band of Native lemongrass
Cymbopogon ambiguus with scattered Pentalepis trichodesmoides was usually present around the base
of the rockpiles. Vegetation of this habitat was typically in excellent condition, with little or no weed
invasion. While this habitat is relatively well represented in the local area, this vegetation is considered
to have high conservation significance due to a combination of the good condition and presence of a
Priority 1 flora species. Sites B003, B004, Releve RD.
AoBaFbReSs

Brachychiton acuminatus, Erythrina vespertilio scattered shrubs to open
shrubland over Triodia epactia (Burrup form) open hummock grassland
A small rocky knoll in the south-western corner of the study area supported scattered shrubs to an open
shrubland of stunted Kurrajong Brachychiton acuminatus and Bat-wing trees Erythrina vespertilio over
an open hummock grassland of Triodia epactia (Burrup form). Other species recorded included the
shrubs Acacia coriacea subsp. coriacea, Capparis spinosa var. nummularia, Grevillea pyramidalis subsp.
pyramidalis, Scaevola spinescens (broad form), Terminalia supranitifolia (Priority 1), the grass
Cymbopogon ambiguus, the herb Dicliptera armata and the creeper Operculina aequisepala. This
habitat was relatively undisturbed and the vegetation, while showing effects of prolonged drought, was
otherwise in good condition. The vegetation is likely to be very poorly represented on the Burrup
Peninsula and is considered to have high conservation significance. Releve RE.

BaEveTe

Creekline Vegetation

Eucalyptus victrix low woodland over Acacia bivenosa high open
shrubland over Triodia angusta (Burrup form), T. epactia (Burrup form)
mid-dense hummock grassland
Minor creeklines intruding into the northeastern portion of the study area supported a low woodland of
Coolibah Eucalyptus victrix over a high open shrubland dominated by a mixture of species, mainly
Acacia bivenosa but also A. coriacea subsp. pendens, A. pyrifolia (green form) and Santalum
lanceolatum. The ground cover consisted of a hummock grassland of mixed Triodia angusta (Burrup
form) and T. epactia (Burrup form), with an open tussock grassland of Cymbopogon ambiguus. Other
species recorded included the shrubs Rhagodia eremaea and Scaevola spinescens (broad form), the
liane Jasminum didymum subsp. lineare, the sedge Cyperus vaginatus, and the herbs Dicliptera armata
and Polycarpaea longiflora. These creeklines were in excellent condition, with little or no weed
invasion, and are considered to have moderate conservation significance. Site B005, Releve RC.
EviAbTaTe
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Corymbia hamersleyana scattered low trees over Acacia inaequilatera, A.
coriacea subsp. pendens high open shrubland over Triodia epactia (Burrup
form) mid-dense hummock grassland
The broad drainage area fanning out from the above vegetation type consisted of occasional low
Bloodwoods Corymbia hamersleyana above a high open shrubland dominated by Acacia inaequilatera
and A. coriacea subsp. pendens. At ground level there was a moderately dense hummock grassland of
Triodia epactia (Burrup form). Other species recorded included the shrubs Acacia bivenosa, A. colei
var. colei, Corchorus walcottii, Dichrostachys spicata, Grevillea pyramidalis subsp. pyramidalis, Rhagodia
eremaea, Scaevola spinescens (broad form), the liane Jasminum didymum subsp. lineare, the grasses
Cymbopogon ambiguus and Paspalidium tabulatum (Burrup form), and the herbs Pterocaulon
sphacelatum and Trichodesma zeylanicum var. zeylanicum. This vegetation was in very good condition,
with minor weed invasion by *Aerva javanica and *Cenchrus ciliaris, and is considered to have
moderate conservation significance. Site B007.
ChAiAcTe

Terminalia canescens high shrubland over Triodia epactia (Burrup form)
mid-dense hummock grassland
The small flowline in the southwestern portion of the study area supported a high shrubland of
Terminalia canescens above a moderately dense hummock grassland of Triodia epactia (Burrup form).
Clumps of the Priority 3 grass Eriachne tenuiculmis were scattered but common within this habitat.
Other species recorded included the shrubs Acacia bivenosa, A. pyrifolia (various forms), Adriana
tomentosa var. tomentosa, Corchorus walcottii, Flueggea virosa var. melanthesoides, Grevillea
pyramidalis subsp. pyramidalis, Indigofera monophylla (Burrup form), Rhagodia eremaea and Tephrosia
rosea var. clementii, the grass Cymbopogon ambiguus, the sedge Cyperus vaginatus, and the herbs
Dicliptera armata, Pterocaulon sphacelatum, Stemodia grossa and Trichodesma zeylanicum var.
zeylanicum. Site B010.

TcTe

Terminalia dominated creeklines are common on upper slope habitats of the Burrup, but do not typically
extend down onto the lower plain areas (M. Trudgen, pers. comm.). Given this, the low level of weed
invasion (only scattered *Cenchrus ciliaris) and the presence of a Priority flora species, this vegetation
is considered to have moderate conservation significance.
Grevillea pyramidalis subsp. pyramidalis scattered shrubs over Triodia
angusta (Burrup form) mid-dense hummock grassland
A narrow flowline in the south-eastern portion of the study area supported occasional shrubs of
Grevillea pyramidalis subsp. pyramidalis over a moderately dense hummock grassland of Triodia
angusta (Burrup form), with scattered herbs to an open herbland of Stemodia grossa. Other species
recorded included the shrubs Acacia bivenosa, A. colei var. colei, A. pyrifolia (slender, white form),
Adriana tomentosa var. tomentosa, Gossypium australe (Burrup Peninsula form), Indigofera monophylla
(Burrup form), Pluchea ferdinandi-muelleri and Scaevola spinescens (broad form), the grass
Cymbopogon ambiguus, the sedge Cyperus vaginatus, and the herbs Cassytha capillaris, Pterocaulon
sphacelatum and Trichodesma zeylanicum var. zeylanicum. This vegetation was in very good condition,
with minor weed invasion by *Cenchrus ciliaris and *Malvastrum americanum. It is considered to have
moderate conservation significance. Site B009.
GpTa

Rehabilitation Vegetation
Mixed Acacia high open shrubland over *Cenchrus ciliaris open tussock
grassland
Over half of the proposed lease area has been previously cleared and rehabilitated. These areas were
not directly sampled using quadrats as the regenerating vegetation was considered to have no
particular conservation value, given its dissimilarity to the surrounding undisturbed vegetation and the
level of weed invasion (principally Buffel grass *Cenchrus ciliaris, also Kapok *Aerva javanica).
ACc

The vegetation over most of the disturbed areas consisted of occasional tall shrubs to a high open
shrubland of the weeping form of Acacia bivenosa above occasional low shrubs of A. stellaticeps over
an open tussock grassland of *Cenchrus ciliaris. In the central portion of the study area, the A.
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bivenosa overstorey was replaced by a high shrubland to open scrub of Acacia trachycarpa with
occasional individuals of Coolibah Eucalyptus victrix. Other species recorded included the shrubs Acacia
inaequilatera, A. pyrifolia and Cassia notabilis, the herbs Rhynchosia sp. Burrup (82-1C) and Swainsona
formosa, and very occasional hummocks of soft spinifex Triodia epactia (Burrup form). Releves RA, RF.
Several species that were recorded from the disturbed areas are common species of the Pilbara region,
but do not occur naturally on the Burrup Peninsula (eg. Acacia ancistrocarpa, A. gregorii, A.
trachycarpa, A. tumida, Cassia helmsii, C. luerssenii and C. pruinosa). These appear to have
established from seeding with a general mixture of coastal Pilbara species, rather than one tailored to
the immediate area in question. While these species are not ‘weeds’ in the traditional sense, they have
been introduced to the area.
4.1.2

Floristic Analysis

Appendix B contains an extract from the dendrogram showing the results of the PATN analysis on the
combined dataset (the Methanex study area, an area adjoining the southern boundary, and the greater
Burrup Peninsula and surrounds (see Section 3.1.3)). The Methanex sites have a MET prefix (ie. site
B006 appears on the dendrogram as METB006). Sites from the adjoining study area (Morgan &
Trudgen, in prep.) have a BMG prefix, while the sites from the broad Burrup study (Trudgen & Griffin,
2002) have a prefix of various single letters.
The sites recorded from the colluvial slopes of the study area grouped out in the same general area of
the dendrogram. These all had a hummock grassland dominated by varying proportions of Triodia
wiseana (Burrup form) and T. epactia (Burrup form), with a variable shrub overstorey of mixed Acacia
species, Hakea chordophylla and/or Grevillea pyramidalis subsp. pyramidalis. Sites B006 and B008 from
vegetation type AiHcTwTe were clearly very similar to each other floristically (a nearest neighbour
dissimilarity coefficient of 0.2821), and relatively similar to site B001 from vegetation type AbGpTeTw (a
dissimilarity coefficient of 0.3333). These three sites shared a common suite of species including Acacia
bivenosa, A. colei var. colei, Grevillea pyramidalis subsp. pyramidalis, Hakea chordophylla, Triodia
epactia (Burrup form) and T. wiseana (Burrup form). The next most similar sites to these in a floristic
sense were also from colluvial lower slopes; site BMGC007 located in the adjacent study area, in
scattered Acacia bivenosa over Triodia wiseana (Burrup form) (M. Trudgen, pers. comm.) and site
B071, a Triodia wiseana (Burrup form) hummock grassland from elsewhere on the Burrup (Trudgen &
Griffin, 2002). Site B002 from vegetation type AbTwTe was relatively similar (a dissimilarity coefficient
of 0.3559) to B236 from the greater Burrup Peninsula study, which was another Triodia wiseana
(Burrup form) hummock grassland with scattered mixed Acacia species and occasional Corymbia
hamersleyana (Trudgen & Griffin, 2002).
The creekline vegetation types occurred in two general areas of the dendrogram. Site B007 from
vegetation type ChAiAcTe was most closely related to site B010 from vegetation type TcTe, however
the two sites were only moderately similar floristically (a dissimilarity coefficient of 0.4085). The two
vegetation types were very distinct: although both had a hummock grassland understorey of Triodia
epactia (Burrup form), site B007 had an overstorey of Acacia inaequilatera and A. coriacea with
occasional Corymbia hamersleyana, while the overstorey of B010 comprised a shrubland of Terminalia
canescens. The next most similar site was B029 from the greater Burrup Peninsula study, which
comprised a low open woodland of Corymbia hamersleyana above low shrubs of Indigofera monophylla,
Tephrosia rosea var. clementii and Corchorus walcottii over a hummock grassland of Triodia epactia
(Burrup form) (Trudgen & Griffin, 2002).
Site B005 from vegetation type EviAbTaTe was most similar to site B009 from vegetation type GpTa,
however the level of grouping of these sites again indicated that they were not very similar floristically
(a dissimilarity coefficient of 0.4231). The vegetation types were clearly different: although both had a
hummock grassland understorey dominated by Triodia angusta (Burrup form), B0005 had an overstorey
of Eucalyptus victrix and Acacia bivenosa, while the overstorey of B009 was dominated by shrubs of
Grevillea pyramidalis subsp. pyramidalis. The other sites within this general grouping were largely
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creeklines from an adjacent study area which similarly had Triodia angusta (Burrup form) as a dominant
spinifex species.
The rockpile sites B003 and B004 from vegetation type AoBaFbReSs were most closely related to each
other, however they were not particularly similar floristically (a dissimilarity coefficient of 0.4545). This
may be a reflection of the nature of the habitat, with different species often being patchily distributed
over the rockpiles, and not necessarily recorded by a single 50x50 m quadrat. These sites are most
closely related to the Burrup rockpile sites of PATN Groups 44_164 or 44_165 (Trudgen & Griffin,
2002).
The releve RE recorded in vegetation type BaEveTe was not sufficiently detailed to be included in the
analysis. However, this rocky knoll was also sampled during an adjacent study and was found to link
with a site on Dolphin Island (M. Trudgen, pers. comm.)
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4.2

4.2.1

Flora

General

A total of 88 native vascular flora species was identified within the study area, belonging to 65 genera
from 35 families (see Appendix C). Thirteen additional taxa (and an additional four genera and one
family) that were recorded are not native to the Burrup Peninsula (see Section 4.2.3). Note that the
survey was not conducted at an opportune time for the observation of ephemeral or cryptic species,
hence this list should only be regarded as an indication of the flora present within the study area.
Further sampling following summer rainfall would undoubtedly yield additional species.
The families represented by the greatest number of native taxa were the Papilionaceae (pea family, 12
taxa), Mimosaceae (wattle family, 11 taxa) and Poaceae (grass family, 8 taxa). The remaining families
were represented by four or less taxa. The only genus represented by more than three native taxa was
Acacia (wattles, 10 taxa).
4.2.2

Flora of Conservation Significance

While all native flora are protected under the Wildlife Conservation Act 1950-1979, a number of plant
species are assigned an additional level of conservation significance based on the limited number of
known populations and the perceived threats to these locations (Table 4.1). Species of the highest
conservation significance are designated Declared Rare Flora (DRF). Species which appear to be rare or
threatened, but for which there is insufficient information to properly evaluate their conservation status,
are assigned to one of four Priority Flora categories. The listing of DRF and Priority species is reviewed
on an annual basis by the Department of Conservation and Land Management (CALM).
Table 4.1:

Categories of conservation significance for flora species (Atkins, 2001).

Declared Rare Flora - Extant Taxa. Taxa which have been adequately searched for and are
deemed to be in the wild either rare, in danger of extinction or otherwise in need of special
protection.
Declared Rare Flora - Presumed Extinct. Taxa which have not been collected, or otherwise
verified, over the past 50 years despite thorough searching, or of which all known wild populations
have been destroyed more recently.
Priority 1 - Poorly Known Taxa. Taxa which are known from one or a few (generally <5)
populations which are under threat.
Priority 2 - Poorly Known Taxa. Taxa which are known from one or a few (generally <5)
populations, at least some of which are not believed to be under threat.
Priority 3 - Poorly Known Taxa. Taxa which are known from several populations, at least some
of which are not believed to be under threat.
Priority 4 - Rare Taxa. Taxa which are considered to have been adequately surveyed and which
whilst being rare, are not currently threatened by any identifiable factors.
In addition, the presence of some flora species means that it is necessary to refer proposals to the
Federal Minister for the Environment under the Environment Protection and Biodiversity Conservation
Act 1999. In the Pilbara, only the two Declared Rare Flora species (Lepidium catapycnon and
Thryptomene wittweri) are currently listed under the EPBC Act. However, the Priority 1 species Aluta
quadrata (previously Thryptomene sp. Channar) has been recommended for listing as a DRF (Stephen
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van Leeuwen, CALM Karratha, pers. comm.), and will also presumably be included under the EPBC Act
threatened species listing in future.
No current or proposed Declared Rare Flora were recorded during the field survey, and none are
expected to occur due to the absence of appropriate habitat. There are thus no flora present in the
area that are listed under the EPBC Act 1999.
Two Priority Flora, Terminalia supranitifolia and Eriachne tenuiculmis, were recorded. Rare Flora Report
Forms are contained in Appendix D, and the species are discussed individually below.

Terminalia supranitifolia
Priority 1
This tall shrub species is relatively restricted geographically. It is known from a small number of
populations, and is most common on the Burrup Peninsula and adjacent Dolphin Island. T.
supranitifolia was recorded four times during the current survey, from sites B003, B004 and releves RD
and RE. All of these records were from rockpiles or rocky outcrops.
Eriachne tenuiculmis Priority 3
This perennial grass was recorded from two locations within defined creekline habitats (site B010 and
an opportunistic collection). It typically occurred as scattered clumps but was not uncommon. E.
tenuiculmis is common in creeklines on the Burrup Peninsula and surrounds, where it has been
recorded over thirty times (M. Trudgen, pers. comm.). This species is also known from several
locations in the Hamersley Range including Serpentine Creek, Yandi and Millstream (see Atkins, 2001),
all within large creeklines. It has been collected in a number of creeks in the Newman area (Biota
Environmental Sciences, 2001b), was recorded twice from Cape Preston, west of Dampier (see Halpern
Glick Maunsell, 2000), and was recorded 69 times during the West Angelas ERMP botanical survey
(Trudgen & Casson, 1998). Eriachne tenuiculmis is poorly collected rather than uncommon, and has
been recommended for deletion from the Priority list (M. Trudgen, pers. comm.).
Several other flora taxa are of note for various reasons, including restricted geographical range and/or
undescribed status. These 'Flora of Interest' are discussed briefly below.

Corchorus walcottii
While this name has been misapplied to a wide variety of species, true C. walcottii appears to be
relatively restricted geographically, with lodged specimens only from the Burrup Peninsula and from
near Port Hedland. It is fairly common on the Burrup Peninsula and adjacent islands (M. Trudgen, pers.
comm.). It was recorded seven times in various habitats during the current study, from sites B002,
B005, B006, B007, B010 and two opportunistic collections.
Indigofera monophylla (Burrup form)
This grey form of the common but variable Indigofera monophylla is very common on the Burrup
Peninsula and adjacent islands, and has also been recorded from the Abydos Plain (M. Trudgen, pers.
comm). It was recorded seven times in various habitats during the current survey, from sites B001,
B002, B005, B007, B009, B010 and a single opportunistic collection.
Rhynchosia sp. Burrup (82-1C)
This distinct Rhynchosia taxon has leaflets that are resinous and much smaller than the common
Rhynchosia cf. minima. It appears restricted to the Burrup Peninsula and at least some of the adjacent
islands, but is common in these areas. It was recorded three times during the current survey, from
sites B003, B010 and a single opportunistic collection.
Tephrosia aff. supina (MET 12,357)
The genus Tephrosia includes many more taxa than are currently recognised. This undescribed taxon is
very common on the Burrup Peninsula, including in areas zoned for conservation (M. Trudgen, pers.
comm.). It seems relatively widespread, having been recorded from localities as distant as West
Angelas (Trudgen & Casson, 1998) and west of Dampier (Halpern Glick Maunsell, 2000). While
undescribed, this taxon is considered to be common on the coast, less common inland, and not of
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particular concern for conservation. It was recorded twice during the current survey, from the creekline
sites B005 and B007.

Triodia spp. (Burrup forms)
The three spinifex taxa recorded represent distinct forms of the type species (Triodia angusta, T.
epactia and T. wiseana). T. epactia (Burrup form) appears to be restricted to the Burrup Peninsula and
Dampier Archipelago, although it may also occur on nearby islands and the mainland, while T. wiseana
(Burrup form) and T. angusta (Burrup form) appear to be slightly more widespread (M. Trudgen, pers.
comm.).
Triumfetta appendiculata (Burrup form)
This taxon was recorded twice from the study area, from sites B001 and B010. It is distinct from the
type of T. appendiculata, although the level of difference (ie. taxonomic status) is uncertain at this
stage. While common on the Burrup Peninsula and Dolphin Island, it was not recorded from other
adjacent islands (M. Trudgen, pers. comm.). There are additional records from Karratha and Cape
Preston, however the taxon appears very uncommon off the peninsula (M. Trudgen, pers. comm.).
Euphorbia tannensis subsp. eremophila (Burrup form)
There was one record of this taxon during the current survey, from site B002. This taxon appears to be
common on the Burrup Peninsula, and has also been recorded from three adjacent islands and from
Cape Preston, west of Dampier (M. Trudgen, pers. comm.). It may be quite restricted geographically,
however further work would be required to determine this.
Paspalidium tabulatum (Burrup form)
This taxon was recorded twice during the current study, from sites B004 (a rockpile) and B007 (a
flowline). While common on the Burrup Peninsula and some adjacent islands, it does not appear to
occur on the adjoining mainland (M. Trudgen, pers. comm.).
4.2.3

Introduced Flora

Thirteen introduced species were recorded from the study area (see Appendix C). Four of these
(*Cenchrus ciliaris, *Aerva javanica, *Agave americana and *Malvastrum americanum) are species that
are not native to the State. The remainder (all Acacia or Cassia species) are endemic to the Pilbara but
do not occur naturally on the Burrup Peninsula. These appear to have been introduced through seeding
of rehabilitation areas.
The introduced flora were as follows:
•

Buffel grass *Cenchrus ciliaris was the dominant understorey species in the majority of the
disturbed areas, but has not significantly invaded surrounding intact vegetation.

•

Kapok *Aerva javanica was present in the disturbed areas, but was not observed beyond this.
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•

A single Century plant *Agave americana was observed in the central portion of the study area,
again in a disturbed area (478305 mE, 7720444 mN, AGD 84).

•

Spiked malvastrum *Malvastrum americanum was recorded from a drainage line in the southern
portion of the study area.

•

The following native Pilbara taxa, which do not appear to be endemic to the Burrup Peninsula,
were recorded from the rehabilitation areas or surrounds: Acacia ancistrocarpa, A. gregorii, A.
trachycarpa, A. tumida, an unidentified Acacia species, Cassia helmsii, C. luerssenii, C. oligophylla
x helmsii and C. pruinosa.
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5.0

Fauna

5.1

Land snails

Over 30 sites were examined for snails in the project area (Table 5.1; Figure 5.1). A site was defined
as a small area (up to 20m x 20m) that had homogeneous substrate, vegetation and relief.
Solem (1985) states that “most specimens taken by non-malacologically trained collectors will consist of
dead shells found lying upon open ground. Generally these are worn and bleached to the point that
identification characters cannot be observed.” The collection of live animals is usually more productive
after rains, however there were no such opportunities within the timeframe of this project. All records
of snails were from empty shells, which were collected from open ground or declivities between rocks,
and were generally quite bleached. Fortunately, the species that were collected can be identified from
old shells. Reference collections held by CALM in Karratha were used as an aid to identification.
Published keys (Solem 1986, 1997) were also consulted, although these typically required relatively
fresh adults to be of use for identification purposes (Solem 1997). All snail material was lodged
(currently pending collection numbers) with the Western Australian Museum. The identifications made
here were confirmed by expert examination (Slack-Smith 2002).
Two camaenid land snails (Pulmonata: Camaenidae) were collected from the project area:
1.

Quistrachia legendrei (Figure 5.2) was found predominantly on or around rockpiles, most often
within the declivities between boulders. Live Q. legendrei are generally found sealed to rocks
or other shells (Solem 1997). This species is widespread on the Burrup north of Dampier (P.G.
Kendrick unpublished notes). The shells are thin, subdiscoidal with rounded whorls, a narrow
umbilicus, a thin, slightly reflected outer lip and subcircular open mouth (Iredale 1939). The
shell is a brownish colour in live individuals. Most Quistrachia are distributed in the Pilbara and
south to Carnarvon and there are species still awaiting description (Solem 1985, 1997). No
species appear to be sympatric in Western Australia (Solem 1997) and the key advises that
reference be made to geographical location. According to this key, Q. legendrei is the only
representative of this genus occurring near Dampier. Slack-Smith (2001) also found this
species in similar habitats on an adjacent lease.

2.

Rhagada sp. 12 (G.W. Kendrick and P.G. Kendrick unpublished notes; Figure 5.3) is a large
undescribed species with a low spire. Rhagada sp. 12 was relatively abundant, with empty
shells present in most open areas. It was particularly common in various undisturbed habitats
south of Village Road, less abundant on colluvial slopes, and was also found in or around
rockpiles. Rhagada are ‘free sealers’, secreting calcified epiphragms that are shed quickly when
the snail is exposed to moisture (Solem 1997). This species might have also been collected
from the northern part of the Burrup, several islands in the Dampier Archipelago and Millstream
– Chichester National Park (G.W. Kendrick and P.G. Kendrick unpublished notes). Shells of the
genus Rhagada are distinguished from Quistrachia by their flattened helicoid aspect, inner base
of the lip with a slight tubercle, curved columella (adpressed, generally closing the umbilicus in
the adult, a narrow perforation always visible in juveniles) sculpture of obscure radials only, and
colouration white with a few coloured bands (Iredale 1939). Adult Rhagada sp. 12 are larger
than both R. angulata and R. convicta, and Rhagada sp. 12 is sympatric with R. convicta in
some localities (Slack-Smith 2001).
Slack-Smith (2001) stated that a Rhagada sp. recorded on an adjacent lease (likely to be the
same as Rhagada sp. 12 recorded in the present survey) shelters under rocks, under deep litter
and in the soil at the bases of trees on or at the base of rocky slopes. Within the current
survey area, Rhagada sp. 12 was recorded in relatively high abundance in the southern portion
of the lease on sand/loam associated with Triodia (sites 19-33), and also east of the lease
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boundary on very powdery loam soils with Frankenia and Halosarcia, in addition to the habitats
described above by Slack-Smith (2001).
It is difficult to place the occurrence of Rhagada sp. 12 into a regional context since it has not
been formally described and compared with specimens from elsewhere in the Pilbara thought to
be the same species. Likewise, any cumulative impact from adjacent leases is difficult to assess
without knowing how widespread and abundant the taxon is. However, since much of the site
has already been cleared, the taxon appeared abundant on flat ground adjacent to the lease (to
the east) and since it was also found commonly in rockpiles on the Methanex and the adjacent
lease to the west, the proposed developments in the King Bay – Hearson Cove area are not
likely to cause a significant decline. The priority should be placed on a description of the taxon
at this stage.
It should be noted that, if this taxon requires management in the future, a plan that involves
the provision of habitat should be implemented. Occasional fresh empty shells from
recolonising individuals were observed on the rehabilitated areas, which had probably perished
due to the lack of appropriate habitat.
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Table 5.1:

Locations of land snail survey sites, habitat description and species present.

Site
1

AMG1
478596, 7720345

Species2
R12

2

478576, 7720399

R12, Pc

3

478593, 7720424

R12, Pb, Pc

4
5

478583, 7720440
478644, 7720575

R12
R12

6
7
8
9

478682,
478669,
478521,
478392,

R12, Ql
R12, Ql
R12
R12

10

478349, 7720562

R12

11

478178, 7720549

R12

12

478178, 7720518

R12, Pb

13

478532, 7720276

R12

14
15
16
17
18

477757,
477783,
477841,
477917,
477938,

7720259
7720259
7720273
7720195
7720162

R12, Ql
R12
R12, Ql
R12
R12

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

477900,
477625,
477869,
477881,
478006,
478070,
478144,
478182,
478261,
478334,
478407,
478308,
478346,
477465,

7719500
7719511
7719539
7719536
7719571

R12, Ql
Pb, Pc
R12
R12
R12
R12
R12
R12
R12, Pc
R12, Pc
R12
R12
R12
R12
R12

1
2

7720626
7720663
7720653
7720583

7719579
7719508
7719528
7719544
7719789
7720028
7719655
7719502
7719667

Habitat description
Flat area adjacent shallow drainage depression; pebbles
and rocks; Triodia
Flat area adjacent shallow drainage depression; calcrete
outcrop with brown loam; Triodia
Flat area adjacent site 2; pebbles of dolerite and calcrete;
Triodia
Flat; brown compacted loam, no pebbles; Triodia
Gabbro boulder outcrop; some calcrete pebbles at base;
Triodia
Gabbro boulder outcrop; boulders; no vegetation
Flat; gabbro stones and pebbles; Triodia
Flat; pebble steppe; Triodia
Colluvial slope; gabbro boulders and pebbles over soil;
Triodia
Colluvial slope; gabbro boulders and pebbles over soil;
Triodia
Bank of stony creek; rocks, boulders, litter; Triodia,
Cymbopogon
Pebble-mound composed of calcrete pebbles, colluvial
slope; Triodia
Edge of rehabilitation; boulders and rocks over loam;
sparse buffel grass
Gabbro rockpile; sparse vegetation
Slope base of gabbro rockpile; base of tree, loam; Triodia;
Drainage gully; loam; Triodia
Colluvial slope; rocks and stones; Triodia
Edge of rehabilitation; boulders and rocks over loam;
sparse buffel grass
Granophyre boulder outcrop; Erythrina and Brachychiton
Flat; stones and pebbles over loam; Triodia
Flat; stones and pebbles over loam; Triodia
Rehabilitation; loam; buffel grass
Shallow drainage gully; stones over loam; Triodia
Flat; brown loam; Triodia
Rehabilitation; loam; buffel grass
Flat; dead vegetation, brown sand/loam; Triodia
Flat; brown sand/loam; Triodia
Flat; dead vegetation, brown sand/loam; Triodia
Granophyre boulder outcrop; Triodia
Granophyre boulder outcrop; Triodia and buffel grass
Flat; brown sand/loam; Triodia
Flat; powdery brown loam; Frankenia and Halosarcia
Flat; rocks and pebbles over loam; Triodia

Given in AMG coordinates, Zone 50, AGD 84 datum; eastings are abbreviated for brevity.
Species abbreviations: R12: Rhagada sp. 12, Ql: Quistrachia legendrei, Pb: Pupoides aff. beltianus (dextrally
coiling taxon), Pc: Pupoides contrarius (sinistrally coiling taxon).
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Figure 5.1:

Location of snail sampling sites and Pseudomys chapmani pebble mounds
(refer to Table 5.1 for descriptions of each site). Species abbreviations are R: Rhagada sp.

12, Q: Quistrachia legendrei, Pb: Pupoides aff. beltianus, Pc: Pupoides contrarius.
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Figure 5.2:

The camaenid snail Quistrachia legendrei. These snails are relatively easy to
identify by the wide aperture and their brown colour when fresh.

Figure 5.3:

The undescribed camaenid snail Rhagada sp. 12. These snails have a smaller
aperture than Q. legendrei and have a striped pattern.
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Small pupilloid gastropods (Pulmonata: Pupillidae) were also collected. Two species were identified
using the key of Solem (1986), distinguished by the direction in which the shell coils (Figure 5.4). The
shells with dextral coiling could be one of two species, both of which are found in the Pilbara (Solem
1986; Pupoides aff. beltianus and P. lepidulus). Sinistrally coiling shells were keyed to P. contrarius. P.
aff. beltianus and P. contrarius have been identified previously by G.W. Kendrick from the Burrup (P.G.
Kendrick pers. comm.) and Slack-Smith (2001) recorded both on an adjacent lease.
There are taxonomic issues with both P. aff. beltianus and P. contrarius. Dextrally coiled pupillids that
are distributed between the Pilbara and Shark Bay are similar to Pupoides beltianus that occurs in
Central Australia. The lack of sufficient material prevented a more detailed comparison previously
(Solem 1986, 1988). P. contrarius has a wide range along the west of Western Australia between
Broome, the Monte Bello Islands, Shark Bay and the Houtman Abrolhos. However, two species may be
present within P. contrarius, distinguished on the basis of size (Solem 1986).
The distribution of Pupoides is widespread, with complexes of species occurring in North America and
the West Indies, India, the Middle East and parts of Africa, and also the semi-arid areas of Australia.
Solem (1986) states that
“there has been no agreement as to whether dextral and sinistral populations are genetic
variants or distinct species. The present material suggest that distinct species are involved.
Wherever a dextral and sinistral form were microsympatric, there were noticeable size and
shape differences between the two morphs. … Thus I am predicting that species level
differences are involved.”
Examination of the material collected in the present study found that both dextral and sinistral forms
occurred microsympatrically at several snail sampling sites (Table 5.1). A superficial comparison of both
forms (i.e. side by side) did not reveal any noticeable differences in size or the shape of the shell or
aperture. One nodular barrier was present in all cases.
Slack-Smith (2001) found these two pupillids on higher ground including rocky outcrops (P. aff.
beltianus), and also on low-lying land, which included brown sandy soils and soils with pebbles (P.
contrarius). The present study found both pupillids mainly on pebbly calcrete soils, and on adjacent
brown loams associated with Triodia and thin algal or cyanobacterial mats that commonly form on arid
soils after rain.
A third species of pupillid collected on the adjacent lease (Gastrocopta ?pilbarana; Slack-Smith 2001)
may also be present in the proposed site. In that study, G. ?pilbarana was less common and appeared
to be restricted to rocky outcrops. Although the amount of rocky outcrop is restricted in the present
study site, further intensive searches may record G. ?pilbarana. Specimens recorded from the Burrup
previously show similarities to both G. pilbarana and G. deserti (review in Slack-Smith 2001). Since the
current project will avoid rocky areas, a significant impact on Burrup G. ?pilbarana is unlikely.
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Figure 5.4:

5.2

Small pupilloid gastropods, possibly Pupoides aff. beltianus (dextrally coiled)
and P. contrarius (sinistrally coiled). Shells are
c. 4mm in length.

Pseudomys chapmani

Three pebble mounds were located in the project area. Table 5.2 lists the GPS coordinates of each
mound as well as the Mound Condition Index (Anstee 1996), and their location is indicated in Figure
5.1. Mound condition is based on an assessment of the height and complexity of the mound, the height
of the parapet around the hole and the condition of the hole itself. All mounds were located in
vegetation types dominated by hummock grassland, occurring on skeletal colluvial soils containing small
pebbles of calcrete. Pebble mounds were not observed on scree, on soils containing stones over c. 5cm
in diameter, or sandy soils. All pebble mounds located were very old and had been vacated for quite a
considerable time (condition 0). There were no indications that P. chapmani currently occurs in the
project area.
Table 5.2:

Locations and Mound Condition Index (Anstee 1996) of P. chapmani pebble
mounds located on this survey.
PMM No.
1
2
3

5.3

Easting
478593
478590
478178

Northing
7720407
7720433
7720518

MC Index
0
0
0

Planigale sp. and Lerista ‘muelleri’

Four Planigale sp. were trapped in pits at the CALM site 16 north of the watertanks on Village Road.
These have been submitted to the WAM (M49195 - 49198). Genetic work has recently been completed
on planigales at the South Australian Museum (Cooper et al. 2001). The planigales collected during the
present survey appear to be ‘Planigale sp.1’ (although unfortunately not able to be included in the study
of Cooper et al. 2001) which is distinguished, as an initial tentative identification, from the other Pilbara
species by its slightly longer ears and pelage colour. This taxon was genetically different from P.
maculata. The original planigale specimen collected on the Burrup is also probably Planigale sp 1.
One L. ‘muelleri’ was captured in a pit trap at Mt Wongama (CALM Site 8). This form of L. ‘muelleri’ has
been collected previously from the Burrup (P.G. Kendrick pers. comm.). Intensive searches in crushed
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Triodia along vehicle tracks and in leaf litter below eucalypts and acacias yielded no specimens. Other
species captured are listed in Table 5.4.
Two forms of L. ‘muelleri’ are present on the Burrup Peninsula, distinguished on the basis of gross
morphological differences. Genetic evaluation using allozymes confirmed that these two forms were
distinct taxa and also that both are present in other parts of the Pilbara (Smith et al. 2001).
There are numerous other reptile taxa that currently await revision (R. Howe and L. Smith pers.
comm.), and recommendations are provided in Section 6.3 in relation to this issue on the Burrup
Peninsula.

5.4

Bats

Attributes from echolocation calls recorded with electronic call detectors were entered into the
discriminant function of McKenzie and Muir (2000; Table 5.3). A scatterplot was constructed to
facilitate identification (Figure 5.5).

Taphozous georgianus (Figure 5.6) was recorded at ‘Gully’ and ‘Cowrie Cove’. Chalinolobus gouldii
(Figure 5.7) is identified from one call sequence recorded at ‘Gully’. Vespadelus finlaysoni (Figure 5.8)
was recorded at all three bat sampling sites. Mormopterus loriae (Populations U and V in Adams et al.
1988; Figure 5.9) is identified (based on comparison with K. Armstrong unpublished data) from two call
sequences at ‘Cowrie Cove’. Time between calls in Figures 5.3-5.6 has been compressed to allow more
calls in the illustration.
It is unlikely that any bat species roost within the project area, although V. finlaysoni may roost in the
rockpiles which surround the lease. One V. finlaysoni was observed previously foraging over a rockpile
on Village Road (Biota Environmental Sciences 2001a).
Flying foxes (Pteropus sp.) have been observed previously west of the project area in the King Bay
mangal, and it is possible that another mangal specialist species (Nyctophilus arnhemensis) is also
present (Biota Environmental Sciences 2001a). Butler and Butler (1983) have also recorded Pteropus
scapulatus from the Burrup Peninsula. Flying foxes, M. loriae and N. arnhemensis, could be affected by
activities that reduce the quality of the mangal. M. loriae is described as Data Deficient by Duncan et
al. (1999) and listed as Priority 1 by the Department of Conservation and Land Management Priority
fauna Listing (October 2001).
Table 5.3:

Attributes of bat echolocation calls (Mean ± Standard Error) recorded within
the project area (n: number of sequences analysed).

Species
Taphozous georgianus
Chalinolobus gouldii
Vespadelus finlaysoni
Mormopterus loriae

n
2
1
13
2

Dur
10.2 ± 0.85
7.49 ± 0.29
5.5 ± 0.33
7.04 ± 0.54

Fend
24.16 ± 0.29
30.69 ± 0.18
56.5 ± 0.21
32.62 ± 0.48

Fmax
27.06 ± 0.63
41.43 ± 0.92
69.06 ± 1.6
37.95 ± 0.79

35

Methanex Burrup Site Vegetation, Flora and Fauna Assessment

Figure 5.5:

Scatterplot of points calculated from the Dur, Fend and Fmax variables and
the discriminant function of McKenzie and Muir (2000). The key indicates the sites
that were surveyed (small gully to the west of the project area, and mangal at Cowrie Cove and
King Bay). Cg: Chalinolobus gouldii, Ml: Mormopterus loriae Tg: Taphozous georgianus, and Vf:
Vespadelus finlaysoni.

Figure 5.6:

Echolocation trace of Taphozous georgianus. A 40 kHz calibration tone is also
present.
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Figure 5.7:

Echolocation call trace of a bat identified as Chalinolobus gouldii. Calls at the
higher frequencies (above 55 kHz) are from V. finlaysoni.

Figure 5.8:

Echolocation trace of Vespadelus finlaysoni.
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Figure 5.9:

5.5

Echolocation trace of a bat identified as Mormopterus loriae based upon
unpublished reference calls (K. Armstrong, unpublished data) (see Figures 5.2
and 5.4 for comparison of this call with C. gouldii).

Other Fauna

Table 5.4 contains an annotated list of other fauna observed within the project area, and those
recovered from pit traps within and outside the area. A total of 12 species of bird were observed in the
project area (Table 5.5). None of these species have an elevated conservation status with the
exception of the Bush Stone-curlew, which is listed as Priority 4 on the Department of Conservation and
Land Management Threatened Fauna Listing (October 2001; see Appendix E for a definition of this
Priority listing). The Bush Stone-curlew has a wide distribution in Western Australia and prefers lightly
wooded country (Johnstone and Storr 1998). The proposed development is not likely to have a
significant effect on this species.
Appendix E contains lists of species previously recorded from the Burrup Peninsula. This includes a
table of bird species which are specially protected. Two additional vertebrate species have an elevated
conservation status: the Pilbara Olive Python Liasis olivaceus barroni (Schedule 1) and the Water Rat H.
chrysogaster (Priority 4).
The rockpiles on the Burrup are known to be inhabited by the Pilbara Olive Python. Several individuals
have been observed and studied in rockpiles south of the flats area near Hearson Cove and there are
records from parts of the Burrup further north (D. Pearson, CALM, pers. comm.). Since the proposed
infrastructure is to be located away from rockpiles, it is anticipated that there will be no significant
impact on daytime refugia adjacent to the lease. The absence of permanent fresh water within the
lease means that this area is not likely to support this species in significant numbers.
The Water Rat H. chrysogaster is a relatively widespread species but is known from only a few selected
locations in the Pilbara (Olsen 1995). While the size of the population recorded by Butler and Butler
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(1983) is not known, the project area does not contain their core habitat and the risk to this species is
small.
The bats Macroderma gigas and Rhinonicteris aurantius have not been recorded from the Burrup and
are not expected to occur there due to the absence of suitable habitat. The specimen of R. aurantius
from Karratha probably arrived there after being transported on a car radiator grill (Armstrong and
Anstee 2000; Armstrong 2001). The Lakeland Downs Mouse Leggadina lakedownensis is also not likely
to occur on the Burrup due to the absence of suitable habitat (Armstrong et al. in prep.). The Goldenbacked Tree-rat Mesembriomys macrurus is presumed extinct in the Pilbara since there have been no
records other than the original reference (Dahl 1897).
None of the reptile, mammal or bird species recorded from or likely to occur within the study area are
endemic to the Burrup Peninsula, with all also occurring elsewhere in the Pilbara. The proposed site
does not contain significant populations or important breeding sites of any specially protected fauna.
There is a limited range of habitats available to fauna on the Burrup Peninsula compared to the
remainder of the region, with no extensive open water, extensive woodland or riparian habitat.
Migratory waders would not utilise the proposed site significantly but do occur in adjacent mangal
habitats, which should be managed to prevent their deterioration. The cumulative effect of removing
habitat from the Methanex lease and adjacent leases is not likely to affect any vertebrate species
significantly, especially since most of the lease has been cleared previously.
Table 5.4:

Annotated list of fauna, excluding bird sightings.

Species
Varanus acanthurus
V. brevicauda
Varanus sp.
Diplodactylus conspicillatus
Gehyra punctata
G. variegata
Ctenophorus caudicinctus
C. isolepis
Ctenotus rubicundus
C. saxatilis
Lerista ‘muelleri’
Menetia greyii
Pseudechis australis
Tachyglossus aculeatus
Planigale sp. 1
Macropus robustus

Location and comments
One captured at Bloodwood Flat (Site 11)
One captured at Watering Cove Track (Site 12)
Tracks and diggings observed throughout the project area
One captured at Bloodwood Flat (Site 11)
Three observed while spotlighting on rockpiles
One captured at Watering Cove Track (Site 12)
Two adult males observed
Burrows were common in sandy habitats.
Two captured at Mt Wongama (Site 8)
Captured at all CALM trapping sites
One captured at Mt Wongama (Site 8)
Captured adjacent to the project area (50 477500, 7719150)
Dead specimen at the watertank track turnoff
Scats and diggings observed throughout the project area
Four captured at Watertanks (Site 16)
Abundant throughout the project area. Diggings were also
abundant.

WAM No.
R146581
R146582
R146579
R146580
M49195 - 49198
-
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Table 5.5:

Annotated bird list from the project area.

Common Name

Genus species

Notes

Bush Stone-curlew
Crested Pigeon

Burhinus grallarius
Ocyphaps lophotes

One heard at night within the project area

P4

Little Corella
Galah
Red-backed Kingfisher
Singing Honeyeater
Yellow-throated Miner
Black-faced Woodswallow
Pied Butcherbird
Richard’s Pipit
Zebra Finch

Cacatua sanguinea
Cacatua roseicapilla
Todiramphus pyrrhopygia
Lichenostomus virescens
Manorina flavigula
Artamus cinereus
Cracticus nigrogularis
Anthus novaeseelandiae
Taeniopygia guttata

Spinifexbird

Eremiornis carteri

P4

Total of five observed on different
occasions
Flock of four observed
Flocks of between 6-30
One observed on two occasions
Observed singly on several occasions
Two observed
Flock of seven observed
One observed
One observed
Flock of over 40 individuals observed on
several occasions
Two observed

Priority 4 on the Department of Conservation and Land Management Threatened Fauna Listing (October 2001).
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6.0

Conclusions and Recommendations

6.1

Vegetation and Flora

6.1.1

Conservation Value of the Vegetation

The conservation value of the vegetation of the study area is addressed in the following sections at
both regional and Burrup Peninsula scales.
•
Regional Scale
Colluvial slopes are relatively rare in the Abydos Plain, which is more generally dominated by
sandplains. While rockpiles are common on the Abydos Plain, these make up a small proportion of the
overall land area. In addition, the structure and geology of the rockpiles vary dramatically, influencing
the associated vegetation. Rockpiles of the Burrup have been shown to support very distinct floristic
communities from those occurring elsewhere along the coast (eg. at Cape Preston) (Trudgen & Griffin,
2002). Creekline habitat is widespread on the Abydos Plain but has a small representation in terms of
area.
All three of these broad habitats on the Burrup Peninsula have been shown to support quite different
vegetation to that occurring on similar landforms in the region (Trudgen & Griffin, 2002). In a general
sense, any given area of vegetation on the Burrup Peninsula is therefore likely to be distinct from the
surrounding areas, and should be assigned at least a moderate conservation value.
•
Burrup Peninsula Scale
The study area lies on one edge of the King Bay to Hearson's Cove valley, which has been highlighted
as representing an unusual system within the Burrup Peninsula and thus having a moderate to high
conservation value in itself (M. Trudgen, pers. comm.). The Methanex lease does not extend
southwards to encompass the most restricted vegetation types associated with the valley (specifically
those occurring on the coastal sands and saline tidal flats).
While colluvial slopes are relatively well represented on the Burrup, these are typically of the steeper
form as seen in the most northern section of the study area. Gentle colluvial slopes, such as those
comprising the southern portion of the study area, are less well represented overall. The largest areas
of this habitat are found in the King Bay to Hearson's Cove valley (M. Trudgen, pers. comm.).
Hummock grassland vegetation of the steeper colluvial slopes of the study area (AiHcTwTe) is thus
likely to have a greater representation on the Burrup Peninsula than that occurring on the lower slopes
(AbTwTe, AbGpTeTw). All of the hummock grassland vegetation types were in relatively good
condition, with limited weed invasion. These vegetation types should be considered to have a
moderate conservation significance.
Rockpile and rocky outcrop habitats comprise a smaller proportion of the peninsula than the above
habitat, and those within the study area were in very good condition, with little or no weed invasion.
The vegetation of the small rocky knoll (BaEveTe) would be extremely restricted on the Burrup
Peninsula. This was the only location in the study area at which Erythrina vespertilio was observed.
This species is uncommon on the Burrup Peninsula, and even in areas of the Pilbara where it is more
common, typically occurs as scattered trees. Vegetation type BaEveTe is therefore considered to be
very uncommon and is of high conservation significance. The rockpile vegetation type AoBaFbReSs is
likely to have a broader distribution, but is still of high conservation significance given the presence of
the Priority 1 flora species Terminalia supranitifolia.
The creekline vegetation types have a relatively minor distribution on the Burrup compared to the
colluvial slope vegetation types. The creeklines are believed to be of moderate conservation
significance due to their relatively limited representation. The Terminalia canescens dominated flowline
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(TcTe) is relatively unusual in its location on a lower slope, occurring more typically on upper slope
habitats.
The degraded vegetation of the rehabilitation areas (ACc) has no particular conservation value and the
development should utilise these areas preferentially wherever possible.
The vegetation conservation significance is summarised in Table 6.1.
Table 6.1:

Conservation significance of vegetation of the study area.

Vegetation Type

Extent within
Survey Area (ha)
Colluvial Slope Vegetation
0.21
AiHcTwTe
22.39
AbTwTe
23.90
AbGpTeTw
Rockpile / Rocky Outcrop Vegetation
1.31
AoBaFbReSs

BaEveTe
Creekline Vegetation
EviAbTaTe
ChAiAcTe
TcTe
GpTa
Rehabilitation Vegetation
ACc
6.1.2

0.10
1.96
2.69
0.36
0.58
46.77

Conservation Significance
Moderate: best representation within the King Bay Hearson's Cove valley; relatively undisturbed

High: substantial representation beyond Burrup is
unlikely; supports Priority 1 flora; relatively
undisturbed; good representation of northern flora
elements
High: very restricted on Burrup; supports Priority 1
flora; relatively undisturbed
Moderate: relatively undisturbed; support habitat
specific flora

Low: degraded

Conservation Value of the Flora

The study area has a moderate to high species richness when compared with an 'average' Pilbara
location of similar size, with a total of 88 native flora recorded from a relatively small area of intact (ie.
undisturbed) vegetation. This reflects the presence of three very different broad habitat types (colluvial
slopes, creeklines, and rockpiles / rocky outcrops). It should again be noted that the actual floristic
richness of the area is certainly higher than the current data would indicate: the survey area was
visited only once, and the timing of the field survey was not suitable for collection of a number of
additional annual or cryptic species which would only be recorded following significant rainfall.
Two Priority flora were recorded from the Methanex site. The Priority 1 Terminalia supranitifolia has a
relatively restricted distribution in the Fortescue Botanical District, with the largest populations known
from the Burrup Peninsula. The Priority 3 Eriachne tenuiculmis is poorly collected rather than genuinely
rare, and has been recommended for deletion from the Priority Flora listing (M. Trudgen, pers. comm.).
This species thus has little conservation significance.
Several other flora recorded from the study area represent distinct species or subspecies that have a
distribution either restricted to the Burrup Peninsula and nearby islands, or extending somewhat onto
coastal areas of the mainland. Such species include the dominant spinifex taxa Triodia angusta (Burrup
form), T. epactia (Burrup form) and T. wiseana (Burrup form), the low shrub Triumfetta appendiculata
(Burrup form), the creeper Rhynchosia sp. Burrup (82-1C) and the grass Paspalidium tabulatum (Burrup
form). The taxonomic standing and conservation status of these taxa is currently unclear.
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Given the moderate to high species richness and the presence of several uncommon and/or
geographically restricted species, the conservation value of flora of the study area is considered to be
moderate to high.

6.2

Fauna

Four species of land snail were identified from the project area using published keys and unpublished
notes. These identifications were confirmed by the Western Australian Museum (WAM). Two of these
snail taxa currently await further collecting and formal scientific description: Rhagada sp. 12 and
Pupoides aff. beltianus. It is also possible that this may be complicated by unresolved issues with the
taxonomy of pupilloids that coil in opposite directions. A fifth species of snail, Rhagada sp. Hearson
Cove, was not found within the project area but has been collected nearby. This taxon has not yet
been collected beyond Hearson Cove. Rhagada sp. 12 has been collected elsewhere on the Burrup
Peninsula.
Three P. chapmani pebble mounds were located in the project area. None of these showed evidence of
recent use, all having mound activity indices (sensu Anstee 1996) of 0. It is very unlikely that P.
chapmani currently exists in the project area or would be likely to recolonise it in the near future.
Four Planigale sp. 1 were collected from pit traps north of the watertanks on Village Road. Previously,
only one specimen of Planigale had been collected from the Burrup, despite an intensive trapping
program by CALM in the mid 1990s. The recent captures have confirmed the presence of this taxon on
the Burrup and provide material for use in future work on Planigale taxonomy (particularly
morphological studies). This taxon is not currently listed as threatened.
One Lerista ‘muelleri’ was collected from nearby Mt Wongama and lodged with the Western Australian
Museum for use in taxonomic studies (R146579). This form of L. ‘muelleri’ has been collected
previously from the Burrup. A number of other Pilbara reptiles that have taxonomic issues are present
on the peninsula but none would be significantly impacted by the proposed activities.
Three bat species were positively identified from echolocation call attributes, either foraging within or
over the project area (Chalinolobus gouldii, Vespadelus finlaysoni and Taphozous georgianus). These
species have been recorded previously on the Burrup Peninsula. One additional species, Mormopterus
loriae, was identified from mangal habitat using unpublished call data. Further study on the call
structure of M. loriae is required and further surveys for bats need to be conducted on the Burrup
Peninsula. Any activity that reduces the quality of the nearby mangal would potentially reduce the size
of the habitat available for M. loriae (a widespread but Data Deficient species; Duncan et al. 1999;
CALM Priority 1) and N. arnhemensis. There are expected to be no significant impacts on bats from the
current proposed development.
Fourteen other vertebrate fauna species were recorded opportunistically during the survey, both within
the project area and at nearby CALM trapping sites. A bird species list compiled for the Burrup
Peninsula by R. Johnstone (WAM) identified several species which are either listed as ‘migratory’ under
the Federal Environment Protection and Biodiversity Conservation Act 1999 or listed as Priority 4 on the
Department of Conservation and Land Management Threatened Fauna Listing (October 2001). One of
these was recorded during the current survey (Bush Stone-curlew Burhinus grallarius). Other,
previously conducted assessments have indicated that adjacent developments are unlikely to impact
directly on any listed migratory birds that utilise the area (Sinclair Knight Merz, 2001; Astron
Environmental, 2001b).
Only one specially protected mammal is likely to occur in or near the project area, but is unlikely to be
significantly affected (Water-rat Hydromys chrysogaster; Priority 4).
The Pilbara Olive Python Liasis olivaceus barroni, which is protected under Schedule 1 of the Wildlife
Conservation (Specially Protected Fauna) Notice 2001, is known to occur on the Burrup Peninsula,
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including near Hearson Cove (S. van Leeuwen, pers. comm.). This species was not specifically targeted
during the present survey (although spotlighting was carried out) and no individuals were detected.
The proposed development is not expected to directly impact rocky areas, which form the core habitat
of this snake. However, this species may still disperse or forage within the project area.

6.3

Recommendations

In order to protect the biological values of the study area, the following recommendations are made:
1.

Further seasonal floristic survey work should be conducted in 2002 following summer rainfall.
The outcomes of this study may result in additional recommendations.

2.

Given the moderate to high conservation value of the vegetation and flora of the study area,
development should be restricted to historically disturbed areas (vegetation type ACc) as far as
possible. These areas are already degraded and have no particular conservation significance.

3.

If clearing of additional areas is required, locations of Priority flora must be taken into account
and protected from disturbance. If this is not possible, then liaison should be undertaken with
CALM to develop suitable management procedures.

4.

Clearing of significant vegetation types (particularly the rocky outcrop and rockpile units BaEveTe
and AoBaFbReSs) should be avoided. Disturbance to the remaining vegetation types should be
minimised.

5.

Disturbed areas remaining after construction of the plant should be rehabilitated. Species used in
seed mixes must be appropriate to the area, and seed should be collected locally on the Burrup
Peninsula.

6.

Since the Burrup Peninsula is regarded as being well surveyed for fauna, the present study
adopted the approach of directing survey effort to poorly known fauna groups together with a
program of funding research on some of these that occur specifically on the proposed site or
nearby on the Burrup. This was considered to be a more appropriate strategy than duplicating
general survey work, and these projects would significantly improve the existing knowledge of
fauna on the Burrup. It is recommended that the proponent support the following relevant
research projects:
•

Further studies to assist with resolving taxonomic issues of snail taxa. The most obvious
candidate is Rhagada sp. 12, which was the most noticeably abundant gastropod in the
project area and may have a restricted distribution on the Burrup. Taxonomic research on
the second undescribed Rhagada species from Hearson Cove could be conducted for little
additional cost under the same funding opportunity and would be appropriate given the close
proximity of the proposed infrastructure to its only known habitat.

•

Further taxonomic work on Western Australian Planigale species, particularly morphology and
updating museum collections. A genetic comparison has recently been completed, however
robust taxonomic work requires that the results of both genetic and morphological studies be
corroborated. After the revision of a genus, museum collections need to be updated, which
is time consuming and requires effort over and above normal curatorial work.

•

Research on reptile species occurring on the Burrup Peninsula that require further taxonomic
work. An ideal candidate would be the legless lizard Delma pax. This species occurs in the
Pilbara (including the Burrup) and the Canning Basin, but there are unresolved problems in
this taxon, with variation in specimens keying to D. pax.
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7.

In keeping with the spirit of adjacent developers, participate and assist in a collaborative study of
measures to minimise bird impacts and encourage their continued use of habitats on the Burrup
through the development of an industry group for the King Bay - Hearson Cove Industrial Area.

8.

The proponent should be aware of the potential for the Pilbara Olive Python Liasis olivaceus
barroni to occur within the plant area. A management plan should be developed and
implemented to reduce potential causes of mortality, and facilitate the removal and translocation
of individuals that are found on site.
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Appendix A

Raw Data for Detailed Flora Survey Sites

Burrup Methanol
Described by MM
AMG Zone 50
Habitat
Soil
Vegetation
Veg Condition
Fire Age
Notes
Dominant species:
Associated species:

Opportunistic species:
Burrup Methanol
Described by MM
AMG Zone50
Habitat
Soil
Vegetation
Veg Condition
Fire Age
Notes
Dominant species:
Associated species:

Burrup Methanol
Described by MM
AMG Zone 50
Habitat
Soil
Vegetation
Veg Condition
Fire Age
Notes

Site B001
Date 29/10/2001
Quadrat Size 50x50m
477619mE, 7719645mN
477621mE, 7719697mN
477671mE, 7719694mN
477676mE, 7719648mN
Colluvial slope: low footslope, southerly aspect
Shallow orange loam with continuous surface layer of pebbles, stones and rocks
Acacia bivenosa scattered tall shrubs over Grevillea pyramidalis subsp. pyramidalis high open
shrubland over Triodia epactia (Burrup form), T. wiseana (Burrup form) dense hummock
grassland
Very good; occasional vehicle track
Unburnt for 3-5 years?
Aust Geod '84 datum

Acacia bivenosa (<1%), Grevillea pyramidalis subsp. pyramidalis (5%), Triodia epactia (Burrup
Form) (30-40%), T. wiseana (Burrup Form) (30-40%)
Acacia colei var. colei, A. pyrifolia (slender, white), Aristida holathera var. holathera, Boerhavia
gardneri, Bonamia media var. villosa, Cassytha capillaris, Crotalaria novae-hollandiae subsp.
novae-hollandiae, Gossypium australe (Burrup Peninsula form), Hakea chordophylla,
Indigofera monophylla (Burrup form), Mukia maderaspatana, Polycarpaea longiflora,
Pterocaulon sphacelatum, Ptilotus exaltatus var. exaltatus, Solanum horridum, S. phlomoides,
Streptoglossa sp., Tephrosia rosea var. clementii, Trichodesma zeylanicum var. zeylanicum,
Triumfetta appendiculata (Burrup Form), T. clementii
Cassia glutinosa
Site B002
Date 29/10/2001
Quadrat size 30x80m
477828mE, 7719673mN
477846mE, 7719651mN
477787mE, 7719597mN
477767mE, 7719623mN
Colluvial slope: low stony slope, southerly aspect
Calcareous orange-brown loam with scatters of stones and calcareous nodules
Acacia bivenosa high open shrubland over Triodia wiseana (Burrup form) dense hummock
grassland
Very good
Unburnt for 3-5 years?
Aust Geod '84 datum

Acacia bivenosa (2-3%), Triodia epactia (Burrup Form) (<1%), T. wiseana (Burrup Form) (7585%)
Acacia colei var. colei, A. coriacea subsp. coriacea, A. inaequilatera, *Aerva javanica,
Boerhavia gardneri, Cassia luerssenii, C. pruinosa, Cassytha capillaris, *Cenchrus ciliaris,
Corchorus walcottii, Crotalaria medicaginea (Burrup form; B65-11), Cynanchum floribundum,
Dichrostachys spicata, Euphorbia tannensis subsp. eremophila (Burrup form), Goodenia
microptera, Gossypium australe (Burrup Peninsula form), Grevillea pyramidalis subsp.
pyramidalis, Hakea chordophylla, Hybanthus aurantiacus, Indigofera monophylla (Burrup
form), Mukia maderaspatana, Pluchea ferdinandi-muelleri, Pterocaulon sphacelatum, Solanum
horridum, S. phlomoides, Trichodesma zeylanicum var. zeylanicum, Triumfetta clementii
Site B003
Date 30/10/2001
Quadrat size 25x40m
477665mE, 7720093mN
477631mE, 7720066mN
477635mE, 7720093mN
477665mE, 7720113mN
Rockpile: boulder rockpile
Virtually none within rockpile itself; shallow orange-brown clay loam round base
Ficus brachypoda, Brachychiton acuminatus scattered tall shrubs to high open shrubland
Very good; occasional weed
Long unburnt
Aust Geod '84 datum. 2-3m band of Cymbopogon ambiguus tussock grassland around base of
rockpile.

Dominant species:
Associated species:

Burrup Methanol
Described by MM
AMG Zone 50
Habitat
Soil
Vegetation
Veg Condition
Fire Age
Notes
Dominant species:
Associated species:

Opportunistic species:
Burrup Methanol
Described by MM
AMG Zone 50
Habitat
Soil
Vegetation
Veg Condition
Fire Age
Notes
Dominant species:
Associated species:

Brachychiton acuminatus (1-2%), Cymbopogon ambiguus (40-50%) (only around base), Ficus
brachypoda (<1%), Triodia epactia (Burrup Form) (10-15%)
Acacia bivenosa, A. coriacea subsp. coriacea, *Aerva javanica, Alectryon oleifolius subsp.
oleifolius, Boerhavia gardneri, Cajanus cinereus, Cleome viscosa, Dicliptera armata, Ehretia
saligna var. saligna, Ficus opposita var. aculeata, Flueggea virosa subsp. melanthesoides,
Grevillea pyramidalis subsp. pyramidalis, Ipomoea costata, Jasminum didymum subsp. lineare,
Pentalepis trichodesmoides, Plumbago zeylanica, Polycarpaea longiflora, Rhagodia eremaea,
Rhynchosia sp. Burrup (82-1C), Scaevola spinescens (broad form), Terminalia supranitifolia,
Tinospora smilacina, Trichodesma zeylanicum var. zeylanicum
Site B004
Date 30/10/2001
Quadrat size 50x50m
477873mE, 7720289mN
477914mE, 7720319mN
477887mE, 7720361mN
Rockpile: boulder rockpile
Virtually none within rockpile itself; loam in patch of scree infill along upper part of quadrat.
Brachychiton acuminatus scattered tall shrubs over Rhagodia eremaea, Alectryon oleifolius subsp.
oleifolius, Scaevola spinescens (broad form) scattered shrubs to open shrubland
Very good
Long unburnt
Aust Geod '84 datum. 2-3m band of Cymbopogon ambiguus tussock grassland around base of
rockpile.

Alectryon oleifolius subsp. oleifolius (<1%), Rhagodia eremaea (1-2%), Scaevola spinescens
(broad form) (<1%), Triodia epactia (Burrup Form) (<1%)
Acacia coriacea subsp. coriacea, Brachychiton acuminatus, Cassia glutinosa, Cymbopogon
ambiguus, Cynanchum floribundum, Dichrostachys spicata, Ehretia saligna var. saligna,
Enchylaena tomentosa, Ficus opposita var. indecora, Flueggea virosa subsp. melanthesoides,
Grevillea pyramidalis subsp. pyramidalis, Ipomoea costata, Mukia maderaspatana, Paspalidium
tabulatum (Burrup Form), Pentalepis trichodesmoides, Pittosporum phylliraeoides var.
phylliraeoides, Plumbago zeylanica, Ptilotus obovatus var. obovatus, Terminalia supranitifolia,
Tinospora smilacina
Capparis spinosa var. nummularia
Site B005
Date 30/10/2001
Quadrat size 15x120m
478685mE, 7720509mN
478698mE, 7720505mN
478785mE, 7720576mN
Creekline: minor creekline
Brown coarse loam with scatters of pebbles and stones
Eucalyptus victrix low woodland over Acacia bivenosa scattered tall shrubs over Triodia angusta
(Burrup form), T. epactia (Burrup form) mid-dense hummock grassland
Very good
Burnt ?3 years ago - blackened sticks noted
Aust Geod '84 datum

Acacia bivenosa (<1%), Eucalyptus victrix (15%), Triodia angusta (Burrup Form) (50%), T.
epactia (Burrup Form)(2-5%)
Acacia colei var. colei, A. coriacea subsp. coriacea, A. pyrifolia (green form), A. pyrifolia
(slender, white form), Alectryon oleifolius subsp. oleifolius, Cassytha capillaris, Corchorus
walcottii, Cymbopogon ambiguus, Evolvulus alsinoides var. villosicalyx, Flueggea virosa subsp.
melanthesoides, Gossypium australe (Burrup Peninsula form), Indigofera monophylla (Burrup
form), Mukia maderaspatana, Pterocaulon sphacelatum, Rhagodia eremaea, Scaevola
spinescens (broad form), Tephrosia aff. supina (MET 12,357)

Burrup Methanol
Described by MM
AMG Zone 50
Habitat
Soil
Vegetation
Veg Condition
Fire Age
Notes
Dominant species:
Associated species:

Burrup Methanol
Described by MM
AMG Zone 50
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Soil
Vegetation
Veg Condition
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Notes
Dominant species:
Associated species:

Opportunistic species:
Burrup Methanol
Described by MM
AMG Zone 50
Habitat
Soil
Vegetation
Veg Condition
Fire Age
Notes
Dominant species:
Associated species:
Opportunistic species:

Site B006
Date 30/10/2001
Quadrat size 50x50m
478510mE, 7720387mN
478496mE, 7720436mN
478544mE, 7720450mN
Colluvial slope
Orange-brown sandy loam; calcareous nodules in area of Triodia wiseana
Mixed: Acacia bivenosa, Cassia glutinosa scattered tall shrubs over Triodia wiseana (Burrup form)
mid-dense hummock grassland; Hakea chordophylla, Acacia inaequilatera scattered tall shrubs
over Triodia epactia (Burrup form) mid-dense hummock grassland
Very good
Unburnt for 3-5 years?
Aust Geod '84 datum. Western edge of site (with T. wiseana) on higher, more calcareous
substrate.

Triodia epactia (Burrup Form) (50-60%), T. wiseana (Burrup Form) (30-45%)
Acacia bivenosa, A. colei var. colei, A. inaequilatera, A. pyrifolia (slender, white form), *Aerva
javanica, Cassia glutinosa, C. helmsii, Cassytha capillaris, Corchorus walcottii, Grevillea
pyramidalis subsp. pyramidalis, Hakea chordophylla, Mukia maderaspatana, Ptilotus exaltatus
var. exaltatus, Tinospora smilacina
Site B007
Date 31/10/2001
Quadrat size 50x50m
478459mE, 7720493mN
478426mE, 7720534mN
478463mE, 7720569mN
Creekline: broad drainage area
Brown loam with quartz pebbles and stones scattered throughout
Corymbia hamersleyana scattered low trees over Acacia inaequilatera, A. coriacea subsp. pendens
high open shrubland over Triodia epactia (Burrup form) mid-dense hummock grassland
Very good; occasional weed
Unburnt for 3-5 years?
Aust Geod '84 datum

Acacia coriacea subsp. pendens (1-2%), A. inaequilatera (3-5%), Corchorus walcottii (1-2%),
Corymbia hamersleyana (1-2%), Dichrostachys spicata (<1%), Rhagodia eremaea (<1%),
Triodia epactia (Burrup Form) (50%)
Acacia bivenosa, A. colei var. colei, A. pyrifolia (green form), *Aerva javanica, Alectryon
oleifolius subsp. oleifolius, Cassia glutinosa, Cassytha capillaris, *Cenchrus ciliaris,
Cymbopogon ambiguus, Flueggea virosa subsp. melanthesoides, Grevillea pyramidalis subsp.
pyramidalis, Indigofera monophylla (Burrup form), Ipomoea costata, Jasminum didymum
subsp. lineare, Mukia maderaspatana, Paspalidium tabulatum (Burrup form), Pittosporum
phylliraeoides var. phylliraeoides, Pterocaulon sphacelatum, Scaevola spinescens (broad form),
Tephrosia aff. supina (MET 12,357), Trichodesma zeylanicum var. zeylanicum, Triumfetta
clementii
Cassia pruinosa, Santalum lanceolatum
Site B008
Date 31/10/2001
Quadrat size 50x50m
478177mE, 7720493mN
478147mE, 7720453mN
478113mE, 7720495mN
Colluvial slope: lower slope of low hill
Brown fine sandy loam with continuous surface layer of pebbles and stones
Hakea chordophylla, Acacia inaequilatera scattered shrubs over Triodia wiseana (Burrup form)
mid-dense hummock grassland
Very good
Burnt ?3 years ago - blackened sticks noted
Aust Geod '84 datum. Triodia epactia further upslope from site, and on areas surrounding creek
to east

Triodia epactia (Burrup Form) (1-2%), T. wiseana (Burrup Form) (30-40%)
Acacia bivenosa, A. colei var. colei, A. inaequilatera, *Aerva javanica, Bonamia media var.
villosa, Grevillea pyramidalis subsp. pyramidalis, Hakea chordophylla, Swainsona formosa
Acacia arida, Corymbia hamersleyana

Burrup Methanol
Described by MM
AMG Zone 50
Habitat
Soil
Vegetation
Veg Condition
Fire Age
Notes
Dominant species:
Associated species:
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Site B009
Date 31/10/2001
Quadrat size 10x150m
478216mE, 7719785mN
478232mE, 7719788mN
478243mE, 7719637mN
Creekline: drainage 'ditch' (?natural) to east of disturbed area
Brown fine sandy loam with scattered stones and rocks
Grevillea pyramidalis subsp. pyramidalis scattered shrubs over Triodia angusta (Burrup form) middense hummock grassland
Very good
Unburnt for 3-5 years?
Aust Geod '84 datum

Grevillea pyramidalis subsp. pyramidalis (<1%), Stemodia grossa (<1%), Triodia angusta
(Burrup form) (50-70%)
Acacia bivenosa, A. colei var. colei, A. pyrifolia (slender, white form), Adriana tomentosa var.
tomentosa, Cassytha capillaris, *Cenchrus ciliaris, Cymbopogon ambiguus, Cyperus vaginatus,
Gossypium australe (Burrup Peninsula form), Hybanthus aurantiacus, Indigofera monophylla
(Burrup form), *Malvastrum americanum, Mukia maderaspatana, Pluchea ferdinandi-muelleri,
Pterocaulon sphacelatum, Scaevola spinescens (broad form), Solanum horridum, Trichodesma
zeylanicum var. zeylanicum
Site B010
Date 31/10/2001
Quadrat size 15x200m
477520mE, 7719667mN
477536mE, 7719669mN
477578mE, 7719482mN
Creekline: minor creekline
Brown fine sandy loam with cobble of stones and rocks
Terminalia canescens high shrubland over Triodia epactia (Burrup form) mid-dense hummock
grassland
Very good
Unburnt for 3-5 years?
Aust Geod '84 datum.

Corymbia hamersleyana (<1%), Eriachne tenuiculmis (1-2%), Terminalia canescens (2030%), Triodia epactia (Burrup Form) (30-40%)
Acacia bivenosa, A. pyrifolia (green form), A. pyrifolia (slender, white form), Adriana
tomentosa var. tomentosa, Cassytha capillaris, *Cenchrus ciliaris, Corchorus walcottii,
Cymbopogon ambiguus, Cyperus vaginatus, Dichrostachys spicata, Dicliptera armata, Eriachne
mucronata, Evolvulus alsinoides var. villosicalyx, Flueggea virosa subsp. melanthesoides,
Grevillea pyramidalis subsp. pyramidalis, Indigofera monophylla (Burrup form), Mukia
maderaspatana, Phyllanthus maderaspatensis var. angustifolius, Pterocaulon sphacelatum,
Rhagodia eremaea, Rhynchosia sp. Burrup (82-1C), Scaevola spinescens (broad form),
Stemodia grossa, Tephrosia rosea var. clementii, Trichodesma zeylanicum var. zeylanicum,
Triumfetta appendiculata (Burrup Form)

Burrup Methanol
Opportunistic collections from various locations
Abutilon sp., Acacia ancistrocarpa, A. arida, A. bivenosa, A. colei var. colei, A. coriacea subsp. coriacea, A. coriacea subsp.
pendens, A. gregorii, A. inaequilatera, A. pyrifolia (green form), A. pyrifolia (slender, white), A. stellaticeps, A. synchronicia, A.
trachycarpa, A. tumida, Acacia sp., Adriana tomentosa var. tomentosa, *Aerva javanica, *Agave americana, Alectryon
oleifolius subsp. oleifolius, Brachychiton acuminatus, Cajanus cinereus, Capparis spinosa var. nummularia, Cassia notabilis,
Cassia oligophylla x helmsii, *Cenchrus ciliaris, Corchorus walcottii, Corymbia hamersleyana, Crotalaria cunninghamii,
Crotalaria medicaginea (Burrup form; B65-11), C. novae-hollandiae subsp. novae-hollandiae, Cullen leucochaites, Cymbopogon
ambiguus, Cynanchum floribundum, Cyperus vaginatus, Dichrostachys spicata, Dicliptera armata, Diplopeltis eriocarpa, Ehretia
saligna var. saligna, Eriachne tenuiculmis, Erythrina vespertilio, Eucalyptus victrix, Flueggea virosa subsp. melanthesoides,
Grevillea pyramidalis subsp. pyramidalis, Indigofera monophylla (Burrup form), Ipomoea costata, Jasminum didymum subsp.
lineare, Operculina aequisepala, Pittosporum phylliraeoides var. phylliraeoides, Polycarpaea longiflora, Pterocaulon
sphacelatum, Rhagodia eremaea, Rhynchosia cf. minima, Rhynchosia sp. Burrup (82-1C), Santalum lanceolatum, Scaevola
spinescens (broad form), Swainsona formosa, Terminalia supranitifolia, Triodia angusta (Burrup Form), T. epactia (Burrup
Form), T. wiseana (Burrup Form), Triumfetta clementii

Appendix B

Extract of Dendrogram Produced by PATN
Analysis of Data from the Burrup
Peninsula and Surrounds

Appendix C

Vascular Flora Recorded from the Methanex
Study Area
NB.

* denotes flora introduced to Western Australia
† denotes flora that are probably introduced to the Burrup Peninsula
Correspondence of Cassia / Senna nomenclature

Cassia glutinosa
Cassia helmsii
Cassia luerssenii
Cassia notabilis
Cassia oligophylla x helmsii
Cassia pruinosa

Senna glutinosa subsp. glutinosa
Senna artemisioides subsp. helmsii
Senna glutinosa subsp. x luerssenii
Senna notabilis
Senna artemisioides subsp. oligophylla x helmsii
Senna glutinosa subsp. pruinosa

FAMILY / Species
# Collections
031: POACEAE
Aristida holathera var. holathera
1
*Cenchrus ciliaris
5
Cymbopogon ambiguus
9
Eriachne mucronata
1
Eriachne tenuiculmis (Priority 3)
2
Paspalidium tabulatum (Burrup Form)
2
Triodia angusta (Burrup Form)
3
Triodia epactia (Burrup Form)
12
Triodia wiseana (Burrup Form)
5
032: CYPERACEAE
Cyperus vaginatus
3
056B: AGAVACEAE
*Agave americana
1
087: MORACEAE
Ficus brachypoda (hirsute and glabrous
forms)
2
Ficus opposita var. aculeata
1
Ficus opposita var. indecora
1
090: PROTEACEAE
Grevillea pyramidalis subsp. pyramidalis
11
Hakea chordophylla
4
092: SANTALACEAE
Santalum lanceolatum
2
105: CHENOPODIACEAE
Enchylaena tomentosa
1
Rhagodia eremaea
7
106: AMARANTHACEAE
*Aerva javanica
6
Ptilotus exaltatus var. exaltatus
2
Ptilotus obovatus var. obovatus
1
107: NYCTAGINACEAE
Boerhavia gardneri
3
113: CARYOPHYLLACEAE
Polycarpaea longiflora (dead)
4
122: MENISPERMACEAE
Tinospora smilacina
3
131: LAURACEAE
Cassytha capillaris
7
137A: CAPPARACEAE
Capparis spinosa var. nummularia
3
Cleome viscosa
1
152: PITTOSPORACEAE
Pittosporum phylliraeoides var.
phylliraeoides
3
163: MIMOSACEAE
†Acacia ancistrocarpa
1
Acacia arida
2
Acacia bivenosa
10
Acacia colei var. colei
9
Acacia coriacea subsp. coriacea
7
Acacia coriacea subsp. pendens
2
†Acacia gregorii
1
Acacia inaequilatera
5
Acacia pyrifolia (green form)
5
Acacia pyrifolia (slender, white form)
6

FAMILY / Species
# Collections
163: MIMOSACEAE (continued)
Acacia stellaticeps
1
Acacia synchronicia
1
†Acacia trachycarpa
1
†Acacia tumida
1
†Acacia sp.
1
Dichrostachys spicata
5
164: CAESALPINIACEAE
Cassia glutinosa
4
†Cassia helmsii
1
†Cassia luerssenii
1
Cassia notabilis
1
†Cassia oligophylla x helmsii
1
†Cassia pruinosa
2
165: PAPILIONACEAE
Cajanus cinereus
2
Crotalaria cunninghamii
1
Crotalaria medicaginea (Burrup form;
B65-11)
2
Crotalaria novae-hollandiae subsp.
novae-hollandiae
2
Cullen leucochaites
1
Erythrina vespertilio
1
Indigofera monophylla (Burrup form)
7
Rhynchosia cf. minima
2
Rhynchosia sp. Burrup (82-1C)
3
Swainsona formosa
2
Tephrosia aff. supina (MET 12,357)
2
Tephrosia rosea var. clementii
2
185: EUPHORBIACEAE
Adriana tomentosa var. tomentosa
4
Euphorbia tannensis subsp. eremophila
(Burrup form)
1
Flueggea virosa subsp. melanthesoides
6
Phyllanthus maderaspatensis var.
angustifolius
1
207: SAPINDACEAE
Alectryon oleifolius subsp. oleifolius
6
Diplopeltis eriocarpa
1
220: TILIACEAE
Corchorus walcottii
7
Triumfetta appendiculata (Burrup form)
2
Triumfetta clementii
6
221: MALVACEAE
Abutilon sp. (resprouting, sterile)
1
Gossypium australe (Burrup Peninsula
form)
4
*Malvastrum americanum
1
223: STERCULIACEAE
Brachychiton acuminatus
4
243: VIOLACEAE
Hybanthus aurantiacus
2
272: COMBRETACEAE
Terminalia canescens
1
Terminalia supranitifolia (Priority 1)
4

FAMILY / Species
# Collections
273: MYRTACEAE
Corymbia hamersleyana
4
Eucalyptus victrix
2
294: PLUMBAGINACEAE
Plumbago zeylanica
2
301: OLEACEAE
Jasminum didymum subsp. lineare
4
305: ASCLEPIADACEAE
Cynanchum floribundum
3
307: CONVOLVULACEAE
Bonamia media var. villosa
2
Evolvulus alsinoides var. villosicalyx
2
Ipomoea costata
4
Operculina aequisepala
1
310: BORAGINACEAE
Ehretia saligna var. saligna
3
Trichodesma zeylanicum var. zeylanicum
6

FAMILY / Species
315: SOLANACEAE
Solanum horridum
Solanum phlomoides
316: SCROPHULARIACEAE
Stemodia grossa
325: ACANTHACEAE
Dicliptera armata
337: CUCURBITACEAE
Mukia maderaspatana
341: GOODENIACEAE
Goodenia microptera
Scaevola spinescens (broad form)
345: ASTERACEAE
Pentalepis trichodesmoides
Pluchea ferdinandi-muelleri
Pterocaulon sphacelatum
Streptoglossa sp. (dead)

# Collections
3
2
2
4
8
1
9
2
2
7
1

Appendix D

Rare Flora Report Forms

Appendix E

Fauna Recorded Previously from the
Burrup Peninsula

Appendix E1:

Records of mammals sourced from the Western Australian Museum
mammal database for the Burrup Peninsula (Latitude: 20°30'0"S to 20°43'0"S,
Longitude: 116°36'0"E to 116°55'0"E). Names follow How et al. (2001). Additional
observations from Butler and Butler (1983) and Butler (1994) are also included
(marked with * and # respectively).

Family
TACHYGLOSSIDAE
DASYURIDAE

MACROPODIDAE

PTEROPODIDAE
EMBALLONURIDAE
VESPERTILIONIDAE
MURIDAE

CANIDAE
FELIDAE
BOVIDAE
1
2

Genus species
Tachyglossus aculeatus
Dasykaluta rosamondae
Dasyurus hallucatus
Pseudantechinus roryi
Planigale maculata
Ningaui timealyi
Macropus robustus
M. rufus
Petrogale rothschildi1
Pteropus scapulatus
Taphozous georgianus
Vespadelus finlaysoni2
Pseudomys delicatulus
P. hermannsburgensis
Zyzomys argurus
Zyzomys argurus
Mus musculus
Rattus rattus
R. tunneyi
Hydromys chrysogaster
Canis familiaris
Vulpes vulpes
Felis catus
Ovis aries

Butler (1994) lists Petrogale lateralis.
As V. pumilis on WAM database.

Common name
Echidna
Little Red Kaluta
Northern Quoll*#
Rory’s Pseudantechinus
Common Planigale
Pilbara Ningaui
Euro
Red Kangaroo#
Rothschild’s Rock-wallaby
Little Red Flying-fox#
Common Sheathtail-bat*#
Finlayson’s Cave Bat
Delicate Mouse
Sandy Inland Mouse
Common Rock-rat
Common Rock-rat
House Mouse
Black Rat
Pale Field-rat
Water-rat*#
Dog*#
Fox*#
Cat*#
Sheep

Appendix E2:

Records of amphibians and reptiles sourced from the Western Australian
Museum herpetofauna database for the Burrup Peninsula (Latitude:
20°30'0"S to 20°43'0"S, Longitude: 116°36'0"E to 116°55'0"E). The Pilbara Olive
Python Liasis olivaceus barroni is not included on this list but is known to occur on
the Burrup Peninsula (see Section 5.5).

Family
HYLIDAE
MYOBATRACHIDAE
AGAMIDAE

GEKKONIDAE

PYGOPODIDAE

SCINCIDAE

VARANIDAE

BOIDAE

Genus species
Cyclorana maini
Litoria rubella
Notaden nichollsi
Ctenophorus caudicinctus caudicinctus
C. isolepis isolepis
Lophognathus gilberti gilberti
Crenadactylus ocellatus horni
Diplodactylus conspicillatus
D. savagei
D. stenodactylus
Gehyra pilbara
G. punctata
G. variegata
Heteronotia binoei
Oedura marmorata
Strophurus ciliaris aberrans
S. elderi
Delma borea
D. pax
D. tincta
Lialis burtonis
Carlia triacantha
Cryptoblepharus carnabyi
C. plagiocephalus
Ctenotus pantherinus ocellifer
C. rubicundus
C. saxatilis
C. serventyi
Cycladomorphus melanops melanops
Egernia pilbarensis
Glaphyromorphus isolepis
Lerista bipes
L. muelleri
Menetia greyii
M. surda surda
Morethia ruficauda exquisita
Notoscincus ornatus ornatus
Varanus acanthurus
V. eremius
V. pilbarensis
V. tristis tristis
Antaresia perthensis
A. stimsoni stimsoni
Aspidites melanocephalus

Appendix E2:
Family
COLUBRIDAE
ELAPIDAE

TYPHLOPIDAE

HYDROPHIIDAE

Records of reptiles and amphibians – continued.

Genus species
Fordonia leucobalia
Acanthophis wellsi
Demansia psammophis cupreiceps
D. rufescens
Furina ornata
Pseudechis australis
P. nuchalis
Suta punctata
Ramphotyphlops ammodytes
R. australis
R. grypus
Aipysurus laevis
Ephalophis grayae
Hydrelaps darwiniensis

Annotated list of birds recorded on the Burrup Peninsula.

Emu
Stubble Quail
Brown Quail

Black Swan

Australian Shelduck
Grey Teal
Brown Booby

Pied Cormorant

Australian Pelican

Lesser Frigatebird
White-faced Heron.

Great Egret

Little Egret
Eastern Reef Heron

Striated Heron
Rufous Night Heron
Black-necked Stork

Osprey

Black-shouldered Kite
Black-breasted Buzzard

Dromaius novaehollandiae
Coturnix pectoralis
Coturnix ypsilophora

Cygnus atratus

Tadorna tadornoides
Anas gracilis
Sula leucogaster plotus

Phalacrocorax varius

Pelecanus conspicillatus

Fregata ariel
Ardea novaehollandiae

Ardea alba

Ardea garzetta
Ardea sacra

Butorides striatus
Nycticorax caledonicus
Ephippiorhynchus asiaticus
australis
Pandion haliaetus

Elanus caeruleus axillaris
Hamirostra melanosternon

CASUARIIDAE
PHASIANIDAE

ANATIDAE

SULIDAE

PHALACROCORACIDAE

PELECANIDAE

FREGATIDAE
ARDEIDAE

ACCIPITRIDAE

CICONIIDAE

Common name

Genus species

Family

Uncommon in ones and twos. Sheltered seas, tidal creeks and
saltwork ponds.
Uncommon visitor.
Uncommon in ones and twos. Mainly over coast.

Scarce nomad. Recorded just outside the area.
Uncommon. Recorded just outside the area.
Uncommon. Coastal spinifex flats (including Spinifex longifolius and
Triodia).
Scarce visitor. Small flocks (up to 30) reported at base of peninsula
and at Dampier Salt.
Scarce.
Scarce at tidal creeks and saltwork ponds.
Moderately common in enclosed waters (Nickol Bay, Withnell Bay
and Mermaid Sound).
Moderately common. Mainly sheltered seas, tidal creeks and
saltwork ponds.
Common in small groups (up to 50). Nomadic. Sheltered seas, tidal
creeks, samphire flats and saltwork ponds.
Scarce. Seas on both sides of the peninsula.
Uncommon. Recorded in tidal creeks, sheltered reef flats, beaches
and saltwork ponds.
Scarce or uncommon. Recorded in mangrove creeks and saltwork
ponds.
Uncommon. Tidal flats and saltwork ponds.
Common. Tidal mud, reef flats and mangal, also rocky shores and
saltwork ponds.
Moderately common. Mangal (e.g. King Bay) also tidal flats.
Uncommon. Mangrove creeks and saltwork ponds.
Uncommon. Mainly tidal creeks and mudflats also saltwork ponds.

Comments

Data sourced from the Storr-Johnstone Bird Data Bank, including data compiled by D. Hembree between February 1973 and June 1974; visit to the
area by R. E. Johnstone in October 1980; Butler (1987); Astron Environmental (1999, 2000); and a visit by C. Davis in October 2001. Nomenclature
and sequence follows Johnstone (2001).

Appendix E3:

Brahminy Kite
Brown Goshawk

Collared Sparrowhawk

Little Eagle
Wedge-tailed Eagle
White-bellied Sea-Eagle

Spotted Harrier

Swamp Harrier

Brown Falcon

Australian Kestrel

Australian Hobby
Australian Bustard

Little Button-quail

Black-tailed Godwit

Haliastur indus girrenera
Accipiter fasciatus fasciatus

Accipiter cirrocephalus
cirrocephalus
Aquila morphnoides
Aquila audax
Haliaeetus leucogaster

Circus assimilis

Circus approximans

Falco berigora berigora

Falco cenchroides cenchroides

Falco longipennis longipennis
Ardeotis australis

Turnix velox

Limosa limosa melanuroides

OTIDIDAE

TURNICIDAE

SCOLOPACIDAE

FALCONIDAE

Whistling Kite

Haliastur sphenurus

Common name

Black Kite

Genus species

Annotated list of birds – continued.

Milvus migrans

Family

Appendix E3:
Comments

Scarce or uncommon.
Scarce.
Moderately common over coasts (e.g. King Bay and Withnell Bay).
Favours sheltered seas, tidal creeks and saltwork ponds. Breeding
reported on offshore islands.
Moderately common usually in ones and twos. Favours sparsely
wooded country. Breeding recorded.
Recorded by Astron but would be a rare non-breeding visitor
(February - September) to coastal plains.
Moderately common resident. Usually single birds. Throughout the
peninsula.
Common to moderately common resident and autumn - winter
visitor; in ones, twos and small parties. Throughout the peninsula.
Uncommon, recorded at Withnell Bay in 1987.
Uncommon in ones, twos and threes. Observed in low scrub and
spinifex at base of peninsula in 1973 - 74.
Moderately common in good seasons in ones, twos and small
parties. Mainly spinifex flats near coast.
Scarce to moderately common visitor from northern hemisphere.
Recorded at Nickol Bay, Dampier Salt and Withnell Bay. Favours
rocky and muddy coasts.

Uncommon visitor. Single birds and small flocks (up to 10) over the
area in October 1980.
Common or moderately common, in ones, twos or small parties.
Wooded habitats including mangroves.
Moderately common in ones and twos. Mainly near mangroves.
Mainly a non-breeding visitor. Uncommon to moderately common in
autumn and winter, scarce in spring and summer. Usually in ones
and twos. Reported in mangroves.
Reported just outside the area.

Family

Appendix E3:

Bar-tailed Godwit

Little Curlew

Whimbrel

Eastern Curlew

Marsh Sandpiper

Common Greenshank

Terek Sandpiper

Common Sandpiper

Grey-tailed Tattler

Ruddy Turnstone

Numenius minutus

Numenius phaeopus variegatus

Numenius madagascariensis

Tringa stagnatilis

Tringa nebularia

Tringa cinerea

Tringa hypoleucos

Tringa brevipes

Arenaria interpres interpres

Common name

Limosa lapponica menzbieri

Genus species

Annotated list of birds – continued.

Scarce to moderately common visitor from northern hemisphere.
Recorded at Nickol Bay, Withnell Bay and Dampier Salt. Mainly tidal
mudflats, beaches and saltwork ponds.
Scarce summer visitor from northern hemisphere. Recorded at
Nickol Bay. Favours tidal flats and near-coastal samphire flats.
Common or moderately common visitor from northern hemisphere.
Ones, twos and small flocks. Mainly tidal flats, beaches and saltwork
ponds.
Moderately common visitor from northern hemisphere. One, twos
and small parties. Mainly tidal flats and saltwork ponds.
Uncommon visitor from northern hemisphere. Recorded at Dampier
Saltponds.
Moderately common visitor from northern hemisphere. Usually in
ones, twos or small parties, occasionally flocks. Mainly tidal
mudflats, mangrove creeks and saltwork ponds. Recorded at Nickol
Bay, Dampier Salt ponds and Withnell Bay.
Uncommon visitor from northern hemisphere. Several observed at
Dampier Salt ponds.
Moderately common visitor from northern hemisphere; mainly in
ones and twos. Sheltered salt waters, tidal flats and reef flats.
Recorded at Nickol Bay, Dampier Salt and Withnell Bay.
Common to moderately common visitor from northern hemisphere;
in ones, twos and occasionally flocks (up to 20). Tidal mud and reef
flats, mangrove creeks, beaches and saltwork ponds. Recorded at
Nickol Bay, Dampier Salt and Withnell Bay.
Common visitor from northern hemisphere; in ones, twos and small
flocks. Tidal mudflats and reef flats, beaches and saltwork ponds.
Recorded at Nickol Bay, Dampier Salt (more than 200 in 1987) and
Withnell Bay.

Comments

Sanderling

Red-necked Stint

Sharp-tailed Sandpiper

Curlew Sandpiper

Broad-billed Sandpiper

Red-necked Phalarope

Bush Stone-curlew
Beach Stone-curlew

Pied Oystercatcher

Sooty Oystercatcher

Calidris alba

Calidris ruficollis

Calidris acuminata

Calidris ferruginea

Limicola falcinellus

Phalaropus lobatus

Burhinus grallarius
Esacus neglectus

Haematopus longirostris

Haematopus fuliginosus
opthalmicus
Himantopus himantopus
leucocephalus
Recurvirostra novaehollandiae

BURHINIDAE

HAEMATOPODIDAE

RECURVIROSTRIDAE

Red-necked Avocet

Black-winged Stilt

Great Knot

Calidris tenuirostris

Common name

Red Knot

Genus species

Annotated list of birds – continued.

Calidris canutus rogersi

Family

Appendix E3:
Comments
Uncommon to moderately common visitor from northern
hemisphere; ones, twos or small parties. Tidal mud and sand flats,
also saltwork ponds.
Uncommon visitor from northern hemisphere; in ones, twos or small
flocks. Reported from Dampier Salt in October 2001.
Uncommon visitor from northern hemisphere; usually in small
flocks. Mainly beaches, sandy inlets and saltwork ponds.
Common visitor from northern hemisphere; mainly small flocks,
occasionally large flocks (hundreds or thousands). Tidal flats,
beaches and saltwork ponds. Flocks recorded at Nickol Bay,
Dampier Salt and Withnell Bay.
Common visitor from northern hemisphere; usually in small flocks,
occasionally large flocks (over 100). Mangrove creeks and saltwork
ponds.
Moderately common visitor from northern hemisphere; in ones,
twos, small flocks and on migration large aggregations (hundreds or
thousands). Tidal flats and saltwork ponds.
Uncommon visitor from northern hemisphere; mainly in small flocks.
Reported at Dampier Salt in October 2001.
Uncommon visitor from northern hemisphere; in small flocks.
Recorded at Dampier Salt ponds in October 2001.
Uncommon. In ones or twos. Recorded at Withnell Bay.
Uncommon. Mainly sandy beaches, also tidal flats. Recorded at
Withnell Bay.
Moderately common in pairs or small flocks. Tidal mud and reef flats
and beaches.
Uncommon in pairs or small groups. Tidal reef and mud flats and
sandy beaches.
Scarce to common in ones, twos or flocks (up to 100). Mainly
saltwork ponds.
Nomadic. Common on Dampier Salt ponds in flocks (up to 400).

Pacific Golden Plover

Red-capped Plover

Lesser Sand Plover

Great Sand Plover

Black-fronted Dotterel

Australian Pratincole
Oriental Pratincole

Silver Gull

Gull-billed Tern

Caspian Tern

Lesser Crested Tern
Crested Tern
Fairy Tern

White-winged Black Tern

Charadrius ruficapillus

Charadrius mongolus

Charadrius leschenaultii
leschenaultii

Charadrius melanops

Stiltia isabella
Glareola maldivarum

Larus novaehollandiae
novaehollandia
Sterna nilotica macrotarsa

Sterna caspia

Sterna bengalensis
Sterna bergii
Sterna nereis

Sterna leucoptera

GLAREOLIDAE

LARIDAE

Common name

Pluvialis fulva

CHARADRIIDAE

Grey Plover

Genus species

Annotated list of birds – continued.

Pluvialis squatarola

Family

Appendix E3:

Uncommon summer visitor from northern hemisphere; in ones, twos
or small parties. Mainly tidal mudflats, beaches and saltwork ponds.
Recorded at Nickol Bay, Dampier Salt and Withnell Bay.
Scarce visitor from northern hemisphere; usually single. Recorded at
Dampier Salt ponds in October 2001.
Common resident, in ones, twos, small flocks and aggregations (up
to 200). Mudflats, beaches and saltwork ponds.
Uncommon visitor from northern hemisphere; ones, twos and small
parties. Tidal flats, beaches and saltwork ponds.
Common to moderately common visitor from northern hemisphere;
in ones, twos or small parties. Tidal mudflats, beaches, reef flats
and saltwork ponds. Recorded from Nickol Bay, Dampier Salt and
Withnell Bay.
Moderately common, usually in ones, twos or threes. Mainly
margins of fresh water.
Scarce or rare. Listed by Astron. Favours samphire and grass flats.
Not so far recorded on the Burrup but probably an irregular visitor
from the northern hemisphere. Recorded in large numbers on
adjacent coastal plains.
Uncommon to moderately common. Coasts, sheltered seas and
saltwork ponds.
Uncommon to moderately common; usually in small flocks.
Recorded at Dampier Salt and Withnell Bay.
Moderately common in ones and twos. Sheltered seas, tidal creeks
and saltwork ponds.
Moderately common in small flocks. Mainly sheltered seas.
Moderately common. Sheltered seas and saltwork ponds.
Uncommon. Listed by Astron but scarce close to mainland; favours
offshore islands.
Uncommon to common visitor in ones, twos and small flocks from
Asia. Mainly sheltered seas and Dampier saltponds.

Comments

CUCULIDAE

PSITTACIDAE

COLUMBIDAE

Family
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Domestic Pigeon
Common Bronzewing
Crested Pigeon

Spinifex Pigeon

Diamond Dove

Peaceful Dove

Bar-shouldered Dove

Galah

Little Corella

Cockatiel
Ring-necked Parrot

Budgerigar

Oriental Cuckoo
Pallid Cuckoo

Black-eared Cuckoo
Horsfield’s Bronze Cuckoo

Geophaps plumifera

Geopelia cuneata

Geopelia striata placida

Geopelia humeralis

Cacatua roseicapilla assimilis

Cacatua sanguinea westralensis

Nymphicus hollandicus
Platycercus zonarius zonarius

Melopsittacus undulatus

Cuculus saturatus optatus
Cuculus pallidus

Chrysococcyx osculans
Chrysococcyx basalis

Common name

Columba livia
Phaps chalcoptera
Ocyphaps lophotes

Genus species

Annotated list of birds – continued.
Comments
Introduced species. Listed by Astron.
Uncommon, in ones and twos. Mainly low shrubbery near water.
Common to moderately common throughout the area, in ones, twos
and flocks (up to 50).
Moderately common to common, in ones, twos or small parties.
Lightly wooded areas, also rocky country.
Partly nomadic, attracted to permanent fresh water and seeding
Triodia.
Scarce or uncommon in pairs and small parties. Attracted to
permanent fresh water, rock pools etc.
Moderately common, in ones, twos or small parties. Favours
mangroves and their vicinity (e.g. Withnell Bay) and coastal acacia
scrubs.
Uncommon to moderately common in pairs and small groups.
Recorded feeding on seeds of curly-leaf wattle at Withnell Bay in
October 1980.
Common in pairs and small flocks, occasionally large flocks (several
hundred). Flocks of up to 50 at Dampier Salt in 1973 – 74 and small
flocks feeding on seeds of curly-leaf wattle at Withnell Bay in
October 1980.
Possibly a scarce visitor, recorded just outside the area.
Uncommon, usually in pairs or small parties. Pairs recorded feeding
on river gum blossom on Dampier Peninsula in 1987 (Butler).
Scarce to moderately common, usually in small flocks. Abundance
variable depending on season.
Rare summer visitor from northern Asia. Recorded at Dampier.
Uncommon to moderately common visitor and passage migrant to
the peninsula. Usually single, occasionally in twos. All wooded
habitats.
Scarce visitor, usually single birds.
Uncommon breeding visitor, usually in ones and twos. Favours
acacia thickets and mangroves.

Tawny Frogmouth
Spotted Nightjar
Australian Owlet-nightjar
Fork-tailed Swift

Blue-winged Kookaburra

Red-backed Kingfisher

Sacred Kingfisher

Collared Kingfisher

Rainbow Bee-eater

Variegated Fairy-wren

White-winged Fairy-wren

Red-browed Pardalote

Striated Pardalote

Weebill

Podargus strigoides
Eurostopodus argus
Aegotheles cristatus
Apus pacificus pacificus

Dacelo leachii leachii

Todiramphus pyrrhopygia

Todiramphus sanctus sanctus

Todiramphus chloris pilbara

Merops ornatus

Malurus lamberti assimilis

Malurus leucopterus leuconotus

Pardalotus rubricatus

Pardalotus striatus murchisoni

Smicrornis brevirostris

PODARGIDAE
CAPRIMULGIDAE
AEGOTHELIDAE
APODIDAE

HALCYONIDAE

MEROPIDAE

MALURIDAE

ACANTHIZIDAE

PARDALOTIDAE

Boobook Owl
Barn Owl

Common name

Ninox novaeseelandiae boobook
Tyto alba delicatula

Genus species

Annotated list of birds – continued.

STRIGIDAE
TYTONIDAE

Family

Appendix E3:
Comments
Scarce or uncommon resident and winter visitor.
Uncommon, probably mainly autumn – winter visitor. Recorded at
Withnell Bay.
Uncommon, in most wooded habitats.
Scarce, favours sparsely wooded stony country.
Uncommon, favours wooded habitats.
Irregular visitor from north-east Asia, mainly in small flocks from
November to early April.
Scarce. Recorded for the peninsula but favours river gums on
watercourses.
Moderately common, usually single birds. Favours lightly wooded
habitats.
Moderately common, breeding visitor, winter visitor and passage
migrant. Usually in ones and twos. Mangroves and other wellwooded habitats.
Locally common (e.g. Dampier Salt) but generally uncommon in
mangal on peninsula. Resident, breeding in September – October.
Favours mangal with large trees of Avicennia. This subspecies
endemic to Pilbara.
Moderately common to common, resident, winter visitor and
passage migrant, in ones, twos or small parties, occasionally small
flocks. Favours lightly wooded areas near water.
Uncommon, usually in family parties. Thickets and scrub, including
mangroves.
Moderately common throughout the region in pairs or family parties.
Mainly Triodia and other low vegetation.
Uncommon, in ones and twos. Favours areas with river gums or
other eucalypts near water.
Scarce or uncommon, listed for the peninsula by Astron. Favours
areas with eucalypts.
Scarce or rare. Listed by Astron for the peninsula. Favours river
gums and other eucalypts.

Singing Honeyeater

Grey-headed Honeyeater

White-plumed
Honeyeater
Yellow-throated Miner

Spiny-cheeked
Honeyeater
Orange Chat
Crimson Chat

Mangrove Robin

Mangrove Golden
Whistler
Rufous Whistler

White-breasted Whistler
Mangrove Grey Fantail
Willie Wagtail

Magpie Lark

Lichenostomus virescens

Lichenostomus keartlandi

Lichenostomus penicillatus

Acanthagenys rufogularis

Eopsaltria pulverulenta

Pachycephala melanura melanura

Pachycephala lanioides
Rhipidura phasiana
Rhipidura leucophrys

Grallina cyanoleuca

PETROICIDAE

PACHYCEPHALIDAE

DICRURIDAE

Brown Honeyeater

Lichmera indistincta indistincta

MELIPHAGIDAE

Pachycephala rufiventris

Epthianura aurifrons
Epthianura tricolor

Manorina flavigula

Dusky Gerygone

Gerygone tenebrosa

Common name

Genus species

Annotated list of birds – continued.

Family

Appendix E3:
Comments
Common to moderately common, usually in ones and twos.
Confined to mangroves.
Moderately common to common; in ones, twos or small groups.
Most frequent in mangroves but reported in all wooded habitats.
Common, usually in ones and twos. All wooded habitats including
mangroves.
Uncommon to moderately common and patchily distributed. Usually
in ones and twos. Recorded in rocky areas on the peninsula, also
Withnell Bay.
Uncommon to moderately common in ones, twos or small groups.
Favours areas with river gums and flowering eucalypts and hakeas.
Moderately common in pairs or small parties. Recorded in most
wooded habitats.
Locally moderately common; in ones, twos or small flocks. Mainly
wattle scrubs and mangroves.
Probably occurs in area, reported near Dampier Salt.
Uncommon to common irregular visitor; usually in small flocks.
Sparsely wooded country especially Triodia flats and areas
regenerating after fire.
Common to moderately common; usually in pairs. Confined to
mangroves.
Uncommon to moderately common; usually in ones and twos.
Confined to mangroves.
Scarce or uncommon; in ones and twos. Possibly only an autumn –
winter visitor to this area. All wooded habitats.
Moderately common, in ones and twos. Confined to mangroves.
Common; in ones and twos. Confined to mangroves.
Uncommon to moderately common; mainly in pairs. Most birds are
probably winter visitors and passage migrants from the south.
Favours lightly wooded areas near water.
Uncommon to moderately common; in ones, twos or small parties.
Mainly autumn – winter visitor. Favours sparsely vegetated flats in
vicinity of tall trees and water.

HIRUNDINIDAE

White-winged Triller

White-breasted
Woodswallow
Masked Woodswallow

Black-faced Woodswallow

Little Woodswallow

Pied Butcherbird
Australian Magpie
Western Crow (Torresian
Crow)
Little Crow

Western Bowerbird

Barn Swallow

Welcome Swallow

Tree Martin

Lalage tricolor

Artamus leucorynchus
leucopygialis
Artamus personatus

Artamus cinereus melanops

Artamus minor

Cracticus nigrogularis
Cracticus tibicen tibicen
Corvus orru cecilae

Ptilonorhynchus maculatus
guttatus
Hirundo rustica gutturalis

Hirundo neoxena

Hirundo nigricans nigricans

Corvus bennetti

Black-faced Cuckooshrike

Common name

Coracina novaehollandiae

Genus species

Annotated list of birds – continued.

PTILONORHYNCHIDAE

CORVIDAE

CRACTICIDAE

ARTAMIDAE

CAMPEPHAGIDAE

Family

Appendix E3:
Comments
Moderately common; usually in ones and twos. Recorded in all
wooded habitats. The resident population C. n. subpallida is
augmented in winter by passage migrants of the nominate
subspecies C. n. novaehollandiae from south of state.
Locally common in some winters but generally uncommon; in pairs
and small flocks. Breeding visitor and passage migrant. Favours
lightly wooded areas.
Moderately common; in ones, twos and family parties (up to 8).
Mainly in and near mangroves.
Nomadic visitor; locally and seasonally uncommon to common in
small to large flocks. Lightly wooded areas with flowering trees and
shrubs.
Common; in ones, twos or small parties throughout the peninsula.
Favours lightly wooded country.
Moderately common; in ones, twos or small parties. Usually about
rocky coasts.
Scarce or uncommon; in ones or twos. Lightly wooded areas.
Scarce; in pairs or family parties.
Scarce in ones or twos. Favours habitats with tall trees and water,
also attracted to road kills.
Nomadic. Common in ones, twos and small flocks. Attracted to
habitation and road kills.
Uncommon; in ones and twos. Recorded for Withnell Bay. Favours
rocky country with Ficus in vicinity of water.
Not reported for peninsula but uncommon to moderately common
visitor from north-east Asia to coastal plains of Pilbara from Cape
Keraudren to Exmouth.
Moderately common in ones, twos and small parties over
mangroves and beaches. Probably mainly winter visitor from south.
Common resident, winter visitor and passage migrant. Usually in
small flocks. Often observed hawking over mangroves and mudflats.

Yellow White-eye

Spinifex-bird

Rufous Songlark

Brown Songlark

Singing Bushlark
Mistletoebird

Zebra Finch

Painted Finch

Zosterops luteus

Eremiornis carteri

Cincloramphus mathewsi

Cincloramphus cruralis

Mirafra javanica horsfieldii
Dicaeum hirundinaceum
hirundinaceum
Taeniopygia guttata castanotis

Emblema pictum

ZOSTEROPIDAE

SYLVIIDAE

PASSERIDAE

ALAUDIDAE
DICAEIDAE

Fairy Martin

Hirundo ariel

Common name

Genus species

Annotated list of birds – continued.

Family
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Moderately common; in ones and twos. Most wooded habitats
including mangroves.
Common; in pairs or small flocks (up to 30). Lightly wooded areas in
vicinity of water.
Uncommon to common; usually in pairs or flocks. Mainly rocky hills
with Triodia.

Uncommon to moderately common; usually in small flocks. Mainly
near rock piles, buildings and vicinity of fresh water.
Common; in ones, twos or flocks (up to 20) in mangroves and near
coastal scrub.
Recorded by Astron for the peninsula but coastal records need
confirmation.
Uncommon visitor; in ones and twos. Favours lightly wooded areas
with Triodia, especially near watercourses.
Status uncertain, probably an uncommon visitor. Ones and twos
recorded near Dampier Salt.

Comments

Appendix E4:

List of birds previously recorded on the Burrup Peninsula (please refer to
Appendix E3) that are specially protected.

Family

Genus species

Common name

ANATIDAE

Cygnus atratus
Tadorna tadornoides
Anas gracilis
Sula leucogaster plotus
Fregata ariel
Pandion haliaetus
Elanus caeruleus axillaris
Hamirostra melanosternon
Milvus migrans
Haliastur sphenurus
Haliastur indus girrenera
Accipiter fasciatus fasciatus
Accipiter cirrocephalus cirrocephalus
Aquila morphnoides
Aquila audax
Haliaeetus leucogaster
Circus assimilis
Circus approximans
Falco berigora berigora
Falco cenchroides cenchroides
Falco longipennis longipennis
Ardeotis australis
Limosa limosa melanuroides
Limosa lapponica menzbieri
Numenius minutus
Numenius phaeopus variegatus
Numenius madagascariensis
Tringa stagnatilis
Tringa nebularia
Tringa cinerea
Tringa hypoleucos
Tringa brevipes
Arenaria interpres interpres
Calidris canutus rogersi
Calidris tenuirostris
Calidris alba
Calidris ruficollis
Calidris acuminata
Calidris ferruginea
Limicola falcinellus
Phalaropus lobatus
Burhinus grallarius
Himantopus himantopus
leucocephalus
Recurvirostra novaehollandiae

Black Swan
Australian Shelduck
Grey Teal
Brown Booby
Lesser Frigatebird
Osprey
Black-shouldered Kite
Black-breasted Buzzard
Black Kite
Whistling Kite
Brahminy Kite
Brown Goshawk
Collared Sparrowhawk
Little Eagle
Wedge-tailed Eagle
White-bellied Sea-Eagle
Spotted Harrier
Swamp Harrier
Brown Falcon
Australian Kestrel
Australian Hobby
Australian Bustard
Black-tailed Godwit
Bar-tailed Godwit
Little Curlew
Whimbrel
Eastern Curlew
Marsh Sandpiper
Common Greenshank
Terek Sandpiper
Common Sandpiper
Grey-tailed Tattler
Ruddy Turnstone
Red Knot
Great Knot
Sanderling
Red-necked Stint
Sharp-tailed Sandpiper
Curlew Sandpiper
Broad-billed Sandpiper
Red-necked Phalarope
Bush Stone-curlew
Black-winged Stilt

Conservation
Status1
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
P4
E
E
E
E
E, P4
E
E
E
E
E
E
E
E
E
E
E
E
E
E
P4
E

Red-necked Avocet

E

SULIDAE
FREGATIDAE
ACCIPITRIDAE

FALCONIDAE

OTIDIDAE
SCOLOPACIDAE

BURHINIDAE
RECURVIROSTRIDAE

Appendix E4:

List of specially protected birds – continued.

Family

Genus species

Common name

CHARADRIIDAE

Pluvialis squatarola
Pluvialis fulva
Charadrius ruficapillus
Charadrius mongolus
Charadrius leschenaultii leschenaultii
Charadrius melanops
Glareola maldivarum
Cuculus saturatus optatus
Apus pacificus pacificus
Merops ornatus
Hirundo rustica gutturalis

Grey Plover
Pacific Golden Plover
Red-capped Plover
Lesser Sand Plover
Great Sand Plover
Black-fronted Dotterel
Oriental Pratincole
Oriental Cuckoo
Fork-tailed Swift
Rainbow Bee-eater
Barn Swallow

CUCULIDAE
APODIDAE
MEROPIDAE
HIRUNDINIDAE

Conservation
Status1
E
E
E
E
E
E
E
E
E
E
E

1

E: List of Migratory Species under the Environmental Protection and Biodiversity Conservation Act
1999. This national list of Migratory Species consists of those species listed under the following
international conventions: Japan-Australia Migratory Bird Agreement (JAMBA), China-Australia Migratory
Bird Agreement (CAMBA), Convention on the Conservation of Migratory Species of Wild Animals
(BonnConvention).
No species listed on Schedules 1, 3 or 4 under the Wildlife Conservation (Specially Protected Fauna)
Notice 2001 have been recorded previously on the Burrup Peninsula.
P4: Species included under Priority 4 on the Department of Conservation and Land Management Priority
Fauna Listing (October 2001). This includes taxa which are considered to have been adequately
surveyed, or for which sufficient knowledge is available, and which are considered not currently
threatened or in need of special protection, but could be if present circumstances change. These taxa
are usually represented on conservation lands.
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1.

Introduction

The Water Corporation intends to construct and operate a seawater supply and desalination
system on the Burrup Peninsula to service the requirements of new industrial developments in
the area. Methanex would receive water from the Water Corporation supply and return
wastewater to the discharge return line. The proposed desalination system would be located at
King Bay and would include the return of brine and cooling water via a pipeline into the bay.
The diffuser would be located in approximately 4 to 8 meters depth of water in an area of mud /
sand bottom.
In order to determine the impacts of such a discharge on the marine environment it is important
to establish the present state of the marine environment in the area of the proposed brine
discharge.
This report presents the results of background data collection at the proposed site and a
reference site in King Bay.
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2.

Methods

The sites that were sampled for baseline monitoring in King Bay are described in Section 3.1.
Water quality and sediment sampling was conducted on 3/12/01 and physico-chemical profiles
and the deployment of pearl oysters for biomonitoring were completed on 4/12/01.

2.1 Water Quality Sampling
Nutrients
Three replicate water samples were collected for nutrient analysis from just below the water
surface at each site. Each replicate consisted of the following:
Two unfiltered samples were placed in clean 125 mL HDPE bottles. Two samples were filtered
through Whatman GF/C filters followed by 0.45 µm membrane filters (Schelsicher & Schuell).
Filtered samples were collected into 10 mL laboratory-grade vials that can be placed directly
into an auto-analyser to avoid decanting samples. All samples were placed on ice in the dark
and frozen at the end of the day for transport to Perth.
Unfiltered samples were analysed for total nitrogen (TN) and total phosphorous (TP). Filtered
samples were analysed for nitrate + nitrite (NO3 + NO2), ammonia nitrogen (NH4) and filterable
reactive phosphorous (FRP, or orthophosphate).
Only one each of the unfiltered and filtered samples from each replicate was used for analysis,
as the remaining two samples were retained as spares if required.
Total Suspended Solids
Total suspended solids (TSS) was determined by filtering a known volume of water (normally
2 L) and trapping the TSS on to a pre-weighed Whatman GF/C filter. Filtration was done in the
field using a filter tower and vacuum pump. Samples were placed on ice in the dark and frozen
at the end of the day. TSS analysis by loss on ignition was conducted on three replicate samples
for each site.
Chlorophyll
Three replicate water samples were collected for chlorophyll analysis from just below the water
surface at each site. Samples were collected by filtering a known volume of water (normally
2 L) through a Whatman GF/C filter, which retained any chlorophyll-containing microalgae.
Filtration was done in the field using a filter tower and vacuum pump. The filters were then
wrapped in foil and placed on ice in the dark. Chlorophyll a, b and c were determined by the
Marine and Freshwater Research Laboratory (MAFRL) at Murdoch University using the
trichromatic method.
Metals
Analysis of metals dissolved in water was conducted on three replicate samples collected from
just below the water surface at each site. Samples were filtered through Whatman GF/C filters
followed by 0.45µm membrane filters (Schelsicher & Schuell). Filtered water samples were
collected into 10 mL laboratory-grade vials that can be placed directly into an auto-analyser to
avoid decanting samples. Samples for mercury (Hg) were collected into 125 mL (HDPE)
bottles, as the analysis required a larger volume. All water samples were transported in a dark
container, on ice and delivered to the analysis laboratory (MAFRL) within 48 hours of
collection.

WV02214.540:APPENDIX 4 KING BAY BASELINE MONITORING RESULTS.DOC

PAGE 4

2.2 Physico-Chemical Water Column Profiles
Profiles were taken of the water column from the surface to the bottom at the two sampling sites
using a multi-probe. The parameters measured included turbidity, pH, temperature, salinity,
conductivity and dissolved oxygen. Profiles for each site were conducted within <30 minutes of
each another, during the same stage of an outgoing tide. Unfortunately, because of tide times
and logistics it was not possible to attempt profiles during both the incoming and outgoing tide.
Temperature and Salinity Logging
Combined temperature and salinity loggers for deployment were not available at short notice
from the manufacturers or for hire and were not deployed at the two locations as had been
intended.
Advice from Mermaid Marine indicated that site 1 may be subject to disturbance from large
vessels laying mooring cables across the site, hence there is also the possibility of a logger being
lost or damaged. Note that the oyster mooring at site 1 had been dragged approximately 25 m
from the deployment location and the surface float had been torn off, possibly by a boat
propeller.

2.3 Sediment Sampling
Three replicate sediment core samples were collected for nutrient and metals analysis at each
location. Samples were collected by a diver using a polycarbonate tube to extract a core from
the top 150 mm of sediment, taking care to include the fine surface sediment layer. Replicates
were spaced approximately 1 m apart. Core samples were transferred into sterile 250 mL
Whirl-packs (Nasco) taking care not to lose the fine surface sediment. Samples were placed on
ice in the dark but not frozen.
All sediment samples were transported in a dark container, on ice and delivered to the analysis
laboratory (MAFRL) within 24 hours of collection. Sediment samples were analysed for total
Kjeldahl nitrogen (TKN) and total phosphorous (TP) and the following metals: Ag, Al, Cd, Co,
Cr, Cu, Hg, Ni, Pb, Sn, V and Zn.

2.4 Biomonitoring
Biomonitoring using Golden Lip Pearl Oysters (Pinctada maxima) was undertaken at the outlet
and reference sites. Six oysters were deployed at each site, in a standard six-shell panel held
approximately 0.5 m above the bottom by a large sub-surface float and heavy mooring anchor.
Oysters were deployed on 4/12/01 and retrieved on 13/01/02. Upon retrieval the shells were
opened and three replicate samples taken for each site, with each sample comprised of the flesh
from two shells. A background sample of three replicates was also taken from six additional
shells at the time of deployment.
Metals analysis was conducted on each sample and included Ag, Cd, Co, Cr III, Cr VI, Cu, Hg,
Ni, Pb, Sn, V and Zn.
2.4.1

Video Survey

Video transects were planned but could not be conducted due to poor visibility at the site during
both the deployment and retrieval dives.
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3.

Results and Discussion

3.1 Selection of Sites
Two sites were selected for sampling; the proposed outfall location (Site 1) and a reference site
on the southern side of King Bay (Site 2 Figure 3-1). The main criteria for selection of the
reference site was that it be similar to the outfall site in physical characteristics such as depth,
bottom composition and benthic habitat type. Additionally, the reference site was required to be
a suitable distance from the influence of the outfall. Discussions with Water Corporation
indicated that modelling of salinity plume dispersion showed that the south-western side of
King Bay would be most suitable.
Investigation of potential reference sites found sites 3 and 4 to be coral and rock rubble substrate
and site 5 to be too shallow. Consequently, none of these sites were considered to be suitable as
a reference site. Site 2 was the only location found to be similar in depth, bottom composition
and benthic habitat to Site 1 and was therefore chosen as the reference site. Site 2 is located
approximately 500 m south of Site 1 on the opposite side of the channel to the Mermaid Marine
dock.
Exact site locations were recorded on GPS and are included below in Table 3-1.

Site 1, Outfall
Site 2, Reference
Site 4

Site 5

Site 3

Figure 3-1 Sampling sites in King Bay
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SITE

Description of bottom

Depth at time of
sampling
(at high tide ~4m
above chart datum)

Easting

Northing

1 Outlet

Soft muddy

6.8

0473493

7718494

2 Reference

Soft mud / sand

6.7

0473628

7718044

3

Coral on rock rubble / sand

6.5

0471994

7717494

4

Coral on rock rubble / sand

6.7

0472490

7717737

5

rock rubble / sand

4.5

0473135

7717816

too shallow

Table 3-1 Sampling site locations
Waypoint Datum UTM AGD84 Zone 50K

The substrate at the proposed outfall location (site 1) was soft and muddy with a layer of very
fine, loose sediment at the surface and then firm, silty sediment at 50–100 mm below the
surface. At the reference site (site 2) the surface sediment was also very fine and soft however
the firm sediment below the surface contained more sand than at site 1. The water close to the
sea floor at both sites was very turbid with underwater visibility of less than 1 m to almost zero.
No benthic organisms were observed on the sea floor at sites 1 or 2 although numerous holes
indicated the presence of burrowing infauna. The depth at both sites 1 and 2 was approximately
6.7 m at the time of the dives (close to high tide). With a tidal range at Dampier of
approximately 4.5 m, the depth at sites 1 and 2 is expected to vary between 2.5 and 7 m (Figure
3-2).

Figure 3-2 Tides at Dampier during sampling
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3.2 Water Sampling Results
Nutrients
Figure 3-3 shows the mean nutrient and TSS levels from three replicate water samples at site 1
and 2 on 3/12/01. Values for total nitrogen have been reduced (by half) on the graph to improve
clarity and hence the mean values are indicated above the bars.
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Figure 3-3 Water nutrients and TSS

Mean TSS levels were slightly higher at site 1 than site 2 (11.53 and 10.56 µg L-1 respectively).
Ammonia levels for all replicates were at or below the detection limit of 3 µg N L-1.
FRP (orthophosphate) levels were consistently 4 µg P L-1 for all replicates at both sites. This
level is just below the ANZECC default trigger value of 5 µg FRP L-1 for inshore tropical
waters (ANZECC Guidelines 2000, Table 3.3.4).
Oxidised nitrogen (NO2 + NO3) levels were slightly lower at site 1 than site 2 (2.67 and 5.0 µg
N L-1 respectively) and below the ANZECC default trigger value of 2–8 µg NOx L-1 for inshore
tropical waters (ANZECC Guidelines 2000, Table 3.3.4).
Total phosphorous (TP) levels were similar at both sites 1 and 2 (36.00 and 38.33 µg P L-1
respectively) and were above the ANZECC default trigger value of 15 µg TP L-1 for inshore
tropical waters (ANZECC Guidelines 2000, Table 3.3.4).
Total nitrogen (TN) levels were relatively high and similar at both sites 1 and 2 (153 and 140 µg
N L-1 respectively), and were above the ANZECC default trigger value of 100 µg TN L-1 for
inshore tropical waters (ANZECC Guidelines 2000, Table 3.3.4).
As TN and TP analyses were conducted on unfiltered water samples the high levels of TN and
TP may be partly due to the suspended sediment load in the water. The area sampled is strongly
influenced by tidal movement which would mobilise sediment from the bottom as well as
transport sediment and nutrients from the nearby mangroves in King Bay.
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Chlorophyll
Figure 3-4 shows the mean chlorophyll a, b and c levels from three replicate water samples at
site 1 and 2 on 3/12/01.

C h lo r o p h yll a , b a n d c
1 .8
1 .6 0

1 .6

1 .3 3

1 .4
1 .2

ug/L

1 .0

S i te 1
S i te 2

0 .8
0 .6
0 .4

0 .3 0

0 .2

< 0 .1 0

0 .1 7

0 .0
C h l o r o p h yl l 'a '

C h l o r o p h yl l 'b '

C h l o r o p h yl l 'c '

Figure 3-4 Mean Chlorophyll a, b and c

Mean chlorophyll a levels were slightly higher at site 1 than site 2 (1.6 and 1.33 µg L-1
respectively), and slightly above the ANZECC default trigger value of 0.7–1.4 µg L-1 for
inshore tropical waters (ANZECC Guidelines 2000, Table 3.3.4). Chlorophyll b levels were
below the detection limit (<0.10 µg L-1) while chlorophyll c levels were slightly higher at site 1
than site 2 (0.30 and 0.17 µg L-1 respectively).
Metals in Water
With the exception of zinc, levels of trace metals dissolved in water from site 1 and 2 were
below detection limits. Mean levels of zinc dissolved in water were also very low at both site 1
and 2 (4.0 and 5.3 µgL-1 respectively; detection limit is 2 µg L-1). These values for zinc are
below ANZECC trigger value of 7 µg Zn L-1 for 99% protection in marine waters (ANZECC
Guidelines 2000, Table 3.4.1). Table 4-2 (below) is a comparison of results and detection
limits from this study with ANZECC Guidelines.
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-1

36.0
< 3.0
2.67
153
1.6
< 0.10

Total Phosphorous (µg L-1)

Ammonia (µg L-1)

Oxidised nitrogen (NO2 + NO3) (µg L-1)

Total Nitrogen (µg L-1)

Chlorophyll a (µg L-1)

Chlorophyll b (µg L-1)
98%
32.8
25.98
32.7

Dissolved Oxygen (%)

Salinity (ppt)

Temperature (Cº)

Turbidity (NTU)
29.9

26.14

32.08

99%

0.17

< 0.10

1.33

140

5

< 3.0

38.3

4.0

10.56

Site 2

Above the ANZECC default trigger value of 20 NTU

No guideline

No guideline

No guideline - Well saturated with oxygen

No guideline

No guideline - Below the detection limit

Above the ANZECC default trigger value of 0.7 – 1.4 µg L-1

Above the ANZECC default trigger value of 100 µg TN L-1

Above the ANZECC default trigger value of 2 – 8 µg NOx L-1

Below the detection limit of 3 µg N L-1

Above the ANZECC default trigger value of 15 µg TP L-1

Below the ANZECC default trigger value of 5 µg FRP L-1

No guideline for TSS

(Where Applicable to Tropical Inshore Marine Waters)

Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC/ARMCANZ, 2000)
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pH
7.93
7.95
Outside the ANZECC default trigger value range suggested for pH of 8 to 8.4
Note: results in blue bold are above the relevant ANZECC default trigger value

0.30

Chlorophyll c (µg L )

-1

4.0

11.53

Site 1

Filterable Reactive Phosphorous (µg L-1)

Total Suspended Solids (µg L )

Parameter

Table 3-2 Water Nutrients and chemistry

<3
<1
<2
<1
<1
<0.1
<4
<10
<20
<1
5.3

<3

<1

<2

<1

<1

<0.1

<4

<10

<20

<1

4

Al

Cd

Co

Cr

Cu

Hg

Ni

Pb

Sn

V

Zn

<2

<1

<20

<10

<4

<0.1

<1

<1

<2

<1

<3

<1

(µg L )

-1

Detection Limit

7

50

No guideline

2.2

7

0.1

Cr III 7.7,
Cr VI 0.14
0.3

0.005

0.7

No guideline

99%
0.8

15

100

4.4

70

0.4

Cr III 27.4,
Cr VI 4.4
1.3

1

5.5

95%
1.4

23

160

6.6

200

0.7

Cr III 48.6,
Cr VI 20
3

14

14

90%
1.8
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43

280

12

560

1.4

Cr III 90.6,
Cr VI 85
8

150

36

80%
2.6

ANZECC trigger values for toxicants at alternative levels of protection
(values in µg L-1 for levels from 99% to 80%). (ANZECC Table 3.4.1)

Note: the trigger values for the 99% protection shown in blue bold are below the lower detection limits of analysis methods currently available.

<1

<1

Ag

-1

-1

(µg L )

Site 2

Site 1

(µg L )

Metals in Water

Table 3-3 Metals in Water

3.2.1

Physico-Chemical Water Column Profiles

Figure 3-5 shows the depth profiles for dissolved oxygen (DO) concentrations at site 1 and 2.
DO levels at both sites showed a slight increase from the surface to 1m depth then remained
constant at 6.7 mgL-1 until 4 m at site 1 and 6 m at site 2. Site 1 showed a slight increase in DO
levels near the sea floor while site 2 showed a slight decrease from 5 to 6 m depth then an
increase near the sea floor.
The slight decrease in DO levels at 5 to 6 m depth at site 1 may be due to slightly increased
biological oxygen demand due to more suspended sediment at that depth, as can be seen by the
turbidity profile (see below), however the change is minor (only 0.1 mgL-1). DO percentage
saturation levels for all readings were above 96% and the water column can be considered to be
well-saturated with oxygen.
D O (m g /L )
6 .4 5
0

6 .5

6 .5 5

6 .6

6 .6 5

6 .7

6 .7 5

6 .8

6 .8 5

1

2

Depth (m)

3

S ite 1

4

S ite 2

5

6

7

8

Figure 3-5 Dissolved Oxygen / depth profile at site 1 and 2
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Figure 3-6 shows the depth profile for salinity levels at site 1 and 2. Salinity levels at both sites
showed a decrease from 35.5 ppt at the surface to between 31.5 and 32.5 ppt at 1 m depth then
remained relatively constant to the sea floor, although levels were slightly higher at site 1 than
site 2. The higher levels at the surface may be due to evaporation, as other physico-chemical
profiles do not indicate stratification near the surface.

S a lin ity (p p t)
3 1 .0
0

3 1 .5

3 2 .0

3 2 .5

3 3 .0

3 3 .5

3 4 .0
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3 5 .0

3 5 .5

3 6 .0

1

2

Depth (m)

3

S ite 1

4

S ite 2

5

6

7

8

n

Figure 3-6 Salinity / depth profile for site 1 and 2
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Figure 3-7 shows the depth profile for temperature at site 1 and 2. The water temperature
measured at both sites was approximately 26°C. The temperature at site 1 was slightly lower
and showed a more pronounced decrease with depth than at site 2, although the difference
between sites was only 0.1–0.3°C.

Te m p ( C o )
2 5 .7 5

2 5 .8

2 5 .8 5
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2 6 .2

0

1

2

Depth (m)

3

4

S ite 1
S ite 2

5

6

7

8

Figure 3-7 Temperature / depth profile at site 1 and 2
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Figure 3-8 shows the depth profile for turbidity at site 1 and 2. Turbidity levels were relatively
high at both sites and ranged from 29.5 to 36.5 NTU, which is above the ANZECC default
trigger value of 20 NTU for inshore tropical waters (ANZECC Guidelines 2000, Table 3.3.5).
The profile shows that turbidity levels at site 2 were similar from the surface to the bottom
while at site 1 there was an increase from 5 m depth to the bottom. This was also noted by the
divers as a decrease in visibility close to the sea floor, possibly as a result of tidal movement.
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Figure 3-8 Turbidity / depth profile at site 1 and 2
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Figure 3-9 shows the depth profile for pH at site 1 and 2. pH levels were slightly lower at site 1
(7.94) than site 2 (7.95). Site 2 showed a slight increase from the surface to 2 m depth and both
sites showed a slight decrease close to the sea floor however these variations were only in the
order of 0.01 pH.
The recorded pH levels are outside the range suggested for pH by the ANZECC default trigger
value of 8–8.4 pH for inshore tropical waters (ANZECC Guidelines 2000, Table 3.3.4).
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Figure 3-9 pH / depth profile
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3.3 Sediment Sampling Results
3.3.1

Metals in sediments

Figure 3-10 shows the mean levels of metals in sediments from three replicates at each site.
Mean levels of aluminium were 14,000 mg kg-1 at site 1 and 4,000 mg kg-1 at site 2 and have
been shown in g kg-1 in the graph. Table 3-4 shows the mean results for both sites, the
detection limits for analysis and the trigger values given in the relative ANZECC Guidelines.
Levels of mercury, cadmium and tin were all below the respective detection limits (Hg <0.01,
Cd <0.1 and Sn <2 mg kg-1).
Mean levels of silver (Ag) were 2.0 mg kg-1 at site 1 and 3.0 mg kg-1 at site 2 which fall between
the upper and lower ANZECC trigger values of 1.0 and 3.7 mg kg-1 respectively (ANZECC
recommended sediment quality guidelines 2000, Table 3.5.1).
All other metals were below the ANZECC recommended sediment quality guidelines
(ANZECC Guidelines 2000, Table 3.5.1). Mean levels of nickel at site 1 (19.3 mg kg-1) are
only slightly below lower ANZECC trigger value of 21 mg kg-1.
Levels of chromium were 50 mg kg-1 at site 1 and 20 mg kg-1 at site 2 which although high are
below the lower ANZECC trigger value of 80 mg kg-1 ( see Table 3-4).
Levels of most metals were higher at site 1 than site 2. Possible causes for this may be the close
proximity of site 1 to port facilities or differences in sediment particle size, since sediments with
more small particles have a greater surface area to which metals may bind.

50

Metals (mg/kg DW) Al (g/kg DW)

45
40
35
30
Site 1
25

Site 2

20
15
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Figure 3-10 Metals in sediments

WV02214.540:APPENDIX 4 KING BAY BASELINE MONITORING RESULTS.DOC

PAGE 17

3.3.2

Nutrients in sediments

Figure 3-11 shows the mean levels of total Kjeldahl nitrogen (TKN) and total phosphorous
(TP) from three replicate sediment samples at each site. Mean TP was 0.30 mg g-1 DW at site 1
and 0.32 mg g-1 DW at site 2. Mean TKN levels were higher at site 1 than at site 2 (0.37 and
0.30 mg g–1 respectively). There are no ANZECC sediment quality guidelines for TKN and TP.

0.40

0.37

0.35
0.30

0.32
0.30

0.30

mg/g DW

0.25
Site 1

0.20

Site 2

0.15
0.10
0.05
0.00
TOTAL P

TKN

Figure 3-11 Nutrients in sediment
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2.00
13667
<0.1
6.63
50
10.70
<0.01
19.33
6.33
<2
37
21

Silver (Ag)
Aluminium Al
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Mercury (Hg)
Nickel (Ni)
Lead (Pb)
Tin (Sn)
Vanadium (V)
Zinc (Zn)

0.37
0.30

0.30
0.32
<0.3
<0.05

<1
<0.3
<0.1
<0.2
<0.1
<0.1
<0.01
<0.4
<1
<2
<0.1
<0.2

Detection Limit
(mg kg-1 DW)
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TKN
TP

3.00
4467
<0.1
2.50
20
2.97
<0.01
6.80
3.00
<2
13
11

Site 2
(mg kg-1 DW)
mean

Nutrients in Sediment (mg g DW) mean

-1

Site 1
(mg kg-1 DW)
mean

Metals in
Sediment

Table 3-4 Sediment Sampling Results

Above the lower trigger value
Below detection limit
Below trigger value
Below trigger value
Below detection limit
Below trigger value
Below trigger value
Below detection limit
Below trigger value

10
370
270
1
52
220

410

Comment

3.7

High
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There are no ANZECC sediment quality guidelines for TKN or TP

Low
(Trigger value)
1
No guideline
1.5
No guideline
80
65
0.15
21
50
No guideline
No guideline
200

ANZECC Recommended Sediment Quality Guidelines
(mg kg-1 DW) (ANZECC Table 3.5.1)

3.4 Biomonitoring Results
There were no significant increases in the levels of any of the metals tested in oysters deployed
at either the proposed outfall location or the reference site. Figure 3-12 shows the mean levels
of metals (excluding zinc) in oysters from the background, outfall and reference samples.
There was no change in the levels of chromium VI, mercury or tin, these metals were either at
or below detection limits in all samples pre and post deployment.
Levels of most metals (Ag, Cd, Cr, Cu, Pb and Zn) showed a very slight decrease in
concentration from the background sample to the samples from both sites. Background levels
of zinc were quite high in oysters prior to deployment possibly as a result of the oysters having
been held in galvanised frames prior to supply.
There was a slight increase in the levels of cobalt (Co) and nickel (Ni) from the background
sample to the samples deployed at both sites. The most notable increase was for nickel, which
although not statistically significant, (P = 0.356 single factor ANOVA) increased from a mean
background level of 0.43 mg kg-1 (DW) to 0.87 at site 1 and 0.73 at site 2.
Levels of vanadium appear slightly higher at site 1 than at site 2 or in the background sample,
however, this result is attributed to one replicate of three being higher at site 1 and consequently
is not statistically significant, (P = 0.422 single factor ANOVA). It is interesting to note that
levels of most metals including vanadium were also slightly higher in sediments sampled at site
1 than at site 2.
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Figure 3-12 Metals in oysters

WV02214.540:APPENDIX 4 KING BAY BASELINE MONITORING RESULTS.DOC

PAGE 20

Air Quality Assessment

Appendix 5

Air Quality Assessment
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Executive Summary
Methanex Australia proposes to install a methanol manufacturing facility on the
Burrup Peninsula, Western Australia. Twin methanol plants are proposed, each with a
nominal production capacity of 6,000 tonnes per day (tpd).
Atmospheric emissions are estimated to include 359 kg/hr (100 g/s) of oxides of
nitrogen, 1,181 tonnes per year (averaging 39 g/s) of volatile organic compounds
(principally methane and methanol) and up to 2.25Mtpa of carbon dioxide.
Three different models were used to assess the impacts. DISPMOD modelled
near-field dispersion of oxides of nitrogen, TAPM evaluated photochemical smog
impacts and AUSPLUME was used to assess the potential impact on nearby terrain.
Results indicate that the proposed facility will increase NO2 concentrations but these
will remain well below the relevant NEPM standard of 120ppb across the entire
region.
Photochemical smog results for existing sources are similar to those from background
studies undertaken by the CSRIO and Department of Environmental Protection, WA
(CSIRO, DEP, 2001). Background ozone concentrations are within the NEPM
ten-year goal across the region (100 ppb for no more than one day a year), while the
spatial distribution indicates relatively high concentrations of ozone can occur over the
sea to the west, and on the Peninsula to the north east of Dampier.
When the emissions from approved industry and Methanex are modelled, ozone levels
are predicted to remain at similar levels with a slight decrease from background at
some receptors on the land. The slight decrease appears to be due to the high ratio of
oxides of nitrogen to reactive organic compounds in the industrial emissions. This is
consistent with the Perth photochemical smog study, which determined that emissions
with a high ratio of oxides of nitrogen suppress ozone formation (WP/DEP, 1996).
Ozone levels increase over the ocean to the west of Dampier, but will remain within
the NEPM goal.
Because there is a relatively large cumulative emission of oxides of nitrogen, the area
is sensitive to organics emissions. Higher ozone concentrations could occur during
days when there are higher than usual background emissions of reactive organics, such
as wildfire events. The potential effect of wildfires was also noted by the CSIRO and
DEP in 2001. The proposed Methanex facility has little impact on this condition
however.
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1.

Introduction

The proposed methanol facility will consist of twin plants located on the Burrup
Peninsula to the east of King Bay. These will each have a nominal production
capacity of 6,000 (tpd) tonnes per day of methanol.
Methanex is proposing to employ latest generation methanol production technology.
This means reduced emissions and improved energy efficiency over current
conventional technology. The two processes being considered are the Leading
Concept Methanol Process (LCM) and the Lurgi process. The principal emissions
from either option are likely to be oxides of nitrogen and volatile organic compounds.
These emissions require an assessment of the likely impact on downwind nitrogen
dioxide concentrations and potential for photochemical smog effects.
This report presents an estimate of emissions based principally on the LCM
technology, and an assessment of the impact using atmospheric dispersion modelling.
It is divided into four sections as follows:
q
q
q
q

Section 2 describes the likely emissions from the facility;
Section 3 presents the relevant air quality criteria;
Section 4 describes existing air quality; and
Section 5 presents the atmospheric dispersion modelling results.

As required by the Department of Environment, Water & Catchment Protection
(DEWCP), the modelling study predicts concentrations from existing sources in the
area (including those currently approved), the contribution from the proposal on its
own and the combined effect of all sources. Unusual operating conditions are also
considered, including cold start-ups and emergency flaring.
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2.

Emissions to Atmosphere

Emissions from the proposed methanol plant will vary depending on operating
conditions. These include normal operation, start up and emergency operations. It is
expected however that normal conditions will predominate for the great majority of
the time. Emissions also fall into two general categories: combustion products and
volatile organic compounds (VOCs), principally methane and methanol vapour from
fugitive emissions.
There is very little difference in emissions from the two most likely technology
options. Thus, while the estimates presented later in this report are based on the LCM
process, emissions from a Lurgi process will be very similar.
Combustion sources from a LCM plant include:
¨
¨
¨
¨
¨

gas turbine and auxiliary burner
natural gas-fired heater on the desulphurisation plant
flare (principally during start-up and emergencies)
natural gas-fired heater on the primary reformer (start-up only)
natural gas-fired steam boiler (principally for start-up)

The combustion sources from a Lurgi Plant will include:
primary reformer;
natural gas-fired desulphurisation heater
natural gas-fired utility boiler
flare (principally during start-up and emergencies);
emergency generators.

q
q
q
q
q

VOC emissions from either process arise from:
¨
¨
¨

storage tank vents
fugitive leaks from pipework and fittings
loading product to marine vessels

Products of combustion represent the most significant emissions during any operation
scenario and, of these, oxides of nitrogen will be the predominant pollutant (next to
carbon dioxide). VOC emissions are expected to be minor because the process will
employ a high level of fugitive emissions control.
2.1
2.1.1

Emissions from Normal Operation
Combustion Products

As discussed, for any likely methanol production process, the principal emissions arise
from combustion of natural gas or other gaseous fuels. The most significant products
of gas combustion include: carbon dioxide (CO2), oxides of nitrogen (NOx) and carbon
monoxide (CO) and unburnt hydrocarbons (VOCs). There may also be traces of
particulate and sulphur dioxide (SO2) but such emissions are generally considered
negligible.
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The largest combustion sources from twin 6,000 tonne per day LCM plants are the gas
turbines and their associated auxiliary burners. Each gas turbine system has a
combined fuel firing duty of 343 MW. The maximum gas turbine power output is
rated at 72.4 MW (Kvaerner 2002).
During normal operation, each gas turbine will produce 65 MW of shaft power and
burn a mixture of natural gas and purge gas. Kvaerner information indicates each gas
turbine will give rise to 160 kg/hr of oxides of nitrogen (expressed as NO2), while the
associated auxiliary burners will contribute an additional 16.3 kg/hr. Total NOx
emissions from each gas turbine system during normal operation is therefore expected
to be 176.3 kg/hr.
The purge gas contains various fuel products including hydrogen and inert gases
(principally carbon dioxide). Natural gas accounts for about 70% of the fuel on an
energy basis. The presence of hydrogen and inerts in the fuel have implications with
respect to NOx emissions, which will be discussed further in Section 3.1 of this report.
The other combustion sources from a LCM process include utility boilers, heaters on
the de-sulphurisation plants and flares. During normal operation the boilers will
operate at about 10% of maximum capacity and the flare will burn a small amount of
gas in the pilot and header purge.
Table 2-1 lists the emissions produced during normal operation of combustion
operations from two 6,000 tpd LCM plants. Appendix D gives details of chimney
height and exhaust conditions.
n

Table 2-1 Combustion Emissions During Normal Operation

Source
Gas turbines & auxiliary burners
Flares ( pilot and header purge)
De-sulphurisation heaters
Boilers
Total

NOx
(expressed as NO2)
3531
0.42
2.62
2.81
359

Emissions kg/hr
CO

VOCs

682
2.62
221
2.81
95

10.61
0.82
0.12
0.81
12

Notes: 1. Kvaerner data
2. USEPA emission factors

2.1.2

Volatile Organic Compounds

The principal source of VOC emissions is likely to be fugitive leaks from various
flanges, pump seals and valves. These emissions will be minimised by ensuring leaks
from pressure control and safety devices are captured and burnt in the combustion
processes.
Detailed studies of fugitive emissions from the Motonui and Waitara plants in New
Zealand indicate such leaks account for approximately 0.16 kg of VOC per tonne of
methanol produced (Methanex NZ Ltd., 1996). Emissions at the proposed site will be
less than the New Zealand plants because the new facility will utilise the latest
techniques for fugitive emission control. The proposed plant is also likely to use a
lower proportion of duplicate safety devises and does not include a methanol-to-

WI00294:APPENDIX 5 AIR QUALITY ASSESSMENT.DOC

Final

PAGE 4

gasoline plant (unlike Motonui). However, if 0.16 kg/tonne is assumed, the fugitive
hydrocarbon emissions from the proposed twin units are expected to be less than 700
tonne per year. These emissions will consist principally of methane.
The proposal will also include four 55,000 tonne product storage tanks, four 3,000
tonne rundown tanks and a 7,400 tonne crude tank. The larger product tanks will have
internal floating roofs, while the other fixed-roof tanks will have some form of vapour
suppression or vapour recovery system. Emission estimates from these tanks using
the US EPA Tanks software (version 4.0) for a hot dry climate indicate methanol
vapour emissions will be less than 31 tonne per year. These figures assume the vapour
suppression/recovery systems on the fixed roof tanks controls at least 90% of the
emissions.
Emissions for loading marine vessels can be estimated from US EPA emission factors.
Approximately 0.08 kg per tonne of product (USEPA, 1995) is emitted via
displacement while loading into ships by way of a submerged loading system and
assuming no ballasting is undertaken. On this basis, around 350 tonnes per year of
methanol will be emitted from loading ships with methanol from twin 6,000 tonne per
day plants. The maximum expected loading rate per ship is 1,200 tonne per hour and
if two ships are loaded at the same time, the maximum daily emissions will be 4,608
kg/day. Further losses will occur from expansion and contraction of ship cargo, but
this will principally occur while the product is in transit and will not be considered for
this assessment.
Table 2-3 gives a summary of VOC emissions.
n

Table 2-3 VOC Emissions
Source
Combustion sources
Fugitive leaks etc.
Tank vents
Loading to ships
Total

2.2

Emissions
Tonne per year
100
700
31
350
1,181

Maximum Emissions
kg per day
286
2,000
89
4,600
6,975

Cold Start-Up Operations

It is expected that each unit will shut down for sufficient time to require a cold start on
two occasions per year for the first two years and less than once per year following
that. Ultimately it is intended to minimise cold start-ups to one every four years for
each unit, limited only by the life of the catalysts used in the process.
A cold start for a LCM plant will comprise:
¨ The flare, which will burn off-specification material (principally synthesis gas) for
a portion of the start up.
¨ Full operation of the 90 MW natural gas-fired boiler to generate steam for a helperturbine, and to supplement the load on the gas turbine and other equipment.
¨ A 21 MW natural gas burner to preheat the primary reformer, which during normal
operations is achieved with a heat recovery system.
¨ The gas turbine, which will operate at maximum power output on 100% natural
gas.
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The maximum design flow for each flare is 602 tonne per hour, designed primarily for
emergency relief situations. However, it is assumed that the maximum flow will also
be served during a cold start. The composition and heating value of the stream to the
flare is assumed to be similar to that of synthesis gas, which contains a large
proportion of hydrogen, carbon dioxide and water.
When operating at a higher rate and on 100% natural gas the gas turbine will give rise
to greater emissions of nitrogen oxides and carbon monoxide than during normal
operation. Kvaerner information suggests emissions from the gas turbine and
auxiliary burner will be approximately 231 kg/hr for each unit during start up.
n

Table 2-4 Start up Combustion Emissions

Source
NOx
(expressed as NO2)
Unit 1 – Start up
Package boiler
Pre-heater for primary reformer
Flare (at 602 t/hr)
Gas turbine and auxiliary burner
Unit 2 – Normal
Total

15.31
3.31
1872
2501
179
635

Emissions kg/hr
CO

VOCs

13.91
2.51
1,0172
31.71
48
1113

4.21
0.71
3853
5.31
12
407

Notes: 1. Kvaerner data
2. USEPA emission factors
3. USEPA emission factors. 40 kg/hr if 99% destruction of VOC loading is assumed (UNECE, 1996).

A full cold start lasts approximately 16 hours. Peak emissions are unlikely to remain
at the maximum for all this time however. With two plants starting up twice per year
in the first years of operation, the above emissions will be expected less than 1% of
the time, and this is expected to reduce to less than 0.3% of the time thereafter.
2.3

Combustion Products from Emergency Operations

The main emission under an emergency situation is expected to be from an emergency
flare. Each flare is designed to handle a maximum flow of 602 tonnes per hour as
discussed and this will represent a worst case event. This gives emissions that are the
same as that assumed for start up.
Three diesel-fired emergency generators with the capacity to provide 1.2 MW each of
electricity will also be available in the event of a power failure. These could discharge
approximately 53 kg/hr of oxides of nitrogen.
As with normal operation emissions of particulate and sulphur dioxide will also be
negligible. However, if 0.3% sulphur diesel is used, three generators will produce
approximately 27 kg/hr of sulphur dioxide when operating together.
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2.4 Existing Emission Sources
2.4.1

Point Sources

At the time of writing, the existing industrial activities that emit significant quantities
of related contaminants to the proposed Methanex development include:
¨ The Woodside onshore gas treatment facility on the Burrup Peninsular including
the domestic gas (DOMGAS) plant, LNG and LPG facilities;
¨ Hamersley Iron’s power station at Parker Point near Dampier.
Woodside is also currently constructing Train 4 for their existing facility.
Other sources are proposed but not yet installed. The following have approvals at this
time and are therefore also considered:
¨ Additional train for the Woodside LNG facility (Train 5);
¨ The Plenty River ammonia-urea plant;
¨ Syntroleum gas to synthetic hydrocarbons plant; and
¨ Burrup Fertiliser’s ammonia plant.
Table 2-5 lists emissions from these sources and compares them with the proposed
Methanex facility under normal operations. It shows the new plant contributes
approximately 20% to the total oxides of nitrogen emissions and 3% to VOC
emissions.
n

Table 2-5 Industry Emissions from Dampier Area as Modelled.
Source

Dampier Power Station
Woodside Facilities (with Trains 4 and 5)
Syntroleum Synthetic Hydrocarbons Plant
Plenty River Ammonia-Urea Plant
Burrup Ammonia Facility
Methanex (Normal Operation)
Total

NOx as NO2
76
(21)1
911 (253) 1,2
169
(47)1
137
(38)1
61
(17)1
359
(100)3
1,713 (476)

Emissions
Kg/hr (g/s)
VOC
0
4,752 (1,320)
32
(9)
54
(15)
0
141
(39)
4,978 (1,382)

Rsmog
0
5.54 (1.54)2
0.07 (0.02)2
0.04 (0.01)2
0
0.17 (0.05)4
5.82 (1.62)

Notes:

1 Provided by DEP 2001
2 Syntroleum study (CSIRO 1999), including Woodside Trains 4 and 5
3 As above (Table 2-1).
4 Calculated from VOC emissions assuming a reactivity of 0.0012 (CSIRO , DEP, 2001). Note, this
assumption for methanol will be conservative as methanol has a reactivity 1/3 to ½ of that adopted (Cope, 2002).

The VOC emissions presented in Table 2-5 represents the average from Methanex,
rather than the peak daily emission. It is unnecessarily conservative to model peak
emissions considering these emissions are infrequent and that the compounds emitted
(methane and methanol) are relatively unreactive. Communication with Dr Martin
Cope of CSIRO indicates that the reactivity for methanol is 1/3 to ½ of the value used
of 0.0012 (Cope, 2002) appropriate for the mix of paraffin, toluene xylene and
benzene emissions from Woodside (CSIRO, DEP, 2001). Likewise, the other
component of VOC emissions, methane is considerably less reactive than this mix
(Picquet et al, 1998) (Hurley, 1999).
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2.4.2

Area and Biogenic Emissions

As part of the assessment of photochemical reactions, it is necessary to also account
for both biogenic and area source emissions from the general area. A recent study of
the Pilbara region undertaken by CSIRO Atmospheric Research and the Department
of Environmental Protection (CSIRO, DEP, 2001) has evaluated these emissions with
respect to determining appropriate dispersion models for the region. The relevant data
input files for TAPM used were provided by the CSIRO1.
These data have accounted for NOx and VOC emissions from soils etc. and from the
Dampier and Karratha townships, significant main roads, and various shipping
activities. Average values were assigned and assumed to remain constant throughout
the year. The CSIRO/DOE (CSIRO, DEP, 2001) report gives details on these
emissions data.

1

Bill Physick, personal Communications, December 2001.
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3.

Air Quality Criteria

3.1 Stack Emissions from Gas Turbines
As discussed in Section 2, if LCM technology is used, the principal emissions source
from the proposed methanol plant will be the gas turbine system. The Environmental
Protection Authority (EPA) has developed a guidance statement for oxides of nitrogen
emissions from gas turbines, with limits for emissions following the AEC/NHMRC
National Guidelines. These limits are 0.07 g/m3 (STP, dry and 15% O2) for “gaseous
fuels” and 0.15 g/m3 for “other fuels”. The Guidance Statement goes on to say that
modern natural gas-fired systems, employing NOx control technology can be expected
to achieve lower emissions than 0.07 g/m3.
In this case, the presence of hydrogen in the fuel limits the ability to employ NOx
control technology. Common methods, such as low- NOx burners or steam injection
cannot be used. Nitrogen injection may be possible but this is unlikely to be as
effective. The ability to recycle purge gas (containing hydrogen) as fuel is an
important part of the overall energy efficiency of the process and helps to minimise
carbon dioxide emissions. Consequently the EPA’s emission criteria for “gaseous
fuels” or for natural gas are not appropriate for the proposed plant.
While low NOx burners cannot be employed, the presence of inert gases and the
relatively low calorific value of the fuel mix will act to suppress NOx formation by
producing low combustion temperatures. Information from Kvaerner suggests the
NOx concentration in the gas turbine flue gases will be approximately 0.24 g/m3
during normal operation.
Therefore, LCM gas turbines are unlikely to meet the EPA guidance criteria but all
practicable steps will be taken to reduce NOx emissions thus satisfying the EPA
requirement that “all reasonable and practicable measures should be taken to
minimise the discharge...”

3.2 Ambient Air Quality Standards
Table 3-1 lists the National Environmental Protection Measure (NEPM) for the
relevant air pollutants.

n

Table 3-1 National Environmental Protection Measures for NO2 and Ozone

Pollutant
Nitrogen dioxide
Photochemical
oxidants (as ozone)

Averaging Period
1-hour
Annual
1-hour
4-hours
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Concentration
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30
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These standards have not been implemented in legislation throughout Western
Australia but the WA DEP intend to implement them through the development of a
state wide Environmental Policy.
These standards apply outside industrial areas and residence-free buffer areas around
industrial estates. With no formally defined industrial buffer zone applied to the
Burrup Peninsula, the standards may be relevant to areas outside those identified for
industrial use in the Burrup Peninsula Land Use Plan and Management Strategy. It is
relevant to note that many of the high model predictions, described in Section 5 of this
report, occur within industrial areas (shown as purple and orange in Figures 5-1 to
5-3).
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4.

Existing Air Quality

The DEP have a ambient air monitoring site at Dampier, with measurements of ozone,
nitric oxide, nitrogen dioxide, carbon monoxide and particulate (PM10). Monitoring
has also been undertaken at King Bay and Karratha for ozone, nitric oxide, nitrogen
dioxide and sulphur dioxide.
Monitoring at Dampier shows maximum concentrations of all pollutants remain below
the relevant NEPM standards, with peak concentrations of ozone and nitrogen dioxide
reported as being less than 64 ppb and 21 ppb respectively for 1998 and 1999.
Monitoring at the other sites shows similar results.
Studies undertaken in the Pilbara region to date indicate that concentrations of
photochemical pollutants are generally expected to be low throughout the region.
However, background TAPM modelling has predicted relatively high peak
concentrations of ozone over the ocean to the west of Dampier and on the Peninsula to
the east of Dampier. There appears to be evidence of re-circulating flows occurring on
occasions with the potential to return pollutants to the sources and towns. Area
sources play an important part and the presence of extensive fires during September to
November also appears to enhance background ozone levels on some days (CSIRO,
2001; CSIRO, DEP, 2001).
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5.

Atmospheric Dispersion Modelling

Three models were used in this assessment:
• DISPMOD, the Western Australian coastal model, specifically designed for
Kwinana;
• TAPM, the CSIRO’s prognostic meteorological and air pollution model;
• AUSPLUME, the Victorian EPA regulatory model that is commonly used
throughout Australia.
A recent evaluation of models for the Pilbara region undertaken by DEP and CSIRO
has shown that DISPMOD and TAPM appear to be suitable for predicting groundlevel concentrations in the Burrup Peninsula area.

5.1 DISPMOD
DISPMOD is primarily suitable for near field predictions, particularly for non-reactive
gases and is the recommended model for predictions within 2 to 3 km of a source. In
general, it appears that this model is likely to over-predict concentrations but it has
limitations in areas where fumigation of recirculated emissions are involved, or where
area sources contribute to background emissions. DISPMOD was used in this
assessment to predict concentrations of NOx and nitrogen dioxide for the proposed
plant operating as normal and at start up over a 21 by 14 km receptor grid. The
meteorological data used for this assessment was obtained from the Dampier
meteorological site.
Maximum nitrogen dioxide concentrations were estimated from the DISPMOD
simulations by conservatively assuming the following relationship for all parts of the
grid.:
NO2 = 0.3NOx + 14.39
NO2 = NOx

for NOx > 20.56 µg/m3
for NOx < 20.56

This is based on monitoring data from Dampier, which shows the ratio of NO2 to NOx
to generally remain well below 0.3.
DISPMOD was used to model both normal operation and cold start scenarios. To
assess the potential maximum impacts from the flaring operations during a start, the
effective plume height was determined by using the procedures used in the USEPA’s
screening model, SCREEN3.
Appendix A gives examples of DISPMOD input files. All combustion sources are
assumed to have 60m chimneys.

5.2 TAPM
TAPM was used to model photochemistry. For this purpose, the model simulation
was set up to follow as closely as practicable that used for the Pilbara model
evaluation in 1999 (CSIRO, DEP, 2001). A coarser nested grid spacing for the
pollution simulation was used however, since this provides more efficient run times

WI00294:APPENDIX 5 AIR QUALITY ASSESSMENT.DOC

Final

PAGE 12

and the same study determined that TAPM performs as well for coarse grids when run
in chemistry mode (CSIRO, DEP, 2001). Two nested meteorological grids were used
with the inner spacing set to 3km. The corresponding pollution grid spacing was
1.5km.
Previous TAPM simulations have concentrated on the months of August 1997 and
March 1998 where recirculation effects were identified (HLA Evirosciences, 1999). It
appears however, that maximum ozone concentrations could occur in the first five
months of the year2. Preliminary modelling for the period January to May 2001
revealed that the highest predictions occurred in January, so to minimise model run
times, further modelling was confined to January and February 2001. Predictions for
this period show similar results to those reported by the CSIRO and DEP for existing
sources, as illustrated in Figures 5.4 and 5.5 (pages 20 and 21).
Other relevant parameters include setting the deep soil volumetric moisture content to
0.05, using a nine-second terrain grid spacing, setting the background ozone
concentration to 25ppb and using the biogenic and area source data described in
Section 2.4.2 above as determined by the CSIRO (CSIRO, DEP 2001).
The same emissions data for NOx were used as for the DISPMOD runs with a
NO/NOx ratio of 0.9 for all sources. Rsmog emissions from point sources were
determined from VOC emissions using a reactivity of 0.0012, based on that used by
CSIRO for the emissions from Woodside and the power station. As discussed, this is
considered a conservative reactivity for the Methanex VOC emissions.
To simplify the modelling, constant emission rates were assumed for all sources. This
is a conservative assumption in that emissions from most sources will vary and at
times be lower than the maximum values used. Emission files developed by DEP for
the 1999 Pilbara model evaluation study used quarterly and hourly variable NOx
emissions data for the 32 existing point sources associated with the Woodside LNG
plant and the Dampier power station. However, this modelling exercise has also
evaluated the contribution from recently approved sources in addition to the Methanex
facility, which gives a total of 60 point sources. This represents a considerable
increase in complexity and, in any case, there is a lack of information on emissions
variability from the additional sources. Total NOx emissions for existing sources were
assumed to be a constant 219 g/s compared to a range of 182 to 214 g/s used in the
Pilbara study (CSIRO, DEP, 2001).
Part of a sample list file for TAPM is presented in Appendix A.

5.3 AUSPLUME
AUSPLUME appears to perform poorly compared to DISPMOD and TAPM with
respect to predicting NOx dispersion throughout the region, principally due to it’s
inability to account for coastal fumigation effects (CSIRO, DEP 2001). It was used
for this assessment however to determine the likely significance of the nearby terrain.
While also not ideal for modelling terrain effects, AUSPLUME may provide a more
conservative assessment than the other models. DISPMOD has no ability to predict
terrain and, considering that TAPM was run primarily for photochemical simulations
2

Bill Phyisck, CSIRO, personal communication, December 2001.
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with a coarse nested grid and using the Eulerian mode, further assessment of likely
impact on the terrain close to the proposed plant was considered necessary.
AUSPLUME was used to predict the contribution from the proposed sources only.
1999 meteorological data was used, with terrain effects simulated using the Egan halfheight method.
Again, 60m stacks were assumed since Methanex has indicated that all combustion
sources will have 60m stacks. However the modelling has also evaluated the effect of
30m stacks.

5.4 Modelling Results
5.4.1
5.4.1.1

DISPMOD
Normal Operations

Figures 5-1 to 5-3 and Table 5-1 present the regional distribution of the maximum
NOx predictions for normal operation using DISPMOD. Figure 5-1 show the highest
concentrations from existing and approved sources occur to the north east of the
proposed plant in the vicinity of the Woodside LNG plant, whilst the contribution
from the proposed methanol facility by itself occur immediately to the north of the site
(Figure 5-2). Cumulative concentrations from the existing and approved sources with
the Methanex plant are presented in Figure 5-3 and Table 5-1. This shows an increase
in NOx concentrations occurring as a result of the proposed methanol facility, but with
NO2 concentrations remaining well below the NEPM standard of 246 µg/m3. The
maximum NO2 concentration predicted over the entire grid with the proposed
methanol facility under normal operation is 142 µg/m3 for all sources modelled,
compared to 136 µg/m3 for the combined impact of existing and approved sources.
The highest concentrations occur to the north east of Dampier, near the Woodside
facility, which is part of an industrial area (Figures 5-1 to 5-3).

n

Table 5-1 Summary of DISPMOD Predictions.

Scenario

Existing + Approved Sources
Normal Operation
Methanex alone
Existing+Approved+Methanex
Cold Start
Methanex alone
Existing+Approved+Methanex

Maximum 1-hour Average Concentration
µg/m3
Max. on Grid
Dampier
King Bay
Karratha
NOx
NO2
NOx
NO2
NOx
NO2
NOx
NO2
406
136
76
37
112
48
75
37
203
424

75
142

54
111

31
48

65
112

34
48

30
98

23
44

260
429

93
143

70
127

35
53

88
112

41
48

39
104

26
46
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Figure 5-1 Existing Plus Approved Sources .

Maximum 1-hour NOx predictions from DISPMOD (µg/m3).
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n

Figure 5-2 Contribution from Proposed Methanol Facility on its Own.

Maximum 1-hour NOx predictions from DISPMOD (µg/m3).
normal operation.
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n

Figure 5-3 All Sources Combined (Existing plus Approved plus Methanex).

Maximum 1-hour NOx predictions from DISPMOD (µg/m3).
normal operation.
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5.4.1.2

Start ups and Upset Conditions

As described in Section 2.2 under cold start ups emissions from the flare and auxiliary
boiler will be much greater than under normal operations and potentially may lead to
higher ground level concentrations. Maximum predicted concentration of NO2 are
presented in Table 5-1 and indicate that the maximum on the modelled grid is
143 µg/m3. This is a slight increase over that from normal operations, but still well
below the NEPM standards. At Dampier, NO2 concentrations may increase from that
predicted from the existing and approved sources by approximately 40%. However
the maximum prediction is still low in relation to the NEPM standard. Moreover,
these predictions assume a cold start coincides with worst-case meteorology. Given
that start-up conditions will last no longer than 16 hours per start (0.3% of the time for
two starts per year), the probability of this occurring is very low. Consequently the
impact of a cold start is likely to be considerably less than predicted.
Emissions from an emergency flare will be similar to that from start up (see Section
2.2) and therefore will potentially result in the same ground level concentrations as
presented for the start up case.
5.4.2

TAPM

The peak TAPM predictions for ozone are similar to those reported by CSIRO/DEP in
1999, as illustrated in the top contour plots in Figure 5-7 and 5-8 (second highest
predictions). Slight differences can be attributed to the shorter modelling period (two
months compared to almost year) and that 2001 was used instead of 1999. However,
the results confirm the choice of January to February is appropriate for assessing
worse case photochemical conditions. Figure 5-8 shows lower existing NO2
concentrations than reported for 1999 but this reflects the January-February period
being conducive to high ozone concentrations rather than NO2.
Summaries of maximum TAPM predictions for each emission scenario are presented
in Tables 5-2 and 5-3. These results generally show a small incremental decrease in
ozone concentrations when the combined impact from all sources is compared to the
existing situation. The NO2 concentrations are generally predicted to increase,
particularly at Karratha where a 50% increase in peak concentrations over the existing
scenario may be observed. The apparent slight decrease in maximum NO2 predictions
at some receptors is related to the non-linearity of the chemistry model and possibly
the effect of modelling inaccuracies associated with using a relatively course Eulerian
grid.
Concentrations of NO2 at all receptors remain well below the NEPM standard with a
maximum prediction for NO2 of 139 µg/m3 over the grid, similar to the DISPMOD
prediction of 142 µg/m3 described above (Table 5-1).

n

Table 5-2 Summary of Maximum TAPM Predictions – NO2

Scenario

Existing Sources
Existing + Approved
Existing+Approved+Methanex

Maximum 1-hour Concentration (Jan-Feb 2001)
ppb (µ
µg/m3 as NO2)
Max on Grid
Dampier
King Bay
Karratha
13 (27)
19 (39)
17 (35)
47 (97)
16 (33)
20 (41)
17 (35)
70 (144)
19 (39)
19 (39)
21 (43)
68 (139)
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n

Table 5-3 Summary of Maximum TAPM Predictions – O3

Scenario

Existing Sources
Existing + Approved
Existing+Approved+Methanex

Maximum 1-hour Concentration (Jan-Feb 2001)
ppb (µ
µg/m3)
Max on Grid
Dampier
King Bay
Karratha
121 (257)
38 (81)
53 (114)
43 (93)
165 (351)
28 (60)
30 (64)
32 (68)
105 (224)
42 (89)
52 (112)
39 (83)

The slight decrease in ozone concentrations at some receptors appears to be due to the
area being sensitive to reactive VOC emissions. The high ratio of oxides of nitrogen
to reactive organic compounds in the industrial emissions tends to suppress ozone
formation. This is consistent with the Perth photochemical smog study (WP/DEP,
1996). In this case the increased NOx, from approved sources in particular, appears to
have reduced ozone production.
However, because there is a relatively large cumulative emission of oxides of
nitrogen, higher ozone concentrations could occur during days when there are higher
than usual background emissions of reactive organics, such as wildfire events. As
discussed earlier, the CSIRO and DEP also noted the potential effect of wildfires.
These events could increase background ozone concentrations by up to 20ppb during
September to November (CSIRO/DEP). The proposed Methanex facility has little
impact on this condition however, and it appears that wildfires are not as prevalent
during the worse case months for peak ozone concentrations as predicted by the
modelling.
Figures 5-4 to 5-6 show cumulative frequency plots for concentrations for both NO2
and ozone at Dampier, King Bay and Karratha. Predictions for existing sources at
Dampier (Figure 5-4) shows a generally similar ozone distribution to that reported for
the Pilbara study undertaken by DEP/CSIRO. Again, slight differences can be
attributed to the different modelling periods. The frequency distributions for ozone
change very slightly when all sources are modelled (existing plus approved plus
Methanex) as shown at all three receptors. The contribution from approved sources
appears to suppress some background peaks, possibly due to the additional NOx
emissions, while the Methanex contribution appears to return the ozone peaks.
The geographic distribution of pollutants shows the highest peak concentrations of
ozone occur over the ocean to the west of Dampier, and on the peninsular to the northeast (Figure 5-7). There is little change over the existing scenario, apart from an
increase over the ocean to the west of Dampier. The highest NO2 predictions occur on
the peninsular to the east of Dampier.
The maximum peak ozone concentration on the grid exceeds 100 ppb on only one day
for each scenario modelled. Thus, while industrial emissions may give rise to
relatively high peak concentrations on rare occasions, the proposed methanol facility
makes little impact on the frequency of any excursions. Figure 5-9 demonstrates a
small change in the frequency of excursions above 75ppb.
Appendix C gives time series plots for ozone (cumulative sources) and relevant
meteorological conditions for January as modelled by TAPM.
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Figure 5-4 Predictions at Dampier using TAPM.

Cumulative frequency distributions for January to February 2001. NO2 (top) and O3
(bottom).
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Figure 5-5. Predictions at King Bay using TAPM.

Cumulative frequency distributions for January to February 2001. NO2 (top) and O3
(bottom).
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Figure 5-6 Predictions at Karratha using TAPM.

Cumulative frequency distributions for January to February 2001. NO2 (top) and O3
(bottom).
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Figure 5-7 Second highest 1-hour ozone predictions using TAPM

January to February 2001. Existing sources (top), existing plus approved (middle) and
all sources including the proposed Methanex plant (bottom).
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Figure 5-8

Second highest 1-hour NO2 predictions using TAPM

January to February 2001. Existing sources (top), existing plus approved (middle) and
all sources including the proposed Methanex plant (bottom).
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Figure 5-9

Number of O3 predictions above 75 ppb using TAPM

January to February 2001. Existing sources (top), existing plus approved (middle) and
all sources including the proposed Methanex plant (bottom).
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5.4.3

AUSPLUME

AUSPLUME predictions are generally lower than those from DISPMOD for both NOx
and NO2. Table 5-3 shows a maximum NO2 contribution across the grid for normal
operation of 68 µg/m3, compared to the DISPMOD equivalent of 75 µg.m3 (Table
5-1).
Cold start predictions are slightly higher than the normal operation (as with the
DISPMOD results), but still well below the NEPM standard of 246 µg/m3. As
discussed in Section 5.4.1, the probability of this occurring is very low, since a cold
start is unlikely to coincide with worse-case meteorology (stable conditions, light
winds).
This modelling also demonstrates 30m stacks will ensure NO2 remains below the
NEPM standard. Table 5-4 shows concentrations will be less than 114 µg/m3 with the
lower stacks. Therefore, the AUSPLUME predictions indicate that 30m stacks would
also be acceptable and unlikely to produce high concentrations of nitrogen dioxide on
the elevated terrain near the plant.

n

Table 5-2 Contribution from Proposed Methanol Facility as Predicted by
AUSPLUME. – 60m Stacks.

Scenario

Normal operation
Cold start

n

Maximum 1-hour Average Concentration
µg.m3
Max. over Grid
Dampier
King Bay
Karratha
NOx
NO2
NOx
NO2
NOx
NO2
NOx
NO2
178
68
16
16
25
22
24
22
248

89

20

20

30

23

32

24

Table 5-4 Contribution from Proposed Methanol Facility as Predicted by
AUSPLUME. – 30m Stacks.

Scenario

Normal operation
Cold start

Maximum 1-hour Average Concentration
µg.m3
Max. over Grid
Dampier
King Bay
Karratha
NOx
NO2
NOx
NO2
NOx
NO2
NOx
NO2
335
114
23
21
27
22
40
26
540

176

31
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Appendix A Example DISPMOD Control and
Emission Files
A.1 Methnx3.ctl File
Methanex Control File - All Sources Combined
470000. 7707000. 500. 29 43 0.2833 -20.6 220.7
90.0
01011999 31121999 0000 2400 6 1 77 1.9 2.3
50 0.00 0350. 0500. 0700. 1000. 0
5000.
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
0
! NUMBER OF STACKS THAT ARE NOT BEING USED
Power_Stk1
51.8 2.64 470850 7716700 1.00 0. 500
Power_Stk2
51.8 2.64 470900 7716750 1.00 0. 500
Train_1_KT1410 46.5 4.00 476554 7722965 1.00 0. 500
Train_1_KT1420 46.5 4.00 476576 7722965 1.00 0. 500
Train_1_KT1430 46.5 4.00 476623 7722965 1.00 0. 500
Train_1_KT1440 46.5 4.00 476644 7722965 1.00 0. 500
Train_1_KT1450 46.5 2.70 476521 7722980 1.00 0. 500
Train_2_KT1410 46.5 4.00 476554 7722845 1.00 0. 500
Train_2_KT1420 46.5 4.00 476575 7722845 1.00 0. 500
Train_2_KT1430 46.5 4.00 476623 7722845 1.00 0. 500
Train_2_KT1440 46.5 4.00 476645 7722845 1.00 0. 500
Train_2_KT1450 46.5 2.70 476522 7722840 1.00 0. 500
Train_3_KT1410 46.5 4.00 476554 7722608 1.00 0. 500
Train_3_KT1420 46.5 4.00 476575 7722608 1.00 0. 500
Train_3_KT1430 46.5 4.00 476611 7722608 1.00 0. 500
Train_3_KT1440 46.5 4.00 476658 7722608 1.00 0. 500
Train_3_KT1450 46.5 2.70 476535 7722603 1.00 0. 500
Power_G_GT4001 40.0 3.40 476910 7722765 1.00 0. 500
Power_G_GT4002 40.0 3.40 476910 7722804 1.00 0. 500
Power_G_GT4003 40.0 3.40 476910 7722809 1.00 0. 500
Power_G_GT4004 40.0 3.40 476910 7722849 1.00 0. 500
Power_G_GT4005 40.0 3.40 476910 7722862 1.00 0. 500
Power_G_GT4006 40.0 3.40 476910 7722890 1.00 0. 500
Domgas__1KT242 17.0 2.00 477035 7722698 1.00 0. 500
Domgas__mod
17.0 3.26 477049 7722698 1.00 0. 500
Domgas__2KT242 17.0 2.00 477082 7722698 1.00 0. 500
Domgas__2KT243 17.0 3.26 477076 7722698 1.00 0. 500
Stabili_1and2 33.0 1.40 476998 7722855 1.00 0. 500
Stabili_3to5
33.0 1.40 477098 7722870 1.00 0. 500
Prop Comp T4
40.0 6.50 476566 7722366 1.00 0. 500
Prop Comp T5
40.0 6.50 476566 7722245 1.00 0. 500
MR Comp T4
40.0 6.50 476634 7722366 1.00 0. 500
MR Comp T5
40.0 6.50 476634 7722245 1.00 0. 500
PR Reformer
50.0 3.00 476404 7719345 1.00 0. 500
PR Gas Turb#1 30.0 2.00 476540 7719403 1.00 0. 500
PR Gas Turb#2 30.0 2.00 476554 7719376 1.00 0. 500
PR Aux Boiler 30.0 1.00 476509 7719354 1.00 0. 500
S Htrs 1,2,4,5 25.0 0.60 475853 7717991 1.00 0. 500
S HIR Chr Htr 29.0 0.60 475931 7717713 1.00 0. 500
S HTRC
Htr 22.0 0.20 475923 7717728 1.00 0. 500
S Ref Furnace 31.0 1.80 475927 7717746 1.00 0. 500
S ATF Feed pre 33.0 4.00 476119 7717840 1.00 0. 500
S Med Frd Htr 32.0 1.35 475887 7718001 1.00 0. 500
S Strt Up Boil 35.0 4.00 476119 7717867 1.00 0. 500
Burrup_Reform 36.0 3.56 476915 7718833 1.00 0. 500
Burrup PB#1
15.0 1.69 477050 7718820 1.00 0. 500
Gas turbine
60.0 5.00 478000 7720000 1.00 0. 500
Desulph +flare 60.0 1.00 478165 7719940 1.00 0. 500
Gas turbine2
60.0 5.00 477900 7719800 1.00 0. 500
Desulph+flare2 60.0 1.00 478065 7719740 1.00 0. 500
4
470050. 7716100.
! Dampier AQMS
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474015. 7720000.
482500. 7707000.
476400. 7723500.
Methnx3.dis

! King Bay
! Karatha Van
! North west of Woodside LNG

TITLE
(A)
XREF,YREF,GINT,NUMX,NUMY,DTSL,ALAT,CSTDIR,ZLSB,SGTHSB,SGPHSB,TIBPEN
(2F9.1,F6.1,2I3,F7.4,3F6.1,3F6.0)
IDS,IMS,IYS,IDF,IMF,IYF,IT1,IT2,IAV,IDATAV,IY1,CSIGON,CSIGOF
(2(1X,3I2),2I5,3I3,2F5.1)
**** NOTE - IAV
= MODEL TIME STEP IN MULTIPLES OF 10 MINUTES (EG. 3 = 30 MIN
TIMESTEP.
- IDATAV = INPUT MET DATA AVERAGING TIME IN MULTIPLES OF 10 MINUTES
(EG. 3 = 30 MIN INPUT DATA)
**** NOTE - IAV CANNOT BE LESS THAN IDATAV AND IDATAV MUST BE GREATER THAN 0
NUMSCE,QMIN,ALEV1,ALEV2,ALEV3,ALEV4,I
(I3,F5.1,4F6.0,I2)
**** NOTE - POLPOT MODE IS NOW FOR MULTIPLE SOURCES WITH FIXED EMISSIONS.
READ IN THE NUMBER OF STACKS PER SOURCE GROUP
KSCE(I),I=1,NUMSCE
(22I3)
READ IN THE STACK NUMBERS IN THE ORDER OF USE (.IE SOURCE GROUPING)
(ISTNUM(I),I=1,ISTTOT
READ IN THE NUMBER OF STACKS NOT TO BE USED
NSNTUS
READ IN STACK INFORMATION DATA
C STKHGT - HEIGHT OF STACK
C STKDIA - DIAMETER OF STACK
C STKX
- LATITUDE OF STACK AMG COORDS
C STKY
- LONGITUDE OF STACK AMG COORDS
C TEMSL - SLOPE OF THE TEMPERATURE LOSS EQUATION FOR STACK
C TEMIN - INTERCEPT OF THE TEMPERATURE LOSS EQUATION FOR STACK
C TEMSL AND TEMIN ARE USED TO AMKE ALLOWANCE FOR THE TEMPERATURE LOSS OF
C
FLUE GASES IN THE STACK WHEN GAS TEMPERATURES ARE MEASURED AT
C
THE BASE OF THE STACK
C DCOAST - ARRAY DISTANCE (METRES) FROM THE COAST OF EACH SOURCE GROUP
C Q
- SOURCE STRENGTH (KG/S)
C STKVOL - SOURCE VOLUME (M**3/S) AT STACK TEMP (IE. GAS FLOW RATE)
C STKRHO - EMISSION DENSITY (KG/M**3) AT STACK TEMP
C IBUILD - BUILDING EFFECTS FOR THIS SOURCE (1=YES, 0=NO)
C HBSTK - HEIGHT OF BUILDING
C WBSTK - WIDTH OF BUILDING
STKHGT(K),STKDIA(K),STKX(K),STKY(K),DCOAST(K),Q(K),STKVOL(K),STKRHO(K),
IBUILD(K),HBSTK(K),WBSTK(K)
(14X,F5.1,F5.2,F7.0,F8.0,F5.2,F4.0,F6.0,3F8.0,I2,2F4.0)
*** NOTE- WITH BUILDING EFFECTS IT IS ASSUMED THAT THE LAST SOURCE IN THE
SOURCE GROUP HAS THE BUILDING DIMENSIONS. THIS LAST SOURCE ALSO
CONTAINS THE LOGICAL (IBUILD) WHICH DETERMINE WHETHER BUILDING
EFFECTS ARE TO BE USED.

A.2 Methnx3.emi File
Name
Power Stk1
Power Stk2
Train_1_KT1410
Train_1_KT1420
Train_1_KT1430
Train_1_KT1440
Train_1_KT1450
Train_2_KT1410
Train_2_KT1420
Train_2_KT1430
Train_2_KT1440
Train_2_KT1450
Train_3_KT1410
Train_3_KT1420
Train_3_KT1430
Train_3_KT1440

Q
.0106
.0106
.0071
.0074
.0071
.0072
.0091
.0071
.0074
.0071
.0072
.0091
.0071
.0074
.0071
.0072

V
77.7
77.7
137.0
138.2
135.7
137.0
114.5
137.0
138.2
135.7
137.0
114.5
137.0
138.2
135.7
137.0

Rho
.911
.911
.451
.449
.456
.453
.450
.451
.449
.456
.453
.450
.451
.449
.456
.453
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Train_3_KT1450
Power_G_GT4001
Power_G_GT4002
Power_G_GT4003
Power_G_GT4004
Power_G_GT4005
Power_G_GT4006
Domgas__1KT242
Domgas__mod
Domgas__2KT242
Domgas__mod
Stabili_1and2
Stabili_3to5
Prop Comp T4
Prop Comp T5
MR Comp T4
MR Comp T5
PR Reformer
PR Gas Turb#1
PR Gas Turb#2
PR Aux Boiler
S Htrs 1,2,4,5
S HIR Chr Htr
S HTRC
Htr
S Ref Furnace
S ATF Feed pre
S Med Frd Htr
S Strt Up Boil
Burrup_Reform
Burrup PB#1
Gas turbine
Desulph +flare
Gas turbine2
Desulph+flare2

.0091
.0056
.0060
.0064
.0060
.0060
.0060
.0118
.0121
.0118
.0121
.0012
.0018
.0133
.0133
.0133
.0135
.0090
.0133
.0133
.0022
.0012
.0004
.0005
.0022
.0175
.0017
.0235
.0154
.0013
.0500
.0005
.0500
.0005

114.5
137.1
137.1
137.1
137.1
137.1
137.1
102.1
257.4
100.2
116.5
10.0
10.6
1161.4
1161.4
1161.4
1161.4
95.5
71.9
71.9
19.2
3.0
0.5
0.5
21.1
219.6
26.9
217.0
126.4
11.2
348.0
7.0
348.0
7.0

.450
.513
.512
.510
.512
.512
.512
.481
.525
.491
.525
.465
.442
.807
.807
.807
.807
.816
.746
.746
.746
.657
.682
.682
.682
.689
.541
.616
.885
.785
.700
.500
.700
.500
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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0
0
0
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0
0
0
0
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Appendix B
TAPM

Example Input Files used for

B.1 List File
|----------------------------------------|
| THE AIR POLLUTION MODEL (TAPM V1.4.0). |
| Copyright (C) CSIRO Australia.
|
| All Rights Reserved.
|
|----------------------------------------|
---------------RUN INFORMATION:
---------------NUMBER OF GRIDS= 2
GRID CENTRE (longitude,latitude)=( 116.766670 , -20.6499996 )
GRID CENTRE (cx,cy)=( 470400 , 716500 ) (m)
GRID DIMENSIONS (nx,ny,nz)=( 21 , 21 , 20 )
NUMBER OF VERTICAL LEVELS OUTPUT = 16
DATES (START,END)=( 20010101 , 20010228 )
LOCAL HOUR IS GMT+ 7.80000019
MAXIMUM SYNOPTIC WIND SPEED = 30 (m/s)
VARY SYNOPTIC WITH HEIGHT, TIME, HORIZONTAL(WINDS)
INCLUDE VEGETATION
EXCLUDE NON-HYDROSTATIC EFFECTS
EXCLUDE RAIN
INCLUDE PROGNOSTIC EDDY DISSIPATION RATE EQUATION
POLLUTION : CHEMISTRY (NOX,NO2,O3,APM)
EXCLUDE POLLUTANT CROSS-CORRELATION EQUATION
POLLUTANT GRID DIMENSIONS (nxf,nyf)=( 33 , 33 )
BACKGROUND APM
= 0.00000000E+00 (ug/m3)
BACKGROUND NOX&NO2= 0.00000000E+00 (ppb)
BACKGROUND O3
= 25.0000000 (ppb)
BACKGROUND Rsmog = 0.00000000E+00 (ppb)
pH of liquid water= 4.50000000
--------------------------------START GRID 1 c:\Methanex\Jan-Feb\meth100b
GRID SPACING (delx,dely)=( 10000 , 10000 ) (m)
POLLUTANT GRID SPACING (delxf,delyf)=( 5000 , 5000 ) (m)
NO MET. DATA ASSIMILATION SITES AVAILABLE
NUMBER OF POINT SOURCES= 60
USING GRIDDED SURFACE EMISSIONS
AND MIXING THEM OVER FIRST 1 LEVELS
USING BIOGENIC SURFACE EMISSIONS
AND MIXING THEM OVER FIRST 1 LEVELS
INITIALISE
LARGE TIMESTEP = 300.000000
METEOROLOGICAL ADVECTION TIMESTEP = 300.000000 (s)
POLLUTION ADVECTION TIMESTEP = 300.000000 (s)
POINT SOURCE EMISSIONS (PSE) KEY :
is
= Source Number
ls
= Source Switch (-1=Off,0=EGM,1=EGM+LPM)
xs,ys = Source Position (m)
hs
= Source Height (m)
rs
= Source Radius (m)
es
= Buoyancy Enhancement Factor
fs
= Fraction of NOX Emitted as NO2
ws
= Exit Velocity (m/s)
ts
= Exit Temperature (K)
qs
= Emission Rate (g/s)
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B.2 Point source file
60,
1,
0, 470800.00, 716700.00,
0, 470900.00, 716800.00,
0, 476600.00, 723000.00,
0, 476576.00, 722965.00,
0, 476623.00, 722965.00,
0, 476644.00, 722965.00,
0, 476500.00, 722980.00,
0, 476600.00, 722800.00,
0, 476575.00, 722845.00,
0, 476623.00, 722845.00,
0, 476645.00, 722845.00,
0, 476500.00, 722840.00,
0, 476600.00, 722600.00,
0, 476575.00, 722608.00,
0, 476611.00, 722608.00,
0, 476700.00, 722608.00,
0, 476500.00, 722603.00,
0, 476900.00, 722800.00,
0, 476910.00, 722804.00,
0, 476910.00, 722809.00,
0, 476910.00, 722849.00,
0, 476910.00, 722900.00,
0, 476910.00, 722890.00,
0, 477000.00, 722700.00,
0, 477049.00, 722698.00,
0, 477100.00, 722800.00,
0, 477082.00, 722700.00,
0, 477076.00, 722698.00,
0, 477098.00, 722800.00,
0, 477000.00, 722900.00,
0, 477100.00, 722870.00,
0, 476600.00, 722400.00,
0, 476566.00, 722200.00,
0, 476634.00, 722400.00,
0, 476634.00, 722200.00,
0, 476900.00, 723000.00,
0, 476800.00, 722400.00,
0, 476400.00, 719300.00,
0, 476500.00, 719400.00,
0, 476600.00, 719376.00,
0, 476500.00, 719400.00,
0, 475900.00, 718000.00,
0, 475931.00, 717700.00,
0, 475923.00, 717728.00,
0, 475900.00, 717700.00,
0, 476100.00, 717800.00,
0, 475900.00, 718000.00,
0, 476100.00, 717900.00,
0, 476900.00, 718800.00,
0, 477000.00, 718800.00,
0, 476400.00, 723000.00,
0, 476500.00, 722800.00,
0, 476700.00, 722600.00,
0, 476500.00, 722500.00,
0, 478000.00, 720000.00,
0, 478200.00, 719900.00,
0, 477900.00, 719800.00,
0, 478100.00, 719700.00,
0, 478000.00, 720000.00,
0, 478000.00, 720000.00,
14.20,
386.60,
0.00,
14.20,
386.60,
0.00,
10.90,
780.90,
0.00,
11.00,
784.30,
0.00,
10.80,
772.30,
0.00,
10.90,
777.40,
0.00,
20.00,
782.60,
0.00,

52.00,
52.00,
46.00,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
46.50,
40.00,
40.00,
40.00,
40.00,
40.00,
40.00,
17.00,
17.00,
25.00,
17.00,
17.00,
25.00,
33.00,
33.00,
40.00,
40.00,
40.00,
40.00,
44.00,
44.00,
50.00,
30.00,
30.00,
30.00,
25.00,
29.00,
22.00,
31.00,
33.00,
32.00,
35.00,
36.00,
15.00,
40.00,
40.00,
40.00,
10.00,
60.00,
60.00,
60.00,
60.00,
0.00,
35.00,
10.60,
10.60,
7.10,
7.40,
7.10,
7.20,
9.10,
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1.32,
1.32,
2.00,
2.00,
2.00,
2.00,
1.35,
2.00,
2.00,
2.00,
2.00,
1.35,
2.00,
2.00,
2.00,
2.00,
1.35,
1.70,
1.70,
1.70,
1.70,
1.70,
1.70,
1.00,
1.45,
0.75,
1.00,
1.45,
0.75,
0.70,
0.70,
3.25,
3.25,
3.25,
3.25,
0.63,
0.63,
1.50,
1.00,
1.00,
0.50,
0.30,
0.30,
0.10,
0.90,
2.00,
0.68,
2.00,
1.78,
0.85,
2.00,
2.00,
2.00,
1.00,
2.50,
1.00,
2.50,
1.00,
2.50,
2.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,

1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
0.00,
0.00,
0.00,
0.00,
1.00,
1.00,
1.00,
1.00,
1.00,
1.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,

0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
0.90,
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10.90,
11.00,
10.80,
10.90,
20.00,
10.90,
11.00,
10.80,
10.90,
20.00,
15.10,
15.10,
15.10,
15.10,
15.10,
15.10,
32.50,
38.00,
3.60,
31.90,
16.30,
5.00,
6.50,
6.90,
35.00,
35.00,
35.00,
35.00,
3.50,
3.50,
13.50,
22.90,
22.90,
24.50,
10.60,
1.80,
15.90,
8.30,
17.50,
18.80,
17.30,
12.70,
5.00,
11.00,
11.00,
11.00,
11.00,
20.00,
15.00,
20.00,
15.00,
0.50,
17.00,

780.90,
784.30,
772.30,
777.40,
782.60,
780.90,
784.30,
772.30,
777.40,
782.60,
686.50,
687.80,
690.50,
687.80,
687.83,
687.83,
732.20,
670.80,
822.80,
717.20,
670.80,
822.80,
757.30,
796.80,
436.40,
436.39,
436.39,
436.39,
545.20,
545.20,
431.60,
472.10,
472.08,
472.10,
536.00,
516.40,
516.38,
516.40,
511.10,
651.00,
571.70,
397.90,
448.60,
423.30,
423.30,
423.30,
423.30,
501.00,
673.00,
501.00,
673.00,
310.00,
423.00,

0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,

7.10,
7.40,
7.10,
7.20,
9.10,
7.10,
7.40,
7.10,
7.20,
9.10,
5.60,
6.00,
6.40,
6.00,
6.00,
6.00,
11.80,
11.80,
0.30,
11.80,
11.80,
0.30,
1.20,
1.80,
13.30,
13.30,
13.30,
13.30,
0.10,
0.10,
9.00,
13.30,
13.30,
2.20,
1.20,
0.40,
0.50,
2.20,
17.50,
1.70,
23.50,
15.40,
1.30,
0.00,
0.00,
0.00,
0.00,
50.00,
0.50,
50.00,
0.50,
0.00,
0.00,
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0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,

0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.01,
0.01,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.43,
0.43,
0.43,
0.25,
0.00,
0.00,
0.00,
0.00,
0.04,
0.01,
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Appendix C TAPM Ozone and Meteorological
Predictions for January 2001
1 Maximum Ozone Predictions across Grid for Existing Sources
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2 Maximum Ozone Predictions across Grid for Existing Plus Approved Sources
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3. Maximum Ozone Predictions across Grid for All Sources
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4. Wind Speed
12
W in d Sp eed (m s -1 )
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5. Wind Direction
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6. Net Radiation
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7. Temperature
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1 EXECUTIVE SUMMARY
A preliminary environmental noise assessment has been undertaken of Methanex’s proposed
Methanol Production Facility on the Burrup Peninsula in Karratha, Western Australia.

An acoustic model of the proposed methanol plant has been developed and used to provide
noise contours for the area surrounding the plant. The noise model has also been used to
predict noise levels at two site boundary locations and at two of the nearest noise sensitive
locations to the plant (Hearson Cove and Dampier).

Noise contours and noise level predictions have been undertaken for a range of
meteorological conditions which include calm conditions and worst-case wind conditions for
sound propagation in each of 8 cardinal directions. The effects of temperature inversions have
also been reviewed.

A review of the prevailing meteorology in the Dampier / Karratha area has also been
undertaken so as to determine the percentage occurrence of worst-case conditions for sound
propagation at each of the selected receiving locations.

For Hearson Cove, noise impacts are greatest when winds are from the north west. During
night time hours, worst case conditions occur for 2.3 % of the time each year and the worst
months are March and September.

For residential locations in Dampier, noise impacts are greatest when winds are from north
east. During night time hours, (when noise limits are most stringent), worst-case conditions
occur for 2.2% of the time each year and the worst months are April to August.

Predicted noise levels have been assessed for compliance with assigned noise level imposed
under the Environmental Protection (Noise) Regulations 1997, both at the site boundary and
at the nearest noise sensitive locations. At all locations it has been shown that, unless noise
mitigation measures are included in the design of the plant, noise levels will exceed
regulatory noise limits.

The following equipment items have been identified as the most significant contributors to
exceedances of the noise limits:
• Air coolers;
• Turbine Halls;
• A-frame condensers; and
• Compressor suction and discharge piping.
• Steam turbines
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In order to achieve compliance with the noise limits at all locations, the following noise
reductions are required:
•
•
•
•
•

Air coolers – 10 dB(A). This is equivalent to a sound power limit of 115 dB(A) for each
train.
Turbine Halls – 12 dB(A). This is equivalent to a sound pressure level limit of 73 dB(A)
at 1m from the walls of each building or a sound power limit of 109 dB(A) for each
building.
A-frame condensers – 10 dB(A). This is equivalent to a sound power limit of 109 dB(A)
for each train.
Compressor suction and discharge piping – 20 dB(A). This is equivalent to a sound
pressure level limit of 80 dB(A) at 1m from the pipe walls.
Steam turbines – 5 dB(A). This is equivalent to a sound pressure level limit of 80 dB(A)
at 1m from the enclosure walls.

The noise model has also been used to demonstrate that compliance with the assigned noise
levels can be achieved under worst-case meteorological conditions if the noise reductions
above are implemented. It has also been shown that the cumulative impact of noise from the
methanol plant and other proposed industries in the area does not cause the assigned levels to
be exceeded.
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2 INTRODUCTION
SVT were commissioned by Kvaerner to undertake a preliminary environmental noise
assessment of Methanex’s proposed Methanol Production Facility in Karratha, Western
Australia. The objectives of the study are to determine the likely noise emissions from the
methanol plant, to assess the noise emissions for compliance with noise limits imposed under
the Environmental Protection (Noise) Regulations 1997, and, where appropriate, to suggest
methods to mitigate excessive noise emissions.
2.1 Scope of Work
The following list outlines the major activities undertaken during the course of the study:
• Review of documentation provided by Kvaerner including site plans, equipment lists,
equipment data sheets, meteorological data and topographical data.
• Estimation of noise emission levels (sound power levels) for high noise equipment items.
• Development of an acoustic model for the plant and surrounding area.
• Plotting of noise contours down to 35 dB(A) around the proposed plant for a range of
meteorological conditions.
• Calculation of noise levels at the site boundary and at the nearest noise sensitive locations
for a range of meteorological conditions.
• Assessment of noise emissions from the plant for compliance with noise limits imposed
under the Environmental Protection (Noise) Regulations 1997, both at the site boundary
and at the nearest noise sensitive locations.
• Determination of the risk of exceeding noise limits based on an analysis of historical
meteorological data.
• Calculation of the cumulative noise impacts from the Methanol plant and from three other
proposed nearby industries under worst case conditions.
• Identification of high noise equipment items which significantly contribute to excessive
noise levels at the site boundary and at the nearest noise sensitive locations.
• Provision of noise mitigation recommendations to achieve compliance with noise limits.
2.2 Brief Description of Facility
The proposed methanol production facility is to be located on the Burrup Peninsula, some
9km to the north east of Dampier and approximately 1km to the north west of Hearson Cove.
The plant comprises two identical production trains, each including the following equipment
items which have been identified as likely sources of high noise emissions:
• Large bank of fin-fan coolers,
• Gas turbine exhausting via waste heat recovery unit,
• Steam turbine,
• A-frame condenser,
• Air separation unit,
• Compressor suction and discharge piping,
• High power pumps.
The plant location and site layout are shown in Figures 1 and 2 in Appendix A.
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3 ESTIMATION OF PLANT SOUND POWER LEVELS
Sound power levels have been estimated for the major high noise equipment items. The
sound power estimates are primarily based on data supplied by Kvaerner. However, much of
this data is preliminary in nature and has therefore been supplemented by information from
SVT’s in-house database obtained from experience of similar projects. The following
sections of the report present the sound power levels developed for each of the major
equipment items and the rationale and assumptions used. The sound power levels are for a
single production train.
3.1 Fin-Fan Coolers
The following sound power levels for the fin-fan coolers were supplied by Kvaerner.
Octave Band Sound Power Levels - dB(lin)
Item
63
Fin-Fan (per fan) 109

125
109

250
105

500
102

1000 2000 4000 8000
99
91
87
83

Overall
Levels
Lin
A
113
104

The fin-fan coolers cover a large area and each train contains approximately 168 fans.
3.2 Gas Turbine
The gas turbine and associated compression train are partially enclosed in a three storey
compressor and generator hall. It has been assumed that this enclosure provides minimal
noise attenuation. The major noise sources are the gas turbine located within the turbine hall,
the combustion air intake and the exhaust stack from the waste heat recovery unit.
The sound power levels for the noise breaking out of the turbine hall have been developed on
the assumption that the external noise level at 1m from the building will be 85 dB(A), so as to
satisfy occupational noise standards. The sound power spectrum has been obtained from
SVT’s in-house database obtained from experience of similar projects.
The sound power levels for the combustion air intake were obtained from the Donaldson data
sheet provided by Kvaerner. These sound power levels account for the attenuation provided
by an air intake silencer and also the air filter.
The sound power levels for the exhaust stack for the waste heat recovery unit were developed
from SVT’s in-house database obtained from experience of similar projects. A noise level of
90 dB(A) at the exit of the stack has been assumed.
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Octave Band Sound Power Levels - dB(lin)
Item
Turbine Hall
Air Intake
Exhaust

63
130
100
90

125
128
96
93

250
123
91
84

500
118
81
89

1000 2000 4000 8000
115 109 108 106
87
77
90
99
92
94
96
84
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Overall
Levels
Lin
A
133
121
104
99
101
100

3.3 Steam Turbine
The following sound power spectrum for the steam turbine was obtained from SVT’s inhouse database obtained from experience of similar projects. It has been assumed that the
turbine has a simple enclosure which provides minimal noise attenuation and the external
noise level at 1m from the building has been set at 85 dB(A), so as to satisfy occupational
noise standards.
Octave Band Sound Power Levels - dB(lin)
Item
Steam Turbine

63
111

125
112

250
109

500
108

1000 2000 4000 8000
108 106 105 101

Overall
Levels
Lin
A
118
113

3.4 Air Cooled Condenser
The air cooled condenser comprises the steam tubine surface condenser E-186 and the helper
turbine condenser E-106. The noise data provided by Kvaerner for the air cooled condenser
was not adequate for estimation of sound power levels. Therefore, the sound power levels
have been developed from the data supplied for the main air coolers (see section 3.1). It has
been assumed that condenser E-186 has a sound power level equivalent to 24 main air cooler
fans and E-106 has a sound power level equivalent to 12 main air cooler fans. These
assumptions are based on the relative surface areas of the units.
Octave Band Sound Power Levels - dB(lin)
Item
E-186
E-106

63
123
120

125
123
120

250
119
116

500
116
113

1000 2000 4000 8000
113 105 101
97
110 102
98
94

Overall
Levels
Lin
A
127
118
124
115

3.5 Air Separation Unit
The main noise source for the air separation unit is the air intake. The sound power levels for
the air intake were obtained from the Donaldson data sheet provided by Kvaerner. These
sound power levels account for the attenuation provided by an intake silencer and also the air
filter.
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Octave Band Sound Power Levels - dB(lin)
Item
ASU air intake

63
99

125
96

250
92

500
81

1000 2000 4000 8000
89
77
92
98
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Overall
Levels
Lin
A
103
99

3.6 Piping Noise
Sound power levels representing noise emission from compressor suction and discharge
piping have been developed from SVT’s in-house database obtained from experience of
similar projects. It has been assumed that there will be approximately 200m of un-insulated
piping per train and that the average noise level at 1m from the piping will be 100 dB(A). All
other piping has been assumed to have a noise breakout of less than 75 dB(A) at 1m.
Octave Band Sound Power Levels - dB(lin)
Item
Unlagged Piping

63
82

125
91

250
101

500
109

1000 2000 4000 8000
118 121 124 112

Overall
Levels
Lin
A
127
127

3.7 Boiler Feed Water Pumps
There are two boiler feed water pumps per train, of which one will be in use at any given
time. The following sound power spectrum for the pump motors was obtained from SVT’s
in-house database obtained from experience of similar projects and the overall sound power
level was based on the motor power provided by Kvaerner in the project equipment list.
Octave Band Sound Power Levels - dB(lin)
Item
BFW pump

63
96
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125
98

250
98

500
98

1000 2000 4000 8000
98
98
95
88

Overall
Levels
Lin
A
106
104
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4 NOISE MODEL
4.1 Methodology
An acoustic model has been developed using the ENM noise modelling program developed
by RTA Technology. The ENM program calculates sound pressure levels at nominated
receiver locations or produces noise contours over a defined area of interest around the noise
sources. The ENM noise modelling program was originally developed by RTA Technology
for the Australian Noise Advisory Council. The inputs required are noise source data, ground
topographical data, meteorological data and receiver locations.
The model has been used to generate noise contours for the area surrounding the methanol
plant and also to predict noise levels at the site boundary and at noise sensitive locations in
the vicinity of the plant
The model covers an area of 123.5 km2 (13km east – west x 9km north – south).
The model does not include noise emissions from any sources other than the proposed
methanol plant. Therefore noise emissions from road traffic, rail, aircraft, domestic sources,
entertainment, etc are not accounted for. (The cumulative impacts of noise from other
proposed industries is discussed in section 5.5.2.)
The model produces noise contours or noise levels at specified receiving locations for
specific meteorological conditions. Therefore, a range of noise levels can be predicted for any
given location
Since noise limits are most stringent at night, the noise model has been designed to represent
night-time noise emissions.
4.2

Input Data

4.2.1 Source Sound Power Levels
The sound power levels presented in section 3 of this report were used as input to the noise
model. The fin-fan air coolers were represented by seven point sources for each train, with
each point source having a sound power level equivalent to 24 fans. These point sources were
distributed over the length of each train.
4.2.2 Topography, Ground Types and Barriers
Topographical information for the noise model was obtained from the Department of Land
Adminstration in AutoCad format. These contours were converted into DXF file format for
direct import into the noise model.
The ground type assumed for the model is “exposed earth”. This is the most appropriate
ground type available in ENM for the majority of the area covered by the model. For
propagation over the ocean, water has been selected as the appropriate ground type.
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Because of the preliminary nature of the data provided by Kvaerner for the study, the effects
on sound propagation of large buildings and other structures have not been included in the
noise model.
4.2.3 Receiving Locations
The model has been used to predict noise levels at two site boundary locations (B1 and B2)
and two noise sensitive locations (R1, Hearson Cove and R2, Dampier). These locations are
shown in Figure A1 in Appendix A.
4.2.4 Meteorology
Certain meteorological conditions can increase noise levels at a receiving location by a
process known as refraction. When refraction occurs, sound waves that would normally
propagate directly outwards from a source can be bent downwards causing an increase in
noise levels. Such refraction occurs during temperature inversions and where there is a wind
gradient. These meteorological effects typically increase noise levels by 5 to 10 dB and have
been known to increase noise levels by as much as 20 dB in extreme conditions.
The ENM noise model calculates noise levels for user defined meteorological conditions. In
particular, temperature, relative humidity, wind speed and direction data, and temperature
inversion rates are required as input to the ENM model.
The noise model has been used to predict noise levels and produce noise contours for a range
of meteorological conditions. In all cases the temperature and relative humidity values used
were 15°C and 50% respectively, to represent night time atmospheric conditions. Wind
speeds ranging from calm to 3m/s have been investigated in each of 8 cardinal directions. The
effects of a well developed thermal inversion (2°C/100m) has also been investigated for a
range of wind conditions.
4.3

Noise Modelling Results

4.3.1 Noise Contours
Noise contours have been prepared down to 35 dB(A) for neutral conditions and for worst
case wind conditions, with and without a thermal inversion. The following meteorological
conditions have been investigated:
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Meteorological conditions investigated
Wind
Direction
Calm
N
NE
E
SE
S
SW
W
NW
Calm
N
NE
E
SE
S
SW
W
NW

Wind
Speed
(m/s)
Calm
3
3
3
3
3
3
3
3
Calm
3
3
3
3
3
3
3
3

Rate of Thermal
Inversion
(°°C/100m)
0
0
0
0
0
0
0
0
0
2
2
2
2
2
2
2
2
2

Figure
Number
NC 1
NC 2
NC 3
NC 4
NC 5
NC 6
NC 7
NC 8
NC 9
NC 10
NC 11
NC 12
NC 13
NC 14
NC 15
NC 16
NC 17
NC 18

A wind speed of 3m/s is commonly used for assessing worst-case noise impacts because this
speed can significantly increase noise levels down-wind of a noise source, but may not
increase ambient noise (such as wind in trees etc) to the point where noise from the source is
masked.
Noise contours can be found in Appendix B.
4.3.2 Point Calculations
Point calculations have been performed at each of the receiving locations for a range of
meteorological conditions including winds from all 8 cardinal directions and wind speeds
from calm to 3m/s. Calculations have also been performed for worst-case wind conditions
combined with a 2°C/100m thermal inversion. The predicted values are presented in the table
below.
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Noise Level Predictions at selected receiver locations
Wind
Direction

Calm
N
N
N
NE
NE
NE
E
E
E
SE
SE
SE
S
S
S
SW
SW
SW
W
W
W
NW
NW
NW
Calm
N
NE
E
SE
S
SW
W
NW

Wind Inversion
Speed
Rate
o
m/s
C/100m

Noise Level at Receiving Locations
B1
B2
R1
R2
dB(A)
dB(A)
dB(A)
dB(A)

No Temperature Inversion
Calm
0
66
72
1
0
66
72
2
0
66
72
3
0
66
72
1
0
66
72
2
0
65
73
3
0
64
74
1
0
65
72
2
0
64
73
3
0
63
74
1
0
66
72
2
0
65
72
3
0
64
73
1
0
67
71
2
0
67
71
3
0
67
71
1
0
67
71
2
0
68
70
3
0
69
69
1
0
68
71
2
0
69
70
3
0
71
69
1
0
67
71
2
0
68
71
3
0
69
71
2oC/100m Temperature Inversion
Calm
2
68
72
3
2
68
73
3
2
65
75
3
2
64
75
3
2
65
73
3
2
68
72
3
2
71
70
3
2
72
70
3
2
71
72
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58
58
59
60
58
58
58
57
56
55
56
55
54
57
56
55
57
57
57
58
59
59
58
59
60

23
31
31
32
31
32
33
31
32
33
27
31
31
22
21
21
21
20
19
22
20
19
22
22
22

58
61
59
57
55
56
58
60
62

31
33
34
34
32
22
20
21
30
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4.3.3 Summary of Results
Location B1
Receiving point B1 is located on the eastern boundary of the plant and represents the closest
point on this boundary to the production trains. Noise levels at B1 range from 63 dB(A) to 71
dB(A) for wind speeds between 0 and 3m/s. In the presence of a temperature inversion, noise
levels can reach 72 dB(A). The worst-case wind direction is from the west.
Location B2
Receiving point B2 is located on the western plant boundary and represents the closest point
on this boundary to the production trains. Noise levels at B2 range from 69 dB(A) to 74
dB(A) for wind speeds between 0 and 3m/s. In the presence of a temperature inversion, noise
levels can reach 75 dB(A). The worst-case wind direction is from the east.
Location R1 (Hearson Cove)
Receiving point R1 is located approximately 1km to the south east of the methanol plant and
represents the nearest point at Hearson Cove to the plant. Noise levels at R1 range from 54
dB(A) to 60 dB(A) for wind speeds between 0 and 3m/s. In the presence of a temperature
inversion, noise levels can reach 62 dB(A). The worst-case wind direction is from the north
west.
Location R2 (Dampier)
Receiving point R2 is located approximately 9km to the south west of the methanol plant and
represents the boundary of the townsite at Dampier. Noise levels at R2 range from 19 dB(A)
to 33 dB(A) for wind speeds between 0 and 3m/s. In the presence of a temperature inversion,
noise levels can reach 34 dB(A). The worst-case wind direction is from the north east.
4.3.4 Source Ranking
The noise model has also been used to determine the equipment items which contribute
significantly to noise received at the selected locations. For all locations, the most significant
noise sources were the main air coolers and the gas turbine generators. Piping noise and noise
from the A-frame condensers was also significant at boundary locations B1 and B2. Noise
from the steam turbines was also significant at location B2.
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5 NOISE LIMITS
5.1

Summary of Legislation

Noise management in Western Australia is implemented through the Environmental
Protection (Noise) Regulations 1997 which operate under the Environmental Protection Act.
The Regulations specify maximum noise levels (assigned levels) which are the highest noise
levels that can be received at noise-sensitive premises, commercial and industrial premises.
Assigned noise levels have been set differently for noise sensitive premises, commercial
premises, and industrial premises. For noise sensitive premises, eg residences, an
“influencing factor” is incorporated into the assigned noise levels. The influencing factor
depends on land use zonings within circles of 100m and 450m radius from the noise receiver,
including:
• the proportion of industrial land use zonings;
• the proportion of commercial zonings; and
• the presence of major roads.
For noise sensitive residences, the time of day also affects the assigned levels.
The regulations define three types of assigned noise level:
• LA max assigned noise level means a noise level which is not to be exceeded at any time;
• LA 1 assigned noise level which is not to be exceeded for more than 1% of the time;
• LA 10 assigned noise level which is not to be exceeded for more than 10% of the time.
The LA10 noise limit is the most significant for this study since this is representative of
continuous noise emissions from the methanol plant.
Noise levels at the receiver are subject to penalty corrections if the noise exhibits intrusive or
dominant characteristics, ie if the noise is impulsive, tonal, or modulated. That is, the
measured or predicted noise levels are adjusted and the adjusted noise levels must comply
with the assigned noise levels. Regulation 9 sets out objective tests to assess whether the
noise is taken to be free of these characteristics.
The tables below present the assigned noise levels for noise sensitive premises and the
penalties incurred for noise which exhibits intrusive or dominant characteristics.
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TABLE OF ASSIGNED NOISE LEVELS
Type of
premises
receiving noise

Time of day

Noise sensitive
premises at locations
within 15 metres of a
building directly
associated with a
noise sensitive
use

Assigned level (dB)
LA10

LA1

LA max

0700 to 1900 hours
Monday to Saturday

45 +
influencing
factor

55 +
influencing
factor

65 +
influencing
factor

0900 to 1900 hours
Sunday and public
holidays

40 +
influencing
factor

50 +
influencing
factor

65 +
influencing
factor

1900 to 2200 hours
all days

40 +
influencing
factor

50 +
influencing
factor

55 +
influencing
factor

2200 hours on any
day to 0700 hours
Monday to Saturday
and 0900 hours
Sunday and public
holidays

35 +
influencing
factor

45 +
influencing
factor

55 +
influencing
factor

Noise sensitive
premises at locations
further than 15 metres
from a building directly
associated with a noise
sensitive use

All hours

60

75

80

Commercial premises

All hours

60

75

80

Industrial and
utility premises

All hours

65

80

90

TABLE OF ASSIGNED PENALTIES FOR INTRUSIVE OR
DOMINANT NOISE CHARACTERISTICS
Adjustment where noise emission is not music
these adjustements are cumulative to a maximum of 15 dB

Adjustment where noise emission is music

Where tonality
is present

Where modulation
is present

Where impulsiveness
is present

Where impulsiveness
is not present

Where impulsiveness
is present

+5 dB

+5 dB

+10 dB

+10 dB

+15 dB
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5.2 Plant Boundary Locations
Assuming that the area surrounding the plant is available for industrial use, then the noise
limit at the plant boundary is 65 dB(A). However, it is possible that noise emissions received
at the plant boundary will contain some tonal components if no noise control measures are
implemented, thus attracting a 5 dB penalty.
5.3 Hearson Cove
The noise limit at Hearson Cove, locations R1, is 60 dB(A). Because of the distance from the
plant, it is highly unlikely that noise received at this location will exhibit tonality and
therefore no adjustments are required to predicted noise levels.
5.4 Dampier
The night-time noise limit at residential premises in Dampier, represented by location R2, is
35 dB(A). Because of the distance from the plant, it is highly unlikely that noise received at
Dampier will exhibit tonality and therefore no adjustments are required to predicted noise
levels.
5.5

Compliance Assessment

5.5.1 Impact of Methanol Plant Alone
The table of results presented in section 4.3.2 demonstrates that noise emissions from the
methanol plant can exceed the assigned levels both at the site boundary and at Hearson Cove.
The methanol plant does not however produce noise emissions above the assigned levels at
Dampier.
The site boundary limits are exceeded at locations B1 and B2 for nearly all of the
meteorological conditions investigated.
At Hearson Cove the assigned levels are only exceeded when winds are from the west, northwest and north.
5.5.2 Cumulative Impact of Methanol Plant and Other Proposed Industries
Regulation 7 of the Environmental Protection (Noise) Regulations 1997 requires that noise
emitted from a premises must not “significantly contribute” to a level of noise which exceeds
the assigned level. A noise emission is taken to “significantly contribute” to a level of noise if
the emission exceeds a value which is 5 dB below the assigned level. This in effect places a
requirement on all contributors to an exceedance of the assigned levels to reduce their
emissions.
Three other industrial plants have been proposed for the Burrup Peninsula: Syntroleum,
Burrup Fertilisers, and Plenty River. The table below presents the worst-case cumulative
noise levels at Hearson Cove and Dampier based on extracts from the public environmental
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review prepared for Burrup Fertilisers Pty Ltd (which specifies worst case noise levels for
these industries) and on worst case noise levels predicted for the methanol plant.
Industry
Methanex Methanol Plant
Syntroleum Plant
Burrup Fertilisers
Plenty River Plant
Cumulative Noise Level

Noise Level at Dampier
LA10 dB(A)
34
31
<20
<20
36

Noise Level at Hearson Cove
LA10 dB(A)
61
37
32
33
61

The table above shows that the cumulative impact of proposed industries on the Burrup
Peninsula can cause an exceedance of the assigned noise levels at both Dampier and Hearson
Cove under worst case meteorological conditions. At Hearson Cove, the methanol plant
would be the only significant contributor.
It should be noted however, that the cumulative impacts described above relate to proposed
industries only. The impacts of existing industries such as Hamersley Iron, Dampier Salt and
Woodside’s Onshore Gas Plant have not been accounted for.
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6 RISK ASSESSMENT
The noise modelling results presented in section 4.3 show that the predicted noise levels at
any given receiving location can vary significantly depending on the prevailing weather
conditions. The range of predicted values is summarised in the table below.
Predicted Noise Levels dB(A)
Location Minimum Wind Dirn Maximum Wind Dirn
B1
63
E
71
W
B2
69
SW
74
NE
R1
54
SE
60
NW
R2
19
SW
33
NE

Range
8
5
6
14

The maximum values in the table above are increased by approximately 1 to 2 dB(A) in the
presence of a thermal inversion having a temperature gradient of 2°C/100m.
In order to relate the model outputs to the actual noise impact on the area surrounding the
proposed methanol plant, historical meteorological data has been analysed to determine the
frequency of occurrence of specific weather conditions.
6.1 Review of Prevailing Meteorological Conditions
Wind speed and direction data collected by the Bureau of Meteorology at Dampier Port has
been analysed to determine the percentage occurrence of light winds (3m/s or less) which
have the most significant effect on sound propagation. Historical data dating back over 10
years was used in the analysis. The table below represents the percentage occurrence of
winds of 3m/s or less in each month, each season and annually. The values were extracted
from data collected during night time hours (10pm to 7am) since this is the period when noise
limits are most stringent.
Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Winter
Spring
Summer
Autumn
Annual

Calm
1.2
1.2
1.7
2.4
2.1
1.0
1.4
0.4
1.4
1.1
1.4
1.6
0.9
1.3
1.3
2.1
1.4

N
1.4
1.0
1.8
0.8
2.4
1.8
1.1
2.0
0.4
0.1
0.6
1.3
1.6
0.4
1.3
1.7
1.2

Percentage Occurrence of Winds from Each Direction
NE
E
SE
S
SW
W
2.3
0.7
2.6
1.7
0.9
3.0
1.6
0.4
0.7
1.6
0.7
2.8
2.2
0.3
1.7
2.7
1.5
4.1
3.3
1.7
3.1
2.9
2.4
1.7
3.1
1.3
2.8
2.8
2.0
1.3
3.4
1.6
1.4
3.1
0.7
0.7
3.2
2.1
1.3
2.5
0.8
1.5
2.8
2.2
0.6
3.6
2.4
1.1
1.8
0.3
0.6
4.1
1.7
3.4
1.1
0.3
0.6
2.7
1.3
2.1
0.7
0.1
0.6
1.6
0.3
1.7
1.2
0.6
1.5
2.6
0.1
1.9
3.1
2.0
1.1
3.1
1.3
1.1
1.2
0.2
0.6
2.8
1.1
2.4
1.7
0.6
1.6
2.0
0.6
2.6
2.9
1.1
2.5
2.8
2.0
2.3
2.2
1.0
1.4
2.7
1.2
2.1
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NW
3.5
2.2
4.9
1.7
1.5
2.0
0.6
1.4
3.8
2.5
1.4
2.3
1.3
2.6
2.7
2.7
2.3

Total %
Occurrence
17.4
12.3
20.8
19.9
19.3
15.7
14.5
16.5
17.5
11.8
8.4
13.2
15.6
12.6
14.3
20.0
15.6
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No data was available to assess the frequency of occurrence or strength of thermal inversions.
6.2 Correlation of Prevailing Winds with Noise Impacts
The charts below shows the percentage occurrence of worst-case meteorological conditions
which enhance sound propagation at each of the receiving locations considered.
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7 NOISE MITIGATION RECOMMENDATIONS
The results presented in section 4 of this report show that under worst-case meteorological
conditions, noise emissions from the methanol plant can exceed the assigned levels by up to
10 dB at the plant boundary and by 1 dB at the Hearson Cove. The cumulative impact of
noise from the methanol plant and other proposed industries can also cause the assigned level
at Dampier to be exceeded by 1 dB. The major noise sources which contribute to these
exceedances are:
•
•
•
•
•

Main air coolers;
Turbine halls;
A-frame condensers; and
Compressor suction and discharge piping.
Steam turbines

The items from the above list that are most likely to have the greatest cost impacts for the
project are the main air coolers and the A-frame condensers.
Noise mitigation measures for each of these items are discussed in the following sections. It
has been assumed that the noise mitigation measures will eliminate tonality at the site
boundary.
7.1 Main Air Coolers
Noise levels from the air coolers need to reduced by 10 dB. The allowable sound power level
for individual fans will depend on the configuration of the coolers, particularly the number of
fans employed. In order to ensure that the required 10 dB reduction is achieved, the overall
sound power level for each train should not exceed 115 dB(A). The sound power limit for
individual fans can then be derived from the total number of fans in the train. For example, if
there are 168 fans in each train (as assumed in the noise model), then the sound power limit
for an individual fan would be 93 dB(A). Noise from air fin coolers is related to the tip speed
of the fan blades. Therefore, in order to reduce noise levels it is necessary to reduce the tip
speed. This can be accomplished by reducing the rotational speed of the fans and increasing
the number of blades so as to maintain the required air flow. Alternatively, low noise fans are
available which have aerodynamic blades and wing tips.
7.2 Turbine Halls
Noise radiated from the turbine halls needs to be reduced by 12 dB. This is equivalent to a
noise limit of 72 dB(A) at 1m from the walls and roof of the turbine building, or a total sound
power level of 109 dB(A) for each building. In order to achieve this noise reduction, noise
attenuation measures need to be included in the design of the building. Particular attention
should be given to such items as roof vents, doors, windows, louvres and any cooling
measures.
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7.3 A-Frame Condensers
Noise levels from the condensers need to reduced by 10 dB. The allowable sound power level
for individual fans will depend on the configuration of the condensers, particularly the
number of fans employed. In order to ensure that the required 10 dB reduction is achieved,
the overall sound power level for the condensers in each train should not exceed 109 dB(A).
The sound power limit for individual fans can then be derived from the total number of fans
in the condenser. The noise reduction methods discussed for the main air coolers also apply
to the A-frame condensers.
7.4 Compressor Suction and Discharge Piping
Noise emissions from compressor suction and discharge piping are significant at the site
boundaries. However, because of the frequency content of the piping noise, the noise is
readily attenuated during propagation and is not significant at locations R1 and R2. Noise
levels from the piping can be reduced either by lagging the piping or by installing suction and
discharge silencers. A noise reduction of 20 dB is readily achievable using either method.
7.5 Steam Turbines
Noise emissions from the steam turbines significant at the site boundaries and need to be
reduced by 5 dB. This is equivalent to a noise limit of 80 dB(A) at 1m from the turbines, or a
total sound power level of 108 dB(A). This can be achieved by upgrading the enclosures
surrounding the turbines.
7.6 Revised Noise Level Predictions and Noise Contours
The noise model has been used to predict noise levels and produce noise contours based on
implementation of the noise mitigation measures described above. Only worst-case
meteorological conditions have been considered. The noise contours are presented in figures
NC 19 to NC 26 in Appendix B. The predicted noise levels at the site boundary and nearest
residential locations are given in the table below.
Wind
Direction

W
E
NW
NE
W
E
NW
NE

Wind Inversion
Speed
Rate
o
m/s
C/100m

3
3
3
3
3
3
3
3

0
0
0
0
2
2
2
2

Noise Level at Receiving Locations
B1
B2
R1
R2
dB(A)
dB(A)
dB(A)
dB(A)

60
53
59
54
62
54
60
55

58
62
59
62
59
63
60
63

48
45
50
47
50
46
51
48

9
22
11
23
10
23
19
23

These results demonstrate that compliance with the noise regulations can be achieved under
worst-case meteorological conditions if the noise mitigation measures described above are
implemented. The noise mitigation measures also ensure that the cumulative impact of the
methanol plant and other proposed industries does not exceed the assigned levels at Hearson
Cove or Dampier.
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10 APPENDIX C – GLOSSARY OF TERMS
Term
1/3 Octave Band

Definition
A range of frequencies where the highest frequency is greater than
the lowest frequency by a factor of 21/3
Amplitude
Magnitude
Assigned Noise
The highest noise levels that can be received at various premises
Levels
according to the Western Australian Environmental Protection
(Noise) Regulations
A-weighting
A standardised frequency response used in sound measuring
instruments which approximates the response of the human ear
dB
Abbreviation for decibel
dB(A)
Abbreviation for A-weighted decibel
dB(lin)
Abbreviation for Un-weighted decibel
Decibel
A logarithmic unit which represents the ratio of a measured quantity
to a defined reference level
Frequency
The rate of vibration in cycles per second (Hertz) commonly
associated with the pitch of a sound - low frequencies produce bass
sounds and high frequencies produce treble sounds. The frequency
range of the human ear is nominally 20 Hz to 20,000 Hz
Hertz
The unit of frequency
Hz
Abbreviation for Hertz
Impulsive Noise
Noise containing pronounced peaks in amplitude which last for less
than about 1 second, for example banging and thumping
LA1
The sound pressure level exceeded for 1% of a specified time period
LA10
The sound pressure level exceeded for 10% of a specified time period
LAmax
The maximum A-weighted sound pressure level over a specified
period of time
Lin
Abbreviation for Linear
Linear-weighting
Description of the weighting used on sound measuring instruments
which respond equally to all frequencies. Also "Un-weighted"
Modulating Noise
Noise whose amplitude and/or frequency content varies periodically
in time, for example a siren
Noise
Unwanted sound
Noise Level
Sound Pressure Level
Octave Band
A range of frequencies were the highest frequency is greater than the
lowest frequency by a factor of 2
Sound Power
The total sound energy in Watts radiated by a sounce source per unit
time
Sound Power Level The magnitude of the sound power expressed in decibels re 1
picowatt
Sound Pressure
The variation in ambient pressure caused by a sound wave measured in Pascals
Sound Pressure Level The magnitude of the sound pressure expressed in decibels re 20
micropascals
Spectrum
The entire range of sound frequencies
SPL
Abbreviation for Sound Pressure Level
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SWL
Tonal Noise

Abbreviation for Sound Power Level
Noise containing one or more frequencies which dominate the
spectrum. Typically whining or droning noises
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1

Introduction

1.1

BACKGROUND

Methanex Australia Ltd is planning to construct a process plant for the manufacture of
methanol at Burrup Peninsula, Western Australia. The feedstock for methanol is
natural gas, received by pipeline from Woodside Energy Ltd (WEL).
The plant will consist of two identical parallel trains, each train capable of producing a
nominal 6,000 tonnes per day (tpd) of methanol. The methanol will be stored in above
ground tanks in a tankfarm, and pumped to the jetty for loading into ships.
The Environmental Protection Authority (EPA) of Western Australia has determined,
in accordance with the Environmental Protection Act, 1986, that this proposal requires
a Consultative Environmental Review (CER) and a Preliminary Risk Analysis (PRA).
The concept design of the proposed development has been undertaken by Kvaerner
Engineering and Construction. Methanex has prepared the CER for the project and
this PRA, prepared by Halliburton KBR Pty Ltd, will become part of the CER
document to be submitted to the EPA.
In this study it has been assumed that the feedstock natural gas will be supplied to the
methanol plant site by a dedicated pipeline from the WEL LNG plant site on the
Burrup Peninsula, with custody transfer metering at WEL and pressure regulation
equipment at the Methanex site.
1.2

STUDY OBJECTIVES

The objectives of this PRA are to:
− identify the hazards associated with the proposed facility and operations;
− estimate the offsite risk posed by the proposed methanol plant and its associated
facilities including product storage, pipeline transport and ship loading operations;
− compare the risks with the risk criteria published by EPA in the Guidance for Risk
Assessment and Management: Offsite Individual Risk from Hazardous Industrial
Plant” (July 2000);
− determine if there is an interaction from the proposed plant with the nearest
industrial facility in terms of overall risk;
− develop risk reduction measures in order to mitigate the risks where appropriate;
− prepare a comprehensive report that is auditable and in a form suitable for
submission to the regulatory authorities in Western Australia.
1.3

SCOPE OF THE STUDY

The scope of the study covers all operating facilities associated with the proposed
development including the following:
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• Methanol Plant

− Natural gas desulphurisation plant
− Reformer and synthesis gas production
− Methanol converter
− Distillation and methanol production
− Air separation unit (ASU)
− Turbine Drives
− Major heat exchangers
− Waste heat recovery unit
− Methanol tankfarm
• Methanol transfer pipeline
• Ship loading operations.
1.4

STATUTORY CONTROLS

The statutory controls applicable to the proposed development are described in the
CER. The main controls relating to the PRA are:
• EPA Guidance for the Assessment of Environmental Factors “Guidance for Risk

Assessment and Management: Offsite Individual Risk from Hazardous Industrial
Plant” (Ref 1).
• Worksafe Australia, Control of Major Hazard Facilities.
• Guidelines for a Preliminary Risk Analysis (WA EPA – 1993).

This PRA addresses the requirements of EPA Guidance document and has attempted
to demonstrate that:
• the proposed development meets the EPA criteria for individual risk to public;
• adequate design, operational and organisational safeguards will be incorporated in

the development such that the risk is as low as reasonably practicable (ALARP);
and
• existing or proposed industrial developments on the surrounding land would not be

adversely affected.
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2

Summary and Recommendations

2.1

GENERAL

Methanex Australia Ltd is planning to construct a process plant for the manufacture of
methanol at Burrup Peninsula, Western Australia. The feedstock for methanol is
natural gas, received by pipeline from Woodside Energy Ltd (WEL). The plant will
consist of two identical parallel trains, each train capable of producing a nominal
6,000 tonnes per day (tpd) of methanol. The methanol will be stored in above ground
tanks in a tankfarm, and pumped to the jetty for loading into ships.
The Environmental Protection Authority (EPA) of Western Australia has determined,
in accordance with the Environmental Protection Act, 1986, that this proposal requires
the preparation of a Consultative Environmental Review (CER) containing a
Preliminary Risk Analysis (PRA) study. This report constitutes the PRA for the
proposal and it will be submitted to the EPA for approval, together with the CER.
The primary objective of this high-level hazard analysis study was to estimate the
offsite public risk posed by the Methanex development. The results were then used to
determine the acceptability of the risks in relation to the risk criteria published by the
EPA in terms of land use planning for industrial developments.
Established hazard identification techniques were used and the process was reviewed
at a preliminary stage by Kvaerner project engineers to ensure that it reflected the
plant correctly.
Hazardous incidents that were considered non-credible from an operational
perspective, or had limited localised impact were screened out from further analysis.
Only incidents with potential off site consequences or with potential to escalate
resulting in off site impact were carried forward and subjected to a more detailed level
of assessment in the consequence analysis.
Following detailed assessment of incident consequence, those events shown to have
off site impact or potential to escalate and cause off site impact were carried forward
for frequency analysis and assessment of the risk level to land adjacent to the site.
2.2

RESULTS

2.2.1

Hazard Identification

The incidents identified as having the potential to result in an offsite impact are
summarised in Table 2.1.
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Table 2.1

Hazardous events carried forward for consequence analysis

Event
No

Section of
Facility

HAZID No
(Appendix A)

Hazardous Event

Potential
Consequence

Methanol Plant and Storage Facility
Release of natural gas (CH4)
feedstock.

Jetfire/ Flashfire/
Explosion

2.1, 3.1

Release of saturator feed (CH4)

Jetfire/ Flashfire/
Explosion

3.2, 3.4

Release of reformed gas (CH4, H2)

Jetfire/ Flashfire/
Explosion

Release of liquid oxygen

Enhancement of fire

Release of syngas (H2, CO)

Jetfire/ Flashfire/
Explosion/ Toxic gas

Release of crude methanol (CH3OH)

Poolfire

P1

Natural gas supply

P2

Desulphurisation
unit

P3

Reforming

P4

ASU and Reformer

3.3

P5

Methanol Synthesis

4.1, 4.2

P6

Methanol Synthesis

4.3

Methanol
Processing

1.1

5.1, 5.2

P7

Methanol Synthesis

4.4

Release of hydrogen (H2)

Jetfire/ Explosion

P9

Methanol
Distillation

6.1

Release of methanol

Poolfire

P10

Methanol Storage

7.1, 7.4

Release of methanol

Poolfire

P11

ASU

Release of liquid oxygen

Enhancement of fire

P12

Diesel Storage

8.3-8.5

Release of diesel

Poolfire

8.1

Methanol Product Pipeline
PL1

Methanol pipeline

A2 1.(a)

Release of methanol (operation)

Poolfire

PL2

Methanol pipeline

A2 1.(d)

Release of methanol (third party
interference)

Poolfire

Jetty

2.2.2

J1

Jetty

A3 1

Methanol release into water from
MLA rupture

Environmental
incident

J2

Jetty

A3 2

Methanol release into water from
small MLA leak

Environmental
incident

J3

Jetty

A3 3

Methanol release from fittings on
jetty

Poolfire

J4

Jetty

A3 4

Methanol release from fittings on
ship’s deck

Poolfire

J5

Jetty

A3 5

Release of methanol cargo into water
from ship’s hull failure

Environmental
incident

Consequence Analysis

Plant and Pipeline
The study found that the scenarios resulting in an offsite impact were releases of
methanol from the product transfer pipeline. The consequence distances derived for
all release scenarios associated with the methanol process plant and product storage
were found to be within the site boundary.
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The potential for incident escalation was considered low due to the separation distance
between the various unit operations. These distances had been determined from a
previous safety study on the site layout. However, it was considered that larger
releases (in the order of 100 mm) than considered in the safe layout study would be
possible given the potential size of some of the process pipework and that such
releases could result in an offsite impact. These larger scenarios were therefore
modelled.
The scenarios that resulted in the most severe impacts in terms of potential for on-site
risk can be identified as:
• release of process vapours, in particular synthesis gas containing high proportions

of carbon monoxide gas, where the release could result in significant
concentrations that might be a threat to life;
• release of feedstock and process vapours containing high proportions of methane,

where the release could result in a jet fire (immediate ignition) or flash fire or
explosion (delayed ignition);
• release of hydrogen rich gases (hydrogen gas, synthesis gas) and delayed ignition

leading to an explosion; severity of consequences will be dependent on degree of
confinement as hydrogen gas clouds have a high probability of detonation in a
confined space.
Jetty
All methanol spillages into water were classified as environmental incidents, with
negligible safety risk, since methanol is fully miscible in water and there would be no
fire consequence. For large spillages (eg. structural failure of tanker hull and release
of cargo), there could be localised toxic effects on marine life.
For methanol pool fires in the bunded area on the jetty, the 4.7 kW/m2 heat radiation
contour extended up to 21 m. It has been recommended that a fire shield be provided
at a distance of 30 m from the wharf for personnel to take shelter and operate the fire
water monitors.
For a 50 mm leak size on the ship’s deck and a maximum pool diameter of 45 m
(width of vessel), the 4.7 kW/m2 heat radiation contour extended up to 40 m.
2.2.3

Frequency Analysis

Plant and Pipeline
Several data bases were used for the development of frequency of incident scenarios.
For the pipeline, this involved the determination of pipeline and the associated
equipment's failure rates leading to a release of methanol. Once a release has occurred,
it has a probability of ignition. By multiplying the ignition probability by the release
frequencies, fire frequencies were developed. These were used in the risk assessment
model.
The frequency of releases from the process area was not accurately identifiable due to
the limited amount of piping data. Nevertheless, the frequency of releases from
various parts of the plant was calculated on the basis of generic data and an assumed
quantity of pipework, flanges, valves, vessels and fittings (see Appendix B and D).
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Jetty
Frequency values were developed for the various scenarios at the jetty, including the
poolfires and spillages into the water arising from different sized leaks (eg. MLA
rupture, or flange/ joint leak, tanker cargo tank failure following collision). An F-M
curve was developed to show the cumulative frequency with which M or more tonnes
of methanol could be spilled into the water.
The overall fire frequency for a bund fire on the wharf was calculated to be 5.0 x 10-5
per annum.
2.2.4

Risk Analysis

Plant and Pipeline
Individual risk can be assessed by combining the consequence and frequency of
events. TNO RiskCurves was used to generate the isopleths for the methanol process
plant and product storage. The resultant risk contour showed that the risk at the plant
boundary does not exceed the maximum acceptable criterion of 50 in a million per
year.
In the case of the product transfer line, due to the linear nature of the pipeline, the risk
levels were developed as transects, which are levels of risk for a given transverse
distance from the pipeline or associated facilities (valve, meter station). Overall, the
risk along the entire length of the proposed methanol product pipeline will not exceed
the EPA criterion of 10 x 10-6 for non-industrial activities or active open spaces in a
buffer zone between industrial and residential zones. The pipeline will be laid in a
dedicated pipeline corridor and it is not expected that residential areas or sensitive
land uses (such as hospitals, schools or aged care facilities) will be located within the
1 pmpy or 0.5 pmpy contour distances respectively. It is also assumed that there are
no commercial activities set within the 5 pmpy distance from the pipeline.
As it is considered non-credible that the consequences of releases from the product
pipeline and process plant could result in multiple fatalities offsite, societal risk has
not been evaluated.
Jetty

There are no established acceptance criteria for the risk of product spills into water.
The guiding principle is generally that all product spills should be eliminated, or the
risk of a spill reduced to as low as reasonably practicable (ALARP) levels. The
consequence-frequency curve for the identified scenarios shows that the frequency of
a spill exceeding 100 tonnes is approximately 1 chance in 5,000 per year. This risk is
low.
The overall fire frequency for a bund fire on the wharf was calculated to be 5.0 x 10-5
per annum, which is considered to be low.
Assessment of the ship loading operations at the proposed new wharf indicated that
the 4.7 kW/m2 heat radiation contour extends approximately 21 m from the centre of
the pool. Provided that there is a public exclusion zone around the loading point at
least equal to this value, there will be no impact on the public as a result of the loadout
of methanol product.
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2.3

CONCLUSIONS

The study found that Kvaerner had adopted a risk-based approach in the design of the
Methanex facility. In addition, Methanex had incorporated enhanced design features
into the proposed development gathered from past operating experience of similar
facilities.
For the purposes of the hazard analysis, gross assumptions relating to stream
composition, fire and explosion effects and initiating frequencies were made. This
made the study findings conservative and was considered appropriate, as the objective
was to assess the offsite risk levels posed by the development to surrounding land
users.
The following conclusions can be made based on the results of this PRA:
• The methanol production and storage facility has negligible offsite impact with

regard to individual risk by virtue of the plot size. The maximum individual risk at
the boundary was well below 1 in a million per year. As such the facility is
expected to have negligible interaction with surrounding industrial developments.
This conclusion is based upon the risk contours generated and on the conservative
nature of the assumptions that have gone into the contour derivation. The actual
risk contours (that will be defined during detailed design) are unlikely to be larger
than those derived in this study.
• The risk along the entire length of the proposed methanol product pipeline will not

exceed the EPA criterion of 10 x 10-6 for non-industrial activities or active open
spaces in a buffer zone between industrial and residential zones.

• The proposed Methanex development was found to comply with the EPA risk

criteria in terms of land use planning.
2.4

RECOMMENDATIONS

For the risk analysis study, various assumptions relating to the design of the proposed
development were made. This included Kvaerner providing adequate process safety
detection and protection systems to ensure that there would be negligible risk to the
surrounding environment. In addition, the study has also assumed that Methanex, as
the operator would develop and maintain a comprehensive safety and environmental
management system for the facility, pipeline and jetty operations. This includes
written procedures, regular audits, training, permit to work system, robust change of
management and emergency planning.
As such the recommendations arising from the PRA relate to the implementation of
the study assumptions that are outlined in the Hazard Identification tables. This will
provide a basis for the development to reduce risk levels to As Low As Reasonably
Practicable (ALARP).
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These recommendations (assumptions) fall under the broad categories of:
• Facility Design.
• Facility Layout.
• Process

Safety Control Barriers (ie. gas/fire detection, hazardous area
classification, pipeline markers).

• Process Safety Recovery Measures (ie. fire protection systems, ESD, emergency

power backup).
• Safety Management Systems (ie. Permit to Work Systems, maintenance schedules,

critical alarm testing).
• Provision of fire separation distances and shielding at the wharf.
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3

Description of Proposed Facility

The following information is taken from engineering design package (Ref 2).
3.1

SITE LOCATION AND SURROUNDING LAND USES

The proposed location for the methanol plant is a Greenfield site at Burrup Peninsula
in Western Australia.
The site lies in a large area zoned industrial, with the majority of the site falling
within the Burrup Peninsula Draft Land Use and Management Plan. Currently the
area is mostly undeveloped.
The surrounding land uses of interest to this study are:
• Mitsubishi plant site located on the methanol plant southern boundary.
• Burrup Fertilisers located on the tip of the south western boundary.
• Proposed Plenty River Ammonia/ Urea Plant adjoins the Burrup Fertiliser site

further west.
• Dampier public wharf is located west of the site.
3.2

FACILITY DESCRIPTION

3.1.1

General

The proposed facility can be divided into three distinct sections:
• methanol plant and associated tankage and utilities, located at the Hearson Cove

site;
• offplot pipeline transferring methanol from the plant tankfarm to the proposed new

Dampier Wharf; and
• ship loading facilities to be provided at Dampier Wharf.

Each of the two process trains at the methanol plant will produce 6,000 tonnes per
day of methanol from natural gas and associated site storage for 18 days production.
The plant will operate continuously. An air separation unit on the site will provide the
oxygen for the reactor, and nitrogen for inerting utilities.
A steam reforming process is used to produce methanol synthesis gas (syngas) from
natural gas. This is followed by converting syngas to methanol in a catalytic
converter. The crude methanol is purified by distillation.
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3.1.2

Desulphurisation and Saturation

Natural gas enters the plant via a knock out drum to remove entrained hydrocarbon
liquids. The natural gas feed is then heated to a temperature suitable for
hydrodesulphurisation (HDS) in HDS vessels (R-101A-C) by HDS Heat Exchanger
(E-101), with trim heating provided by a fired process heater (E-102). The HDS
vessels are arranged such that a vessel containing HDS catalyst precedes two vessels
containing zinc oxide catalyst for hydrogen sulphide removal. The two vessels with
zinc oxide catalyst beds operate in series, in a lead-lag arrangement.
Desulphurised feed gas is then saturated with water by contacting the gas with a large
quantity of hot circulating water in a packed column called the Saturator (C-101).
The circulating saturator water is a major heat sink for the process and its re-heating
is achieved by heat integration with reformed gas cooling and the Water Cooled
Converter (WCC) (R-107). Control of Steam:Carbon upstream of the reforming
section is achieved by injecting intermediate pressure steam underflow control,
downstream of the Saturator. During normal operation, the steam injection rate need
not exceed the saturator water make-up rate, nor should there be a need for any utility
heating of the circulating saturator water. However, under abnormal or alternate
operating scenarios, trim heating of saturator water is carried out in the Saturator
Water Steam Heater (E-136), which utilises intermediate pressure extraction steam.
3.1.3

Reforming

The reforming section of the process utilises Synetix proprietary Leading Concept
(LC) compact reforming technology. Preheated saturated feed gas passes through the
tube side of the Advanced Gas Heated Reformer (AGHR) (R-102), where it is heated
and partially steam reformed. The reformed gas, which still has a high methane
content, is then passed through an oxygen blown Secondary Reformer (R-109). In this
vessel, the high methane reformed gas is partially combusted with oxygen (98 vol%
purity) before passing through the secondary catalyst bed. A dedicated Air Separation
Unit (ASU) supplies oxygen to the Secondary Reformer.
Hot synthesis gas exits the Secondary Reformer and passes through the shell side of
the AGHR, providing the heat to sustain the endothermic primary reforming reactions
occurring on the tube side.
A Reformer Start-up Heater (E-104) heats the saturated feed gas upstream of the
AGHR tubes, during refractory preheating (in the event of a cold start after a
prolonged shutdown) and before the Secondary Reformer oxygen burner can be reignited.
Synthesis gas leaving the AGHR shell side is cooled through a heat recovery train
consisting of a feed/effluent interchanger (E-103), saturator water heaters (E-134/ 139
& 140), the methanol Refining Column Reboiler (E-120) and the Topping Column
Reboiler (E-116). An air cooler, the Syngas Cooler (E-105) cools the synthesis gas
and process condensate to a suitable catchpot temperature. The Syngas Suction Drum
(D-105) separates the synthesis gas from the process condensate, which is returned to
the saturator. Intermediate knockout drums (D-103 & 104) maintain a reformed gas
vapour fraction in excess of 90 mol% inlet to any heat recovery heat exchanger, while
also ensuring that the process condensate temperature remains high.
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3.1.4

Methanol Synthesis

The Syngas Compressor (K-103A) compresses synthesis gas to methanol synthesis
loop pressure. The make-up to the loop is introduced downstream of the Loop
Circulator (K-103B) and the feed/effluent exchanger, the Loop Interchanger (E-151).
In the event of a cold start after a prolonged shutdown, a steam heated Start-Up Heater
(E-117) provides heat to the system before heat is available from the exothermic
synthesis reactions occurring in the converters.
The synthesis loop is a proprietary Synetix/Methanex design, which utilises two stages
of methanol synthesis. Firstly in a Tube Cooled Converter (TCC) (R-105A/ B) in
which cold feed entering on the tube side is preheated against the heat of reaction
occurring on the catalyst filled shell side. Secondly in a Water Cooled Converter
(WCC) (R-107) where the heat of reaction is removed by heating the circulating
saturator water. The synthesis reactions are highly exothermic, therefore, good heat
transfer is essential between the reaction side and the cooling side of the converter,
due to the trade-off between reaction kinetics (enhanced by higher temperature) and
reaction equilibrium conversion, which increases as the converter exit temperature
decreases.
Effluent from the WCC is cooled firstly by heat recovery in the Loop Saturator Water
Heater (E-138), followed by the feed/effluent Loop Interchanger (E-151), the Refining
Column Feed Preheater (E-135), the Loop Demin Water Heater (E-107), and finally
by air cooling in the Loop Condenser (E-112). The inclusion of a Loop BFW
preheater to heat high pressure BFW, upstream of the Loop Interchanger, offers the
potential to increase the heat recovery efficiency of the gas turbine HRSG if lowpressure steam raising is utilised to improve overall plant efficiency.
Crude methanol is separated at high pressure from recycle gases in the Crude
Methanol Catchpot (D-106). Due to the low conversion per pass in the converter
reactors, a gas recycle is both economically viable and necessary to improve operating
efficiency and minimise emissions. The recycle gases are re-circulated by the Loop
Circulator (K-103B).
A purge is required to prevent build-up of inert components in the loop. Since the
make-up synthesis gas is carbon rich, hydrogen must be recovered from the purge gas,
via a membrane/PSA package (X-131). The amount of hydrogen recovered depends
on the hydrogen/carbon oxides stoichiometry inlet to the TCC. Recovered hydrogen is
returned to the suction of the make-up gas compressor (K103A). The high pressure
residual purge gas leaving the membrane is utilised as fuel gas for the Gas Turbine
(GT) driver (K-104), while the low pressure PSA tail gases are utilised in the HDS
Heater (E-102) and as fuel gas for supplementary firing in the HRSG (X-183). A small
portion of the purge gas is also recycled to the front end to provide hydrogen for the
HDS section.
3.1.5

Methanol Purification

The high pressure crude methanol from the catchpot (D-106) is first letdown to a
lower pressure to allow the bulk of the dissolved gases to flash and separate from the
crude methanol liquid in a Letdown Vessel (D-111). The pressure is reduced further in
a Low Pressure Letdown Vessel (D-112), to remove more dissolved gases and
therefore minimise the load of non-condensables in the Topping Column (C-104)
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overheads. Both letdown vessels utilise water washing for methanol recovery from
flash gases.
Product methanol purification is achieved using a 3-column distillation scheme, in
which the second and third columns (C-104 and C-105) are double-effect (thermally
integrated) columns. Light materials and dissolved gases are completely removed in
the Topping Column (C-104) while the purified methanol product is drawn from the
overheads of both the Refining Column (C-105) and the Recovery Column (C-106).
Water is separated from the methanol product and removed in Recovery Column
bottoms. The water is returned as make-up to the saturator water circulation system
and as wash water for the letdown vessels. A fusel oil side-draw on the Recovery
Column limits the concentration of organic material in the column bottoms and
therefore limits the flow rate of organic material entering the saturator water. By
introducing the fusel separately at the top of the Saturator, organic material can be
stripped more effectively and returned to the reforming section.
While operating normally without re-run, no heat is required from utilities. However,
the distillation system is designed for up to 10% re-run capacity. Therefore, if the
distillation system is to be operated with re-run or under alternate operating scenarios,
then additional heat can be supplied from low-pressure extraction steam via the
Refining Column Steam Reboiler (E-164).
Methanol product is pumped to Methanol Rundown Tanks (T-2) before being
transferred to product storage. A Crude Methanol Tank (T-1) is provided to allow
rundown of off-spec product, which can later be returned to the distillation section as
re-run.
3.1.6

Air Separation Unit

Atmospheric air is compressed in an air compressor driven by the gas turbine unit, and
fed into the air separation unit (ASU). Separation of air into oxygen, nitrogen and
other inerts occurs by adiabatic cooling, and separation in a “cold box”, under
cryogenic conditions.
Liquid oxygen is removed from the cold box, vapourised by cooling incoming air, and
sent to the methanol converter. It is not intended to have liquid oxygen storage on the
site.
Nitrogen produced in the ASU is used as utility gas for inert purging, inert gas
blanketing and similar operations.
The location of the air intake to the ASU ensures that even in the event of accidental
releases of natural gas in the plant, hydrocarbon ingress into the air stream would not
occur, thus eliminating the hazard of hydrocarbon accumulation in the oxygen in the
cold box.
3.1.7

Waste Heat Recovery Unit

The gas turbine exhaust gas, and reformer stack gas leave the system at relatively high
temperatures. As a means of energy optimisation, the waste heat is recovered by steam
generation, and a series of heat exchangers to preheat the feed.
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3.1.8

Methanol Tankfarm

The tankfarm consists of four methanol tanks of 50,000 tonnes capacity each, located
in individually bunded areas. Two tanks will be constructed initially (Phase 1) when
the plant starts up, and two other tanks will be constructed as part of the plant
expansion to the second train (Phase 2).
The tanks are atmospheric above ground tanks, designed to API 650 standard. The
installation will comply with the requirements of AS 1940-1993.
3.1.9

Methanol Transfer Pipeline

Methanol will be pumped from the tankfarm to Dampier Wharf by a single 750 mm
(30 inch) diameter pipeline. The line length is approximately 5 km west of the
methanol plant.
The pipeline will run above ground for the majority of its length, located in an
easement, with corrosion protection by surface coating, and leak detection installed.
The pressure in the pipeline at maximum pumping rates will be about 1,500 kPag
(pump discharge).
The pipeline will be rated for 5,000 tonnes per hour (tph) and will be designed and
installed in full compliance with the requirements of AS 2885.
3.1.10

Ship Loading Operations

Ship loading facilities for methanol will be built at the Dampier Wharf. The facility
will initially consist of one hydraulic marine loading arm with an emergency release
coupling to prevent loss of containment in the event of loading arm failures (Phase 1).
A second loading arm and associated equipment will be installed in the future Phase 2
expansion. Each loading arm will be designed for a rate 2,500 tph of methanol.
The facility will be designed to comply with the requirements of AS-3846.
3.1.11

Utilities

A number of utility systems, typical of petrochemical plant, will be provided in the
facility. These systems are outlined in the following paragraphs.
Steam and Condensate System
The Steam and Condensate system includes the following major equipment: steam
generator feedwater storage, deaerator, steam generator feedwater pumps, associated
chemical storage, excess steam condenser and steam generator blowdown drum.
Chemicals are injected into the steam generator feed water to minimise corrosion and
fouling.
Water Supply System
This area includes the following sub-systems: Fire/ Raw Water Storage, Utility Water
Supply, Raw Water Treating Package, Treated Water Storage, Potable Water
Treatment and Supply, and Fire Water System.
The bulk of process cooling will be achieved through air cooling using fin fan coolers
and the cooling water requirement for this purpose is minimal.
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Flare System
A flare system is included in the facility to handle planned or emergency
depressurisation and blowdown of hydrocarbon streams and pressure relief valve
releases during emergency situations. The flare system is purged with fuel gas to
prevent ingress of air, and a knockout drum is provided to remove liquids prior to
entering the flare.
Fuel Gas System
The fuel gas station consists of a pressure regulating station and a knockout drum for
natural gas fuel.
A portion of the feedstock natural gas is reduced in pressure, passed through a
knockout drum and fed to a fuel gas header. This fuel gas is used for the gas turbine
and the reformer fired heater.
3.3

PLANT CONTROL SYSTEM

3.3.1

Distributed Control System

The principal means of plant control will be by a Distributed Control System (DCS).
Plant operating personnel (operators) will be on duty in the control room at all times
and field operators will be on duty in the plant areas and will be in communication
with the control room operators.
The DCS will perform process and equipment control, equipment interlocks, noncritical process equipment shutdowns, monitoring, alarming, data logging and
recording.
3.3.2

Failure Modes

The plant will have a fail-safe philosophy for protection of personnel and equipment
in the event of equipment and/or process malfunction. Systems will be designed to
shutdown in a safe and orderly manner. All remote operated on-off valves and control
valves will be evaluated for failure mode on loss of power (air or electric). Safe
design practice dictates that solenoids controlling valves will fail-safe by deenergising.
3.3.3

Emergency Shutdown

The emergency shutdown (ESD) system will provide for the shutdown of equipment
and mechanical packages, as well as well as the entire plant. The emergency
shutdown capability provided by the ESD system will be physically separate from
and independent of the DCS. The ESD system will include hardwired signals from
field instrumentation, a fault tolerant and dedicated field output devices for the
highest possible safety and reliability. The ESD system will be supplemented by ESD
pushbuttons and a number of hardwired interlocks throughout the facility.
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4

Hazard Identification

4.1

GENERAL

The major hazards in terms of off-site fatality potential associated with the proposed
development relate primarily to ignited events (ie fire/ explosion) and unignited
releases from certain unit operations (ie carbon monoxide from the Synthesis plant).
For the former, the likelihood of such ignition will depend on the flammability of the
released process stream and the nature and proximity of the ignition source.
This study incorporated an extensive hazard identification that involved a screening
process based upon the nature of a hazard and the proposed safeguards. A set of
scenarios that represented the type of hazards associated with the methanol facility
was developed. Hazardous scenarios were screened out from further analysis if it can
be shown that the scenario (allowing for the safeguards) does not have a potential to
cause offsite effects or deemed to be non-credible, either from an operational point of
view or due to the chemical characteristics of the materials.
Those events which had potential off site consequences were carried forward and
subjected to a more detailed level of assessment involving quantifying consequences
and if necessary, the frequency of occurrence for risk quantification. The Hazard
Identification (HAZID) table - a summary of the identified hazards, together with the
existing and proposed safeguards is presented in Appendix A.
The proposed Methanex development was divided into a number of sections as
outlined in Section 1.2. Development of credible incidents was based upon
discussions held with Kvaerner design engineers and reviews of previous safety
engineering studies undertaken for similar plant operated by Methanex.
The identification of the hazardous materials was based on a review of the description
of the proposed facility and the supporting information, as follows:
• Basic Design and Engineering Package for Outside Fence Facilities;
• Basis of Design documents for control systems;
• general layout drawings;
• process flow diagrams (PFDs); and
• piping and instrumentation diagrams (P&IDs).

In the following sections, the properties of the hazardous materials identified are
discussed and credible hazardous scenarios are postulated for evaluation against
proposed design, hardware and procedural safeguards.
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4.2

HAZARDOUS PROPERTIES OF MATERIALS

4.2.1

General

The major hazards identified at the site will be flammable gas and liquids that could
result in jet, spray or pool fires and vapour cloud explosions following loss of
containment.
A release of a flammable gas under pressure may result in a jet fire if ignited
immediately, or, in the event of delayed ignition, a flash fire followed by jet fire if the
leak has not been isolated. A flash fire may result in an explosion if there is a
sufficient mass of flammable vapour and a degree of confinement for flame front
acceleration. Only the part of the flammable cloud where the concentration is above
the lower flammability limit will ignite.
The stream properties have been estimated based on the P&IDs/ PFDs and the typical
operating parameters for similar plant.
Due to the proprietary nature of the Methanex process, the exact compositions and
operating parameters of process streams are considered confidential and have not been
reported. However the study made assumptions on these streams as outlined below
and in Appendix B.
4.2.2

Gas Vapour Streams

Methane
Methane is a major component in the natural gas feedstock and reformed gas.
Natural gas has been assumed to be essentially composed of methane ie. greater than
98%. Methane is a Class 2.1 Dangerous Good (flammable gas) that burns with a
luminous flame. It has flammability limits of 5-15 vol% in air. Methane is considered
to be an explosion hazard if the gas cloud is confined in significantly congested areas.
The same assumption was also applied to saturator feed and reformed gas.
Hydrogen
Hydrogen is a highly flammable gas that burns with a non-luminous flame. It has wide
flammability limits (4 - 75 vol% in air), a very low minimum ignition energy and a
high burning velocity. It therefore is easily ignited and burns rapidly. Hydrogen gas
clouds located in congested and/ or confined locations are considered high explosion
hazards. Hydrogen is present as a major component in the Syngas process stream
together with carbon monoxide.
Carbon Monoxide
The process streams within the syngas plant contain significant amounts of carbon
monoxide (8-21 vol%). Although carbon monoxide is flammable in the range of 12-75
vol% in air, the primary hazard arises from toxic gas exposure. Carbon monoxide
burns with a luminous flame.
Carbon monoxide is a colourless, odourless gas that has approximately the same
density as air. It combines with the haemoglobin in the blood to form
carboxyhaemoglobin (COHb), displacing the oxygen, thereby impairing the oxygen
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capacity of the blood. The effects are fast acting, with a concentration in air of 1.3
vol% causing unconsciousness within a few minutes (Ref. 3).
The concentration of carbon monoxide in air at which 50% of an exposed population
will be fatally injured (referred to as the LC50) for a 30 minute exposure time is in the
order of 8,000 mg/m3 or 0.7 vol%. A concentration of 1,500 ppm is considered
immediately dangerous to life and health (IDLH value), ie. potential for irreversible
damage for exposure over 30 minutes.
Oxygen
The hazardous properties of oxygen arise from its ability to enhance the process of
combustion with oxygen enrichment of air increasing the flammability of materials.
The speed of combustion of common materials increases markedly with an increase in
the oxygen content in the air. For cotton clothing, the burning rate increases by about
25% in an oxygen concentration of 40% in air. There is a corresponding increase in
the ease of ignition. Beyond an oxygen concentration of 40% in air, further increased
effect due to oxygen enrichment is relatively small.
An oxygen concentration of 40% in air was used in the study as the critical
concentration for enhancement of combustion and ease of ignition.
4.2.3

Liquid Streams

Methanol
Methanol is a liquid hydrocarbon designated as a Class 3 Packing Group II Dangerous
Good (ie. flammable liquid) with a subsidiary risk of 6.1 (toxic).
Methanol is a colourless, clear and mobile volatile liquid (boiling point of 64.5O C). It
has a density of 787 kg/ m3 and is miscible with water. It is toxic if swallowed (may
cause blindness).
Table 4.1 summarises the proposed volumes of crude and final product methanol to be
stored at the site.
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Table 4.1
Tank No.

Methanol storage
Product

Approximate
Capacity (kl)

T-1

Crude Methanol Tank

75,000

T-2A

Methanol Rundown Tanks

4,000

T-2B

Methanol Rundown Tanks

4,000

T-2C

Methanol Rundown Tanks

4,000

T-2D

Methanol Rundown Tanks

4,000

T-3A

Methanol Product Tanks

63,000

T-3B

Methanol Product Tanks

63,000

T-3C

Methanol Product Tanks

63,000

T-3D

Methanol Product Tanks

63,000

Fusel Oil
Fusel Oil is a mixture of methanol and water and is a by-product from the methanol
distillation process. For the purposes of this study, this liquid stream was not
considered to be flammable due to the high water content (~60%).
4.3

SAFETY ASPECTS FOR THE PROPOSED FACILITY

4.3.1

Safety Systems

The plant will be designed in accordance with recognised engineering codes and
standards and will include a number of safety systems. At this stage of the project, full
details of the safety systems that will be included have not been developed in detail.
However, a general outline of the proposed safety systems is provided, and, where
appropriate, certain assumptions have been made with regard to the operation of these
systems. Where this is the case, the assumptions are clearly noted and justification
provided.
4.3.2

Engineering Codes and Standards

Australian and International engineering codes and standards will be used in the
project design. Some of the key codes and standards to be used are:
• AS 3846
• API 650
• AS 1940
• AS 2885
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4.3.3

Process Safeguards

The process safeguards built into the design will include:
• open plan to avoid the potential for accumulation (and explosion) of hydrogen in

enclosed spaces.
• a flare system for planned or emergency depressurisation and blowdown of

hydrocarbon streams and pressure relief valve releases during emergency
situations.
• fail safe design of equipment
• emergency shutdown system (ESD) for individual plant items as well as the overall

plant and methanol transfer system. The ESD system will be independent of the
plant DCS.
• equipment and systems as listed in the Methanex Loss Prevention Summary e.g.

4.3.4

-

pressure safety devices such as PSVs.

-

hydrocarbon pumps with double mechanical seals and seal failure
detection.

-

hazardous chemical pumps of sealess or canned type.

-

double block and bleed isolation for gas supplies to reformers and fired
heaters.

-

methanol tanks of internal floating roof design with full spill
containment.

-

duplication of sensing devices with two-out of -three logic voting and
two independent power supplies for critical equipment.

Fire and Gas Detection System

As with all Methanex facilities, a robust fire and gas detection system will be
provided. In general (Ref 4):
• Fire (UV monitor) and gas detection provided around compressor area.
• Fire (UV monitor) and gas detection provided at methanol distillation.
• Ionised gas detection at the jetty substation.
• Fire and gas detection provided at synthesis plant.
4.3.5

Fire Protection Systems

Methanex proposes to provide a dedicated firewater system comprising a network of
hydrants and hosereels. Fire protection requirements for the methanol storage will be
in accordance with AS1940.
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4.3.6

Emergency Power

The methanol facility will be provided with a pulse width modulated Uninterruptable
Power Supply (UPS) system as the primary power supply for all instrumentation and
critical process control equipment.
Emergency power will be supplied by diesel powered engines.
4.3.7

Safety Management System

It is assumed that a comprehensive safety management system will be developed prior
to the commencement of operation of the plant. It is expected that this will be similar
to safety management systems that are currently in place in other similar installations
in Western Australia and would typically include, but not be limited to, the following
elements:
• safety policy, planning and objectives;
• risk assessment and risk management systems;
• employee training;
• standard and emergency plant operating procedures;
• maintenance management system;
• maintenance procedures and philosophies including standard items such as permit

to work (PTW) system, isolations procedures etc;
• incident reporting and investigation procedures;
• management of change procedures; and
• emergency response plan.
4.4

HAZARDOUS SCENARIOS AND EVALUATION OF SAFEGUARDS

4.4.1

Approach

Following the identification of the hazardous materials, inventories and locations for
each section of the facility, hazardous events were identified for each section.
Preliminary hazard identification tables were then developed relating the hazardous
event, the potential causes of the incident, the potential consequences and any
proposed safeguards. The safeguards included consideration of the hardware
(equipment), software (management systems) and human factors.
The identified events were then screened to select the incidents with potential to result
in an offsite impact (plant incidents) or produce significant injuries and damage to
plant and environment (pipeline and wharf). In conducting this screening process,
particular events were eliminated following consideration of hardware and
engineering design code requirements or practices that will be adopted in the design of
the facility. Credit was also given to safety systems proposed for the facility (eg.
emergency shutdown and depressurisation systems) and to the safety management
philosophies, systems and procedures that are likely to be in place for an operating site
of this nature.
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The remaining hazardous incidents were carried forward and subjected to a more
detailed level of assessment involving potential consequences, based on the hazardous
properties of the materials, and likelihood of occurrence.
4.5

HISTORY OF SAFETY PERFORMANCE OF SIMILAR METHANEX FACILITIES

Methanex has indicated that it has a very good safety and incident record, with no
recorded fatalities.
In general, major incidents can be attributed to inadequacies in plant design, operating
procedures and maintenance. Given that Methanex will, in-line with current industry
practice, be incorporating risk and hazard studies throughout the design process, and
given the safety management system that would be expected to be in for a facility of
this nature, the probability of these incidents occurring at the proposed site is
considered low.
In addition, Kvaerner will be providing due consideration to the inherent safe features
of the plant and adopting a risk based design process for the provision of sufficient
and adequate safety systems for the prevention, detection and mitigation of potential
incidents.
4.6

HAZARDS IDENTIFIED

The major hazards identified for the Methanex facility were flammable gas and liquid
fires and vapour cloud explosions. The material hazard matrix is shown in Table 4.2
and the plant area hazard matrix in Table 4.3.
Using the above tables and reviewing the supplied documentation, the Hazard
Identification (HAZID) tables for the various sections of the Methanex facility are
given in Appendix A. The events that were considered to have negligible potential for
causing offsite impact or significant injury/ damage to plant and environment, on the
basis of the screening process described above, are identified within the table.
A summary of the events carried forward for consequence analysis is given in
Table 4.4.
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Table 4.2

Process and product material hazard matrix

Material

Potential Hazards
Explosion/
Flashfire

Fire
Jet

Spray

Pool

1

Natural gas (CH4)

✔

✔

2

Saturator feed (CH4)

✔

✔

3

Reformed gas (H2, CH4, H2O)

✔

4

Hydrogen (H2)

✔

✔

5

Synthesis gas (H2, CH4, CO)

✔

✔

6

Flash gas (CO2, CH4)

7

Methanol (CH3OH) low press.

8

Methanol (CH3OH) high press.

9

Oxygen (O2)

Toxic
Gas

Chemical
Spill

✔
✔

✔
✔

✔

✔

✔

✔1

✔

✔2

Notes:
1. Oxygen enhances the fire potential of a released hydrocarbon.
2. Oxygen increases the flammable range of a hydrocarbon air mixture.

Table 4.3

Plant area hazard matrix
Potential Hazards

Operation

Fire
Jet

1

Natural Gas Receival (1)

Spray

Pool

Explosion/
Flashfire

✔

✔

1

2

Air Separation Unit (9)

✔

✔2

3

Desulphurisation (1)

✔

✔

4

Saturation (2)

✔

✔

5

Reforming (3)

✔

✔

6

Methanol Synthesis (2,5,6)

✔

✔

7

Methanol Distillation (7,8)

8

✔

Toxic
Gas

Chemical
Spill

✔

✔

✔

✔

Methanol Product Storage (8)

✔

✔

✔

9

Methanol Product Pipeline (8)

✔

✔

10

Wharf/ Jetty (8)

✔

✔

Note brackets () denote materials listed in Table 4.2
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Table 4.4
Event
No.

Hazardous events carried forward for consequence analysis
Section of Facility

HAZID No
(Appendix A)

Hazardous Event

Potential
Consequence

Methanol Plant and Storage Facility
Release of natural gas
(CH4) feedstock.

Jetfire/ Flashfire/
Explosion

2.1, 3.1

Release of saturator feed
(CH4)

Jetfire/ Flashfire/
Explosion

3.2,3.4

Release of reformed gas
(CH4, H2)

Jetfire/ Flashfire/
Explosion

3.3

Release of liquid oxygen

Enhancement of fire

Release of syngas
(H2, CO)

Jetfire/ Flashfire/
Explosion/ Toxic gas

Release of crude
methanol (CH3OH)

Pool fire

4.4

Release of hydrogen (H2)

Jetfire/ Explosion

6.1

Release of methanol

Pool fire

7.1, 7.4

Release of methanol

Pool fire

Release of liquid oxygen

Enhancement of fire

Release of diesel

Pool fire

P1

Natural gas supply

1.1

P2

Desulphurisation
unit

P3

Reforming

P4

ASU and Reformer

P5

Methanol
Synthesis

4.1, 4.2

P6

Methanol
Synthesis

4.3

Methanol
Processing

5.1, 5.2

P7

Methanol
Synthesis

P9

Methanol
Distillation

P10

Methanol Storage

P11

ASU

P12

Diesel Storage

8.1
8.3-8.5

Methanol Product Pipeline
PL1

Methanol transfer
pipeline

A2 1.(a)

Release of methanol from
transfer pipeline, or at
valve, flange or fitting due
to design/ construction/
installation/ maintenance
fault

Liquid release and
pool fire if ignited.
Escalation to adjacent
pipelines/ structures

PL2

Methanol transfer
pipeline

A2 1.(d)

Release of methanol from
transfer pipeline due to
impact or third party
interference

Liquid release and
pool fire if ignited.
Escalation to adjacent
pipelines/ structures

Jetty
J1

Jetty

A3 1

Methanol release into
water from MLA rupture

Environmental
incident

J2

Jetty

A3 2

Methanol release into
water from small MLA
leak

Environmental
incident

J3

Jetty

A3 3

Methanol release from
fittings on jetty

Pool fire

J4

Jetty

A3 4

Methanol release from
fittings on ship’s deck

Pool fire

J5

Jetty

A3 5

Release of methanol cargo
into water from ship’s
hull failure

Environmental
incident
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5

Consequence

5.1

INTRODUCTION

The purpose of this section is to outline the consequence models used in the analysis,
to reference the assumptions used in the modelling and to discuss the impairment
criteria to be used in the interpretation of the modelling results.
The consequence modelling has been conducted using the following software
packages:
• TNO software package EFFECTS (Ref. 5), which comprises a number of fire,

explosion and dispersion models for accidental releases of hazardous materials. All
models within EFFECTS are fully detailed in the Yellow Book (Ref 6).
• FRED (Fire Release Explosion and Dispersion), a Proprietary package of Shell

Global Solutions, with main focus on hydrocarbons (Ref 7).
• In-house developed program for pool fires with built-in experimental burning rates

of flammable liquids (including methanol).
More comprehensive descriptions of the consequence modelling are provided in
Appendix C for both the methanol transfer pipeline and the process plant and storage
area. Values of, and references for parameters used in the modelling are also provided.
5.2

SCENARIO EFFECT DISTANCES

The effect distances for each release source have been determined from the site plot
plan. Where the effect distance did not extend beyond the property boundary, the
event was screened out from further assessment as it would have not result in an
offsite impact.
5.3

RELEASE RATES

5.3.1

Process Plant

The following scenarios were found to be applicable to the Methanex facility.
1.

Small leaks from flange joints. A 10 mm equivalent size was assumed.

2.

Leaks from valve glands. The representative hole size was 10 mm. This was
independent of the valve size.

3.

Instrument fittings (20 mm equivalent).

4.

Pump seal failures. For calculation purposes, an equivalent hole size of 10 mm
diameter was assumed.
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5.

Full bore failures of pipework from dropped objects, escalation from flame
impingement from small fires, and pipe failures from ruptures. A hole size of
100mm was assumed to be representative of pipe rupture.

Both gas and liquid leak rates were calculated in Effects using the Bernoulli equation.
5.3.2

Methanol Transfer Pipeline

Release rates for liquid releases were calculated using the standard Bernoulli equation
for release from an orifice. To allow for the pressure drop along the pipeline
(approximately 4 km from plant boundary to wharf entry), the pipeline length was
divided into two equal parts and a set pressure was assumed to apply for each part.
The upstream section was assumed to be at the maximum pumping rate pressure of
1,470 kPag and the downstream section was allocated a pressure of 500 kPag. These
pressures were taken from the stream data on the PFD for Methanol Metering and
Loading.
Based upon past experience in conducting QRA for similar installations and the
potential failure modes of equipment, the following plausible leak scenarios
(equivalent hole sizes) were chosen:
1. 13 mm. Small leaks from valve glands and flange gaskets.
2. 20 mm. Rupture of small bore instrument fitting lines.
3. 75 mm. Significant failure of methanol transfer pipeline between plant and wharf
from potential impact/ third party interference.
It is noted that the above approach is conservative as small leaks from flanges and
valves may result in an equivalent hole sizes less than 6 mm.
5.3.3

Jetty

The following scenarios were release identified at the jetty:
1. 10 mm - Small leak from joints or flanges on the MLA/ pipework or ship’s
transfer manifold piping
2. 50 mm - Medium leak from joints or flanges on ship’s transfer manifold piping
3. 400 - Full bore rupture of MLA.
4. 300 mm - large leak from failure of ship’s hull
The release rates are shown in Table 5.1.
Table 5.1

Methanol release rates at jetty

Description
Full bore - Loading Arm

Hole Size mm

Release Rate, kg/s

Flow Limiter

400

694.4

Pumping Rate
at 2,500 tph

Small leak

10

2.48

Hole Size

Medium leak

50

62.0

Hole Size

Ship’s hull failure

300

617.0

Hole Size
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5.4

JET FIRES

Jet fires result when a high pressure leak of gas from a pipe or vessel is ignited during
the release. Due to the high pressures involved, the exit velocity can be significant.
However, the pressure can fall rapidly due to depressuring effect, thus reducing the
impact of jet fires.
The previously completed layout study for the project (Ref 8) showed that jet flame
lengths up to approximately 20m could be expected for the scenarios postulated. Heat
radiation levels of 15kW/m2 (ie. capable of damaging equipment) could be
experienced up to 25 m from the release point. This effect is well within the site
boundary, as equipment items are located well within the boundary. Assuming that the
separation distances between plant items recommended in the layout study are
complied with, knock on effects due to jet fires are also regarded as highly unlikely.
Jet fire scenarios have therefore not been included in the risk calculations.
5.5

VAPOUR CLOUD EXPLOSIONS

Flammable Cloud Mass
If a release of flammable gas from a pipe or vessel is not ignited immediately, forming
a jet fire, then a delayed ignition would result in a flash fire, followed by a jet fire if
the leak had not been isolated. The flash fire may result in an explosion if there is a
sufficient mass of flammable vapour and a degree of confinement for flame front
acceleration. Only the part of the flammable cloud where the concentration is above
the lower flammability limit will ignite.
The flammable gas cloud is defined by the extent of the gas cloud where the gas
concentration is between the upper and lower flammability limits.
Natural Gas
To determine the flammable mass of vapour in the plume from a gas release, and the
flammable isopleth, dispersion modelling of the release is performed. The dispersion
models within TNO EFFECTS were used to model dispersion for releases of natural
gas, and to predict the flammable cloud masses.
Syngas / Hydrogen
For hydrogen rich fires, the Hawksley method was used to predict mass involved in an
explosion. Based on comparisons with a number of models, Hawksley showed that the
best estimate of the size of the flammable cloud involved in the explosion is the
quantity of gas discharged from the leak in the first 10 seconds. This reflects the very
short ignition delays experienced with hydrogen rich gas clouds. For this study, the
mass was estimated from the leak rate over 20 seconds, to provide a degree of
conservatism. (refer to Appendix C for further detail).
Explosion Overpressure
Only the portion of the flammable cloud that is within a confined area is likely to
result in explosion on ignition; the remainder of the vapour will burn as a flash fire.
An explosion model is used to determine the overpressure that results from explosion
of the vapour cloud.
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The TNO multi-energy method was used for explosion modelling of natural gas
releases. The parameters for an explosion are the mass of confined vapour cloud ie.
above the lower flammability limit (LFL), and the curve number. The curve number
measures the amount of restriction or confinement of the site. The TNT model was
used to model hydrogen / syngas explosions.
Experience of vapour cloud explosions in confined areas has shown that the minimum
mass of vapour that will explode under some confinement is at least 10-20 kg. If the
flammable mass of vapour in a confined area is smaller than this, it was assumed that
ignition will result in a flash fire rather than an explosion, ie no overpressure effects.
(It is usual to assume that any persons caught within the flash fire will be fatally
injured).
5.6

POOL FIRES

A flammable liquid leak can form a pool with subsequent ignition to produce a pool
fire. Heat radiation effects from the pool fire are determined by the burning substance,
pool diameter and wind conditions. Distances to particular heat radiation levels for
methanol pool fires were calculated using an in-house pool fire model.
5.7

EFFECTS ON PEOPLE

The heat radiation and overpressure levels generated by the incident scenarios were
correlated to fatality effects as shown in Table 5.2. These levels are thought to be
conservative, compared with known heat radiation and overpressure effects. (Refer to
Appendix C for further details)
Table 5.2

Fatality effects

Fatality Probability
(%)

Heat radiation level
(kW/m2)

Overpressure
(kPa)

100

14

35

50

10

14

10

6

7

5.8

CONSEQUENCE ANALYSIS RESULTS

5.8.1

Process Plant

The consequence results are summarised in Tables 5.3, 5.4 and 5.5.
Poolfire
The largest effect distance occurs for a bund fire at the methanol storage tanks. For
this scenario, the 6 kW/m2 heat radiation contour extends 110 m from the centre of the
pool. This would extend across the site southern boundary by approximately 25 m for
tank TK1. The 6 kW/m2 heat radiation contour remains within the site boundaries for
all other scenarios. The 10 kW/m2 heat radiation contour for a bund fire at the
methanol storage tanks may just reach the site southern boundary for tank TK1. The
10 and 14 kW/m2 heat radiation contours remain within the site boundaries for all
other pool fire scenarios.
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Table 5.3

Poolfire consequence results
Distance from Pool Centre to (m):
14 kW/m

10 kW/m

6 kW/m

Poolfire
Diameter (m)

2.7 kg/s
10.8 kg/s
240 kg/s

17.6
23.3
67.7

19.5
27.5
81.4

22.5
33.8
103

14
28
136

Methanol leak
storage area
piping

0.2 kg/s
0.7 kg/s
16 kg/s

7.5
11.7
24.8

8
12.7
30.3

9.2
14.6
33.7

4
8
35

Methanol storage
- tank fire

Tank diam = 70m
Tank height =
10m

35

40

55.2

70

Methanol storage
- bund fire

Bund 130x
x130m

74

87

110

147
(equiv diameter)

Event Category

Description

Methanol leak process area

2

2

2

Explosion
The greatest effect distance for explosion overpressure at 7 kPa is 181 m. This would
result from a large leak (52.5 kg/s) at the syngas area, however the overpressure
contour would be contained within the site unless the gas cloud drifted for some
distance before ignition. Even in this situation, there is a minimum buffer zone of
about 100 m ie. the cloud could drift about 100 m (towards the north-west) before
ignition and the 7 kPa contour would still be just within the site boundary.
Table 5.4

Explosion consequence results

Area

Event
category

Distance from leak source to (m):
34 kPa

14 kPa

7 kPa

Comments

Natural gas leak

0.6 kg/s
2.5 kg/s
62.5 kg/s

28.7

49.8

83.8

Mass too small
Mass too small
TNO explosion model

Syngas leak

0.5 kg/s
2.1 kg/s
52.5 kg/s

13.5
21.7
63.5

29
38.5
112

38.4
61.8
181

TNT explosion model

CO Release
Results for the CO dispersion analysis are given below for two wind/ weather classes:
F1.5 - low wind and stable conditions (worst case) and D5 - neutral stability, higher
wind speed (most prevalent for Burrup Peninsula). Full results are given in
Appendix C.
The results show that for an uncontrolled release, a concentration equivalent to 1%
and 10% fatality, the CO plume will extend beyond the site boundary only for the
largest leak size. For the D5 class (occurring approximately 44% of the time at
Burrup Peninsula), the CO plume would be contained within the site boundaries for all
leak sizes and gas concentrations.
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TABLE 5.5 - Summary CO Dispersion Results - 30 Minutes Exposure
F1.5
Hole
Size

CO Flow
Rate

90% Fatality

50% Fatality

10% Fatality

1% Fatality

29,679ppm

8,093ppm

2,250ppm

788ppm

(mm)

(kg/s)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

10

0.25

1.2

0.2

3.7

0.7

5

3

21

6

20

1

2

0.4

7

1.5

8

4

42

10

100

25

13

3.5

87

20

1340

65

2703

90

Hole
Size

CO Flow
Rate

90% Fatality

50% Fatality

10% Fatality

1% Fatality

29,679ppm

8,093ppm

2,250ppm

788ppm

(mm)

(kg/s)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

10

0.25

1

0.2

3

0.5

4

2

17

7

20

1

2

0.3

4.5

1.5

20

5

46

18

100

25

12

4

57

15

138

40

262

80

D5

5.8.2

Methanol Transfer Pipeline

From the HAZID, pool fire scenarios were carried forward for further analysis. As
described above, three hole sizes were postulated and leak rates calculated for the
pipeline maximum pressure (1,470 kPag) at full methanol transfer rates (5,000 te/ hr)
and at 500 kPag.
For both pressures and each leak rate, the pool fire equilibrium diameter was
calculated and the modelling program TNO EFFECTS was used to determine the
distance to the heat radiation levels 6, 10 and 14.7 kW/m2. The radiation levels were
calculated for a wind speed of 5 m/s (the predominant wind speed in the area.).
The results are shown below in Table 5.6.
Table 5.6

Methanol pipeline pool fire consequences

Hole Size mm

Leak Rate kg/s

Equilibrium Pool
Diameter m

Distance to Heat Radiation Level m
6 kW/ m2

10 kW/ m2

14 kW/ m2

1470 kPag
13

5.1

20

36

24

18

20

12

30

45

32

24

75

168

112

80

71

62

13

3.0

15

27

18

13

20

7.0

23

40

27

20

75

98

86

71

61

52

500kPag
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5.8.3

Jetty

Pool fire scenarios were identified at the wharf (in the bunded area) and on the ship’s
deck around the manifold piping area. The pool fire modelling results are given in
Table 5.7. For a 10m x 10 m bunded area at the wharf, the entire containment area
would be filled, even for the small leak rate (10 mm hole). The 4.7 kW/m2 heat
radiation contour distance (21 m) would indicate that the wharf would probably need
to be evacuated or some fire shielding provided.
For the larger leak rate (50 mm hole), a pool diameter of 45 m was calculated,
however it is unlikely that a pool of this size could form on the jetty (due to the
bunding and size of the jetty) or on the deck of the tanker (due to the tanker beam and
other equipment on deck).
Table 5.7
Incident
Scenario

Methanol pool fire radiation distances at jetty
Leak Rate
k/gs

Pool Diameter
m

Distances to Heat Radiation Levels
(kW/m2), m from Centre of Pool
4.7

6.0

14.0

23.0

10 mm hole

2.48

11.3

21.1

19.4

14.4

11.6

50 mm hole

62.0

45.0

39.7

31.3

22.5*

22.5*

*Distance within pool radius as the maximum surface emissive power was less than the specified heat flux
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6

Frequency Analysis

6.1

INTRODUCTION

This section summarises the methodology used to estimate the frequency of the
hazardous events carried forward from the consequence analysis, together with the
results of this analysis. Further details of the frequency analysis are given in
Appendix D.
6.2

ESTIMATION OF LEAK FREQUENCY

6.2.1

Process Plant and Storage

Base leak frequencies were taken from Cox. Lees and Ang (Ref 9), as were ignition
and explosion probabilities. All equipment was assumed to be on -line 100% of the
time. Incident frequencies are summarised in Table 6.1.
Table 6.1

Process plant and storage area event frequencies

Scenario

Natural gas leak

Flow rate
(kg/s)

Base failure Corrected Probability
Event
Event
freq
failure freq of explosion Frequency
(per m/yr)
(per yr)
(after leak) (per year)

62.5

1.50E-07

3.75E-04

0.0900

3.4E-05

Explosion

0.6

3.00E-05

7.50E-03

0.0004

3.0E-06

Not included mass too small

Syngas leak

0.5

1.50E-05

1.20E-02

0.0004

4.8E-06

Explosion

(H2 rich)

2.1

1.50E-06

1.20E-03

0.0084

1.0E-05

Explosion

52.5

1.50E-07

1.20E-04

0.0900

1.1E-05

Explosion

0.5

3.00E-05

2.40E-03

0.0004

9.6E-07

Explosion

Methanol

2.7

1.50E-06

1.50E-03

n/a

4.5E-05

Pool fire

(process area)

10.8

1.50E-06

1.50E-03

n/a

4.5E-05

Pool fire

240

1.50E-07

1.50E-04

n/a

1.2E-05

Pool fire

2.7

3.00E-05

3.00E-03

n/a

9.0E-05

Pool fire

Methanol

0.2

1.50E-05

1.05E-02

n/a

1.1E-04

Pool fire

(to storage area)

0.7

1.50E-05

1.05E-02

n/a

1.1E-04

Pool fire

16

1.50E-06

1.05E-03

n/a

3.2E-05

Pool fire

0.2

3.00E-05

2.10E-03

n/a

2.1E-05

Pool fire

Storage tank fire

1.0E-04

Pool fire

Storage bund fire

5.0E-05

Pool fire
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6.2.2

Methanol Transfer Pipeline

For the pipeline leak scenarios carried forward from consequence analysis, the leak
frequencies were estimated using the data and analysis of Cox et al (Ref 9).
The overall failure frequencies were calculated on an 80 m section of pipeline, since
this is the maximum pool fire consequence distance (Table 5.6) i.e. a person situated
more than 80m from a leak source and fire will not be affected (for the purpose of this
analysis). Calculating the overall failure frequencies on the full 4 km pipe length
would result in a significant overestimation.
Since the pipeline will only be used intermittently (when pumping to a ship at the
wharf) and the leak frequency data from Cox is based on continuous usage, a factor of
0.61 was applied for the use of the pipeline (estimated to be 448 hours per month).
The incident frequencies for the hole sizes postulated are given in Table 6.2 (allowing
for the intermittent pipeline use). More detail is provided in Appendix D.
Table 6.2

Methanol pipeline leak frequencies

Equipment Type

No of Items
in Pipeline

Overall Leak
Frequency
per year (80 m
pipe section)

Hole Size
mm

Base Leak Frequency
per year
(Cox et al)

Valve gland

13

5 x 10-5 per valve

10

6.1 x 10-6

Pipeline flange

13

3 x 10-4 per flange

32

1.2 x 10-4

Instrument fitting

20

1 x 10-4 per fitting

1

1.2 x 10-6

Pipe leak

75

5 x 10-7 per metre

4,000

2.4 x 10-5

Estimation of Fire Incident Frequency
The overall leak frequency by hole size was combined with the probability of ignition
of the release to give the frequency of the flammable events under consideration.
The probability of ignition has been estimated as 0.03 for the 13 and 20 mm leak
scenarios and 0.08 for the 75 mm leak scenarios, using the generic data compiled by
Cox et al. (Ref 9).
Based on the above, the fire incident frequencies are shown below in Table 6.3.
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Table 6.3

Methanol pipeline fire incident frequencies

Equipment Type

6.2.3

Hole Size
mm

Overall Leak
Frequency per year

Ignition
Probability

Fire Incident
Frequency per year

Valve gland

13

6.1 x 10-6

0.03

1.8 x 10-7

Pipeline flange

13

1.2 x 10-4

0.03

3.5 x 10-6

Instrument fitting

20

1.2 x 10-6

0.03

3.7 x 10-8

Pipe rupture

75

2.4 x 10-5

0.08

2.0 x 10-6

Jetty

Base leak frequencies for failures and incidents at the jetty were derived from a
number of sources (detailed in Appendix F). Table 6.4 gives a summary of leak
frequencies.
TABLE 6.4 - Jetty Incident Leak Frequencies
Description

Frequency (pa)

10 mm leak (ship’s deck)- early detection, ESD works

7.2E-05

50 mm leak (wharf) - early detection, ESD works

5.4E-04

50 mm leak (ship’s deck) - early detection, ESD fails

1.13E-07

Full bore release from MLA, ERC fails, ESD works

1.61E-06

Leak from cargo tank (ship’s hull failure)

1.57E-04

The overall fire frequency for a bund fire at the wharf was calculated to be 5.04 x 10-5
p.a.
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7

Risk Assessment

7.1

INTRODUCTION

Risk, in the context of this study, refers to the off-site risk to people and property
arising from the proposal. Risk is a function of the severity of an incident
(consequence) and the likelihood of its occurrence (frequency). The level of risk at
any particular point is a sum of all risks from causes (scenarios) originating from a
facility expressed over a one year period.
The risk from these incidents was analysed using a computer program TNO
RiskCurves that performs a risk summation for a large number of individual points on
a grid pattern around the site. Individual risk contours were then drawn connecting all
locations of equal risk and superimposed on a scale map of the area.
The risk of fatality to an individual was calculated for the following:
• Releases from the methanol process plant and product storage (iso-contours); and
• Release from methanol product pipeline (risk transects).
7.2

RISK GUIDELINES

Individual risk at a given location is generally expressed as the peak individual risk,
defined as the risk of fatality to the most exposed individual located at the position for
24 hours of the day and 365 days in the year. Since residential areas tend to be
occupied by at least one individual all the time, the above definition would easily
apply to residential areas.
A person indoors would receive natural protection from fire radiation and hence the
risk to a person indoors is likely to be lower than to one in open air. In this study, the
individual risk levels have been calculated for a person in open air.
For land uses other than residential areas, (i.e. industrial or commercial) where
occupancy is not 100% of the time, individual risk is still calculated on the same basis.
However, the criteria for acceptability are adjusted for occupancy. Criteria have been
established by the Environmental Protection Authority in Western Australia. The risk
criteria are summarised below in Table 7.1.
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Table 7.1

WA EPA Risk criteria

Land Uses

Maximum Risk
(per year)

Individual Fatality Risk
Sensitive land uses - hospitals, schools, child care facilities, old aged housing

0.5 x 10-6

Residential areas

1 x 10-6

Any commercial activities, including retail centres, offices, showrooms,
restaurants or entertainment centres, in buffer zone between industrial and
residential zones

5 x 10-6

Any non-industrial activities or active open spaces in buffer zone between
industrial and residential zones

10 x 10-6

Boundary of an industrial site (facility generating the risk)
(maximum risk at boundary of the site which generates the risk)

50 x 10-6

Boundary of an industrial site (facility subject to risk)
(maximum cumulative risk imposed by all surrounding facilities)

100 x 10-6

In addition to quantitative criteria, qualitative guidelines are also given to ensure that
offsite risk is prevented and where that is not possible, controlled. For new proposals,
in addition to meeting the quantitative criteria, risk minimisation must be
demonstrated.
Best Practice: new plant should be designed using best practicable engineering deign
and operated using best industry practice management systems
Risk Minimisation: regardless of calculated risk levels and criteria, risks should be
reduced as low as reasonably practicable (ALARP).
7.3

RISK ASSESSMENT RESULTS

7.3.1

Process plant

Individual fatality risk contours are presented in Figure 7.1.
These results show that the plant fully complies with the WA EPA individual fatality
risk criteria, in that:
-6

• The 50 x 10 per year risk contour fully contained within the process plant and

storage areas, hence is well within the site boundary
-6

• The 10 x 10

per year risk contour does not extend further than 80m from the
process plant area and 100m from each methanol storage tank. It is fully contained
within the site boundary, hence does not impact on any non-industrial activities or
land uses.
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Figure 7.1 - Individual risk contour (1 pmpy contour, including two process trains)
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-6

• The 5 x 10

per year risk contour does not extend further than 90m from the
process plant area and 110m from each methanol storage tank. It is fully contained
within the site boundary, hence does not impact on any commercial activities or
land uses.
-6

• The 1 x 10 per year risk contour does not extend further than about 110m from

the process plant area and 120m from each methanol storage tank. It is fully
contained within the site boundary, hence does not impact on any residential
activities or land uses.
-6

• The 0.5 x 10 per year risk contour does not extend further than about 120m from

the process plant area and 130m from each methanol storage tank. It is fully
contained within the site boundary, hence does not impact on any residential
activities or land uses.
-7

• The risk levels at the site boundary are well below 1 x 10 per year, hence will not

impose significant risk on existing or future industries (assuming the existing site
layout with a buffer zone of 50 -100m from process and storage areas to the site
boundary).
7.3.2

Methanol Transfer Pipeline Risk Transect Calculation

The consequence of all identified hazardous incidents resulting from pipeline releases
were combined with the estimated frequencies to assess the risks in terms of their
impacts on surrounding land uses.
For releases from the methanol transfer pipeline, the individual risk of fatality was
calculated at varying distances from the pipeline, to give a transect of risk
perpendicular to the pipeline. The pipeline was nominally divided into two equal
sections (high and low pressure) and transects calculated for each section. These risk
transects are shown in Figure 7.2 and Figure 7.3.
The individual risk posed by the pipeline does not exceed 10 chances of fatality per
million per year for the high or low pressure side (10 x 10 -6 is the maximum allowable
risk for any non-industrial activities or active open spaces in a buffer zone between
industrial and residential zones). The table below summarises the distance to the 5, 1
and 0.5 chance of fatality per million per year (pmpy) for the different pressure
regions of the pipeline.
These results are considered to be adequate given the conservative assumptions made
in the analyses (e.g. release rates maintained at initial rate, pool fires were unconfined,
low heat radiations selected for fatality etc). The pipeline will be laid in a dedicated
pipeline corridor and it is assumed that there are no commercial activities set within
the 5 pmpy distance from the pipeline.
Table 7.2

Pipeline risk transect results

Pipeline Pressure

Approximate Distance to Fatality Risk Levels, m
5 pmpy

1 pmpy

0.5 pmpy

High - 1,470 kPag

17

65

73

Low - 500 kPag

13

55

63
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Fatality Risk (per year)
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Figure 7.2 - Methanol transfer pipeline risk transect - 1,470 kPag
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Figure 7.3 - Methanol transfer pipeline risk transect - 500 kPag
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7.3.3

Jetty

The F-M Curve
For environmental risk assessment, the risk of a methanol spill on water has been
expressed in terms of an F-M curve, where F is the cumulative frequency with which
M or more tonnes of methanol spill on water can occur.
The F-M curve is shown in Figure 7.4.

Cumulative frequency, pa (F)

1.00E-02

1.00E-03

1.00E-04
0.1

1

10

100

1000

10000

Mass of spill, tonnes (M)

Figure 7.4: F-M Curve for methanol spill

Risk of Product Spill on Water
There are no established acceptance criteria for the risk of product spills on water. The
guiding principle is generally that all product spills should be eliminated, or the risk of
a spill reduced to as low as reasonably practicable (ALARP) levels. The consequencefrequency curve for the identified scenarios shows that the frequency of a spill
exceeding 100 tonnes is approximately 1 chance in 5,000 per year. This risk is low.
The critical factors in minimising the spill quantity and likelihood are:
• Activating the ESD as soon as the leak is detected. Operating procedures should

emphasise this aspect in the operator/shore watch training.
• Minimising the potential for a collision, grounding or jetty strike by ensuring

careful manoeuvring of the vessels, as well as minimising the chance of collision at
angles where a structural failure could occur. For tankers, this aspect is outside the
control of Methanex as the tugs would be operated by the Port of Dampier
Authority.
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Fire Risk Assessment
The total fire frequency from a methanol spill on the wharf was calculated as 5 x 10-5
per annum. This frequency is low.
The emergency procedure should call for taking shelter behind the fire shield and
activating the remote firewater/ foam monitors in the event of a fire. This would
reduce the heat radiation distances significantly.
The nearest structure is the shore operator’s cabin. This location should be carefully
considered to ensure that it is outside the 4.7 kW/m2 heat radiation contour for a full
bund fire. Provided the operator stays in the cabin, at least till fire fighting
commences, when the thermal radiation distances would be attenuated by the
water/foam spray, there would be no injury potential.
7.4

SOCIETAL RISK

Societal risk is a measure of the probability of incidents affecting a human population,
and takes into account the number of people exposed to risk. Whereas individual risk
is concerned with the risk of fatality to a (notional) person at a particular location,
societal risk considers the likelihood of actual fatalities among people exposed to the
hazard.
The consequence results presented in Section 5 demonstrate that the effect zones of
the identified incidents (for both the process plant and methanol pipeline), under worst
case wind weather conditions, do not extend to areas of significant population.
As no significant populations outside the site are within the effect zones, the proposal
is not considered to have an impact on societal risk levels.
7.5

CONCLUSIONS

7.5.1

Process Plant and Product Storage

The proposed Methanex site is located in an industrial area well away from residential
areas. The majority of hazardous scenarios are fires or explosions that are essentially
localised within the site.
The following conclusions were made as a result of the hazard analysis study for the
methanol production facility:
2

• on a consequence basis alone, heat radiation of 23 kW/m was contained wholly

within the site;
• the contour for individual risk of fatality at 50 chances in a million per year was

contained within the site; and
• the contours for individual risk of fatality at 0.5 and 1 chances in a million per year

were limited to the site and do not reach the nearest residential areas or other
sensitive land uses.
It can be seen that the risk resulting from the proposed operation of the site will meet
the risk criteria specified in the EPA Criteria.
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7.5.2

Product Pipeline

Overall, the risk along the entire length of the proposed methanol product pipeline will
not exceed the EPA criteria of 10 x 10-6 for non-industrial activities or active open
spaces in a buffer zone between industrial and residential zones. The pipeline will be
laid in a dedicated pipeline corridor and it is not expected that residential areas or
sensitive land uses (such as hospitals, schools or aged care facilities) will be located
within the 1 pmpy or 0.5 pmpy contour distances respectively. It is also assumed that
there are no commercial activities set within the 5 pmpy distance from the pipeline.
These results are considered to be acceptable given the conservative assumption made
in the analyses (e.g. release rates maintained at initial rate, pool fires were unconfined,
low heat radiations selected for fatality etc).
7.5.3

Jetty

Fire incidents at the jetty will be localised in their potential impact on people. The fire
consequence distances would not be expected to impact on public areas, given typical
exclusion zones around the wharf.
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Appendix A

HAZARD IDENTIFICATION
PROCESS PLANT
STORAGE
METHANOL TRANSFER PIPELINE
JETTY
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A1 Hazard Identification Process Plant
BACKGROUND

This section of the appendix contains the Hazard Identification (HAZID) tables for the proposed LCM
Methanol Plant. This aspect of the study was conducted at a high-level to identify incidents that could
have a potential offsite impact. This was done in consultation with the design engineers (Kvaerner)
and with reference to the process flow diagrams.
Hazard identification was undertaken for the following process unit operations:
-

Natural gas feedstock to plant.

-

Desulphurisation and saturation.

-

Reforming and gas heat recovery.

-

Methanol synthesis.

-

Crude methanol processing.

-

Methanol distillation.

-

Methanol product storage.

-

Flash gas system.

-

Air separation unit and oxygen injection.

-

Diesel storage.

The HAZID tables for the product export pipeline and wharf operations are reported in separate
appendices.
The following Methanex documents were consulted in this review:
-

Design document “Power Control Systems”

-

Design document “Control Systems Functional Specification”

-

Process Flow Diagrams (1046-00-F001 to 1046-00-F031, Issue P3)

RESULTS

Based upon the HAZID, the following incidents were carried forward for further review in the
consequence analyses.
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Release of feedstock (stream 100)
natural gas (within site battery
limits)

Vessel R101’s

Exchanger E101

Heater E102

-

-

-

Release of saturator feed (stream
101) from Desulphurisation unit
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2.1

Desulphurisation Unit

1.1

Natural Gas Supply

Hazardous Event

Mechanical impact.

Instrument fittings failure.

Valve, flange failure.

Potential for incident
escalation to plant.

A-3

Jetfire if immediately ignited.
Explosion / flashfire
depending on release
location.

High pressure (48barg)
release of methane.

Potential for incident
escalation to plant (ie
reforming).

Jetfire if immediately ignited.
Explosion / flashfire
depending on release
location.

Flange or fittings failure
on KO Drum (D152).

Mechanical impact.

High pressure (50barg)
release of methane.

Possible Consequences

Valve, flange or fittings
failure on line.

Causes

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Plant ESD is in place.

Design has incorporated
minimal fittings.

As for item 1.1.

As for item 1.1.

Recommendations:

As for item 1.1.

As for item 1.1.
Recommendations:

Assumptions:

Ensure above has been
included in final design.

Recommendations:

Assumptions:

Ensure above has been
included in final design.

NG receival station is
separated away from main
plant (buffer) and is open
(naturally ventilated)

Feed gas isolation valve
(automatic) is located well
away from valve station.

Plant is appropriately
hazardous area classified
(minimize ignition sources)

Recommendations:

Assumptions:

Mitigation

Assumptions:

Prevention

Proposed Safeguards

Yes – review
whether escalation
is possible.

Yes – review
whether escalation
is possible and
jetfire can go
offsite.

Event Carried
Forward

Release of reformed gas (stream
112A) from Gas Heated Reformer
(R102).

3.2
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Release of saturated gas (stream
104) from C101 to R102.

3.1

Reforming Area

Hazardous Event

A-4

Ensure above has been
included in final design.

Recommendations:

Ensure above has been
included in final design.

Recommendations:

Process is monitored by PLC.
All electrical equipment is
appropriately zoned and strict
no smoking policy.

Nozzle/ pipework failure.

Any maintenance work will
be done under a work permit
system. For major work, this
would occur when the plant is
shutdown.

Fire safety study to be
conducted to address issues
related to fire protection
and adequacy of fire
management.

As for item 3.1.

Ensure above has been
included in final design.

Recommendations:

Area is located in open
area and hence gas buildup
is minimal.

Plant ESD is in place.

Pressure relief valve.

Inventory in this plant can
be isolated via process and
isolation valves.

Assumptions:

Mitigation

Mechanical impact.

Ensure above has been
included in final design.

Recommendations:

Separation distances are
based upon previous safety
assessments and
recommendations.

Plant unit operations are well
separated and sited to
minimize gas accumulation.

Assumptions:

Prevention

Proposed Safeguards

Assumptions:

As for item 3.1.

Potential for incident
escalation to plant (ie
methanol synthesis).

Jetfire if immediately ignited.
Explosion / flashfire
depending on release
location.

High pressure (45barg)
release of methane (major
component).

Possible Consequences

Assumptions:

Flange or fittings failure.

Line blockage resistance.

Process upsets (level
controller problems).

Weld failure.

Nozzle/ pipework failure.

Corrosion.

Mechanical impact.

Flange or fittings failure.

Valve failure.

Causes

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Covered in Item
3.1.

Carried forward for
further
consequence
analyses.

Event Carried
Forward

Release of reformed gas (stream
113/114) from Gas Heat Recovery.

3.4

SEH201-T1-001 Rev 0
March 2002

Release of oxygen (stream 108)
from line into secondary reformer
R109.

3.3

Hazardous Event

Thermal stress.

Tube leak or rupture.

Flange and fitting failure
on heat exchanger
network.

Fittings failure.

Failure of LO pipework.

Causes

As for item 3.1.

A-5

Potential for oxygen isopleth
to reach other plant areas.

The potential for ignition of
combustible materials,
especially synthetic materials,
is enhanced when the oxygen
concentration in air is around
40% (cf. normally 21% in
air).

Increased potential for
ignition of combustible
material, e.g. cable runs.

Possible Consequences

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Ensure above has been
included in final design.

Recommendations:

Design has sufficient
temperature control system
for maximum allowable
temperatures in heat
exchangers.

Corrosion is considered to be
minimal due to high process
temperature.

Assumptions:

Heat exchanger design has
factored in tolerances for heat
stress.

Ensure above has been
included in final design.

Recommendations:

Relief to flare header.

Relief valves have been
sized in accordance with
API520.

As for Item 3.1.

Ensure above has been
included in final design.

Recommendations:

Assumptions:

Ensure above has been
included in final design.

Recommendations:

Housekeeping will ensure no
combustible material will be
stored in the plant area.

Degreased tools used for
maintenance in the ASU.

Provision of activation of
emergency shut-off valves
located in plant and control
room.

Personnel will be trained in
Emergency Response Plan.

Cable trays will be armoured
and all combustibles in the
vicinity eliminated.
Synthetic clothing is not
worn by personnel in the
ASU.

Assumptions:

Mitigation

Assumptions:

Prevention

Proposed Safeguards

Covered in Item
3.1.

Carried forward to
determine whether
oxygen plume
reaches other plant
area in terms of
buffer distance.

Event Carried
Forward

Release of HP syngas from Syngas
Compressors unit (stream 200/
201).
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4.1

Methanol Synthesis

Hazardous Event

Line blockage resistance.

Process upsets (level
controller problems).

Weld failure.

Nozzle/ pipework failure.

Corrosion.

Mechanical impact.

Flange or fittings failure.

Valve failure.

Causes

A-6

Potential for incident
escalation to reforming and
distillation area.

Potential for explosion if
delayed ignition. Higher
ignition potential due to
presence of hydrogen.

Jet fire if ignited.

Release of high pressure gas
mixture (predominantly
Hydrogen).

Potential for personnel injury
through exposure to carbon
monoxide.

Possible Consequences

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Ensure above has been
included in final design.

Recommendations:

Any maintenance work will
be done under a work permit
system. For major work, this
would occur when the plant is
shutdown.

Process is monitored by PLC.
All electrical equipment is
appropriately zoned and strict
no smoking policy.

Fixed gas detection provided
around critical plant areas.

Ensure above has been
included in final design.

Recommendations:

Emergency Plan will
include procedures to
safely isolate and shut
plant down.

Fire hydrants provided for
cooling water purposes.

ESD system provided and
critical isolation valves will
be fire rated.

UV (fire) detectors
provided around
compressor.

There will be rotating
equipment monitoring.
Antisurge control system
provided.

Assumptions:

Mitigation

Assumptions:

Prevention

Proposed Safeguards

Escalation
investigated.

Carried forward for
further analyses.

Event Carried
Forward

Release of HP crude methanol
(78barg) from D106 catchpot
(stream 205)

4.3
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Release of TCC (stream 201)
/WCC(stream 202/203) from
conversion reactors R105 and
R107.

4.2

Hazardous Event

Drain valve left open.

Sample valve left open.

As for Item 4.1.

Causes

A-7

Heat radiation effects and
potential for incident
escalation.

Spray of methanol and torch
fire and pool fire if ignited.

As for item 4.1.

Possible Consequences

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Fire hydrants provided for
cooling water purposes.

Regular operator patrol.

Ensure above has been
included in final design.

Recommendations:

Ensure above has been
included in final design.

Recommendations:

Emergency Plan will
include procedures to
safely isolate and shut
plant down.

ESD system provided and
critical isolation valves will
be fire rated.

All electrical equipment in
plant is appropriately
hazardous area zoned.

Drainage (with flame
arrestor) provided to
minimize pool spread.

Assumptions:

As for Item 4.1.

Mitigation

Assumptions:

Ensure above has been
included in final design.

Recommendations:

Any maintenance work will
be done under a work permit
system. For major work, this
would occur when the plant is
shutdown.

Process is monitored by PLC.
All electrical equipment is
appropriately zoned and strict
no smoking policy.

Fixed gas detection provided
around critical plant areas.

Assumptions:

Prevention

Proposed Safeguards

Carried forward for
assessment.

Covered in Item
4.1.

Event Carried
Forward

Release of HP hydrogen (stream
207/ 210) from synthesis systems
(recycle loop, gas to
Desulphurisation unit).

Release of crude methanol (stream
214) from HP Letdown System
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5.1

Crude Methanol Processing

4.4

Hazardous Event

Fittings failure.

Corrosion.

Drain valve left open.

A-8

Heat radiation effects and
potential for incident
escalation.

Release of methanol and pool
fire if ignited.

Potential for explosion within
plant and incident escalation.

Flange failure.

Sample valve left open.

Fire if ignited.

Possible Consequences

Small bore line failure.

Causes

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Ensure above has been
included in final design.

Recommendations:

Regular operator patrol.

No smoking policy.

All electrical equipment is
suitably hazardous area rated.

Ensure above has been
included in final design.

Recommendations:

Drainage in area will
effectively limit the size of
the pool spread.

Firewater hydrant system
provided.

ESD System provided and
area can be isolated.

Fire (UV) detection
provided in plant area.

Plant is well separated and
incident escalation is
minimized.
Mixture is not considered to
be excessively corrosive.

Assumptions:

Ensure above has been
included in final design.

Assumptions:

Ensure above has been
included in final design.

Recommendations:

Maintenance work is done
under a work permit system
and guards will be placed to
protect piping and fittings
from damage.

Recommendations:

ESD system provided and
critical isolation valves will
be fire rated.

Small bore piping has been
minimized in the design.
Where small bore piping is
used, the line is supported
against mechanical impact.

Assumptions:

Mitigation

Assumptions:

Prevention

Proposed Safeguards

Carried forward for
further assessment.

Carried forward for
further assessment.

Event Carried
Forward

Release of LP flash gas (stream
215) from crude methanol
processing.

5.3

Release of methanol from columns,
pumps, lines within MeOH
distillation plant (stream 303).
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6.1

Methanol Distillation

Release of crude methanol (stream
217) from LP Letdown System

5.2

Hazardous Event

Fittings failure.

Pump blockage.

Pump seal failures.

Drain valve left open.

Sample valve left open.

Flange failure.

Valve gland failure.

Fittings failure.

A-9

Heat radiation effects and
potential for incident
escalation.

Pool fire if ignited.

Release of methanol product
and pool formation.

Explosion potential
considered low due to
makeup of flash gas.

Jetfire if ignited.

Release of low-pressure
methane and carbon dioxide.

Ensure above has been
included in final design.

Recommendations:

Process is monitored by PLC.
All electrical equipment is
appropriately zoned and strict
no smoking policy.

Operator patrol.

Assumptions:

As for item 5.1.

Ensure above has been
included in final design.

Recommendations:

Pumps will be on a regular
maintenance schedule.

Rotating equipment
monitoring.

Pump blockage.

Pump seal failures.

As for Item 5.1

Prevention

Ensure above has been
included in final design.

Recommendations:

Fire protection system
provided for critical plant
areas.

Plant is designed to be fail
safe.

Depressurization of
flammable inventories to
flare.

Plant emergency shutdown
(ESD) system.

Fire detection system.

Assumptions:

As for item 5.1.

As for Item 5.1.

Mitigation

Proposed Safeguards

Assumptions:

As for Item 5.1.

Possible Consequences

Drain valve left open.

Sample valve left open.

Causes

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Carried forward for
further assessment.

Considered as part
of Item 5.1.

Considered in Item
5.1.

Event Carried
Forward

Release of fusel oil (MeOH/ H2O
mixture) from Recovery column
C106.

Release of rundown methanol from
MeOH rundown tanks T2A-T2D
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7.1

Methanol Product Storage

6.2

Hazardous Event

Potential for incident
escalation to other storage
tanks.

Flow not stopped when
tank reaches maximum
allowed level.

Corrosion.

Fittings, flange leak.

Tank failures (weeps).

A-10

Pool fire (bund fire) if
ignited.

Failure of level control
system.

Pump seal leak.

Leak of methanol.

Fire potential considered low
due to high water content
(~60%).

Release of fusel oil.

Possible Consequences

Overfill of tank.

As for item 6.1.

Causes

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Ensure above has been
included in final design.

Recommendations:

High level alarm is provided
for all tanks in addition to the
level control system.

Level indicators will be on
the maintenance inspection
schedule.

Maintenance program will
include inspection of tanks
both internally and externally
(as required by AS1940).

Tanks have been well
separated and compound is
placed well away from
process plant.

There will be regular operator
patrols around tank farm to
detect any leaks from tanks or
pipes into bunds.

Tanks are constructed of steel
to API standards.

Assumptions:

Methanol is non corrosive.

As for item 6.1.

Prevention

Ensure above has been
included in final design.

Recommendations:

Emergency plan will cover
tankfarm incidents.

A ring main system with
hydrants will be provided.
Dry chemical fire
extinguishers and fire
hoses will also be
available.

Bund is able to hold the
inventory of the largest
tank.

Tanks are in a bunded
compound.

Assumptions:

As for item 6.1.

Mitigation

Proposed Safeguards

Incident covered in
Item 7.4.

Potential for heat
radiation effects
offsite.

Due to low fire
potential - incident
is not carried
forward.

Event Carried
Forward

Fire in the tankfarm area.

7.4
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8.1

Release of oxygen from ASU

Release of methanol from product
storage tanks.

7.3

Others

Release of crude methanol from T1.

7.2

Hazardous Event

Electrical fire (motor,
switchboard).

Vessel overfilled and
release of LO through
relief valve on storage
vessel.

Combustible debris (oily
rags) left around tank
farm.

Hot work.

Spillage or leak of
methanol and subsequent
ignition.

As for item 7.1

As for item 7.1.

Causes

A-11

An associated release of
oxygen would increase the
intensity of combustion.

Potential escalation to plant
equipment.

Large oxygen cloud.
Increased potential for
ignition of combustible
material. Serious injury to
exposed personnel.

Regular operator patrols.

Potential for incident
escalation.

Ensure above has been
included in final design.

Recommendations:

Level indicator provided on
tank controls LO feed to tank.

Ensure above has been
included in final design.

Recommendations:

There is a safe shutdown
sequence for the turbine
and compressor train.

Oxygen tank is provided
with level indicator and
high level alarm.

Speed control and active
rotating equipment
monitoring on turbine and
compressor.
Plant is hazardous area
classified.

Assumptions:

As for item 7.1.

As for item 7.1.

As for item 7.1.

Mitigation

Assumptions:

Ensure above has been
included in final design.

Recommendations:

All tank maintenance is done
using a work permit hot work
permit system.

No smoking policy and
housekeeping will be
enforced on site.

Assumptions:

As for item 7.1.

As for item 7.1.

Prevention

Proposed Safeguards

Heat radiation effects.

As for item 7.1.

As for item 7.1.

Possible Consequences

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Carried forward to
determine whether
oxygen plume
reaches other plant
area in terms of
buffer distance.

As for item 7.1.

As for item 7.1.

As for item 7.1.

Event Carried
Forward

Release of diesel from emergency
genset.

8.3
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Release of natural gas from gas
turbine.

8.2

Hazardous Event

Pump seal failure.

Spillage or leak of diesel
from fittings and flange
connections.

Corrosion.

Pipework failure.

Nozzle failure - weld
failure.

Causes

A-12

Ensure above has been
included in final design.

Recommendations:

Engine is on the maintenance
schedule.

Ensure above has been
included in final design.

Recommendations:

Fire extinguishers and fire
hydrants will be available.

Spill kit will be provided.

Diesel engine is used only
during emergencies for
backup supply.

Potential for fire if ignited.
Possible contamination of
surrounding area.

Assumptions:

Assumptions:

Ensure above has been
included in final design.

Recommendations:

Turbine (and compressors)
can be locally isolated or
shutdown via ESD.

Spillage of diesel.

Ensure above has been
included in final design.

Recommendations:

Gas turbine has been located
on other side of heat
exchanger network and well
away from processing plant.
Escalation is considered to be
minimal.

Natural gas feed is considered
to be non corrosive.

Natural gas isolation valve
is provided in an accessible
location remote from
turbine area.

Control systems monitor the
natural gas flow.

Explosion/ flashfire if
delayed ignition.
Potential for incident
escalation.

Assumptions:

Mitigation

Assumptions:

Prevention

Proposed Safeguards

Jetfire if ignited.

Possible Consequences

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Not carried forward
- not considered to
have a hazardous
impact offsite.

Escalation potential
considered low.

Not carried forward
- assuming
sufficient isolation
distance provided.

Event Carried
Forward

Release of diesel from above
ground -storage tank.

8.5
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Release of diesel during unloading.

8.4

Hazardous Event

Possible contamination of
surrounding area.

Combustible debris left
around diesel area.

A-13

Bund fire if ignited - potential
for incident escalation to
adjoining plant.

Spillage or leak of diesel
from tank fittings, flange
connections.

Operator error.

Spillage of diesel.

Possible contamination of
surrounding area.

Material is classified as
combustible and not
flammable.

Spillage of diesel. Very low
potential for fire since
flashpoint is high.

Possible Consequences

Hot work.

Operator error.

Tanker driveaway.

(Worn) transfer hose
failure.

Causes

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Ensure above has been
included in final design.

Recommendations:

Operator patrols.

Hot work permit applies on
plant.

No smoking area.

Operator and driver is always
present during unloading.

Diesel storage area is
bunded.

Diesel storage is well
separated from the main plant
and incident escalation is
minimal.

Ensure above has been
included in final design.

Recommendations:

Assumptions:

Ensure above has been
included in final design.

Recommendations:

Assumptions:

Ensure above has been
included in final design.

Recommendations:

Hoses are checked on a
regular basis.

Driver is always present
during unloading and would
quickly isolate flow.

Spill kit will be provided.

Only inducted and trained
diesel delivery drivers will be
permitted on site.
Fire extinguishers and fire
hydrants will be available.

Assumptions:

Mitigation

Assumptions:

Prevention

Proposed Safeguards

Incident carried
forward to check
that sufficient
separation distance
has been provided.

Not carried forward
- not considered to
have a hazardous
impact offsite.

Event Carried
Forward

Loss of plant control systems.

8.7
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Release of sodium hydroxide and
caustic from chemical storage.

8.6

Hazardous Event

Potential for operator injury.

Cold temperature leading
to line freezing.

Power failure

Localized incident.

Handling error.

A-14

Potential for fire and/ or
explosion if ignited.

In the worst case, loss of
process materials to
atmosphere.

No fire hazard

Leak of caustic and spillage.

Possible Consequences

Pump seal failure.

Causes

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Chemical storages will be
bunded.
Recommendations:
Ensure above has been
included in final design.

Line size has been sized to
prevent freezing.
Regular operator patrol.
Maintenance schedule to
include all pumps and rotating
equipment.

Ensure above has been
included in final design.

Recommendations:

Alarm control systems have
been configured for 4
operational states (normal,
trip, shutdown and startup).

Plant has a backup emergency
supply and UPS.

Ensure above has been
included in final design.

Recommendations:

All critical solenoids are
dual redundant.

Emergency air accumulator
provided to actuate valves
required for a safe
shutdown.

Critical systems required
for a safe shutdown are on
the emergency power
system.

Plant has backup diesel
emergency power supply.

Critical process control
systems and interlocks are fail
safe.
ESD systems are hardwired,
2oo3 and each input is
powered by separate power
supplies.

Assumptions:

Assumptions:

Ensure above has been
included in final design.

Recommendations:

Assumptions:

Mitigation

Assumptions:

Prevention

Proposed Safeguards

This incident is
covered implicitly
in release scenarios
for individual
process units.

Not carried forward
- no hazardous
impact offsite.

Event Carried
Forward

Leak of oil from transformer.
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8.8

Hazardous Event

Equipment failure.

Causes

A-15

Potential ignition source on
site.

Ignition and in the worst case,
fire.

Possible Consequences

TABLE A1 HAZARD IDENTIFICATION TABLE - PROCESS PLANT

Ensure above has been
included in final design.

Ensure above has been
included in final design.

Recommendations:

Bunding is provided
around the transformers
and hence pool fires are
limited in size.

Transformers units are well
separated from the process
plant. These are located
upwind from the prevailing
wind direction.
Recommendations:

Assumptions:

Mitigation

Assumptions:

Prevention

Proposed Safeguards

Not carried forward
- sufficient
safeguards
provided.

Event Carried
Forward

A2 Hazard Identification - Methanol Transfer Pipeline
The following documents, drawings and P&IDs were reviewed for the Hazard Identification of the methanol
transfer pipeline between the methanol plant boundary and the point of entry onto the wharf.
P&ID/ Document No

Revision

Title

147-C-7075
REP-00-A-0002 REV 0

0

BDEP for Outside Fence Facilities (report by Clough
Engineering and Integrated Solutions)

DWG-00-A-0010

0

Pipeline Profile

DWG-00-A-0011

0

Pipeline Plan & Profile

DWG-00-A-0012

0

Pipeline Plan & Profile

DWG-00-A-0013

0

Pipeline Plan & Profile

DWG-20-C-008

0

Pipeline General Arrangement

DWG-24-C-0011

0

Burrup Road Crossing

DWG-25-S-0012

0

Pipe Bridge Woodside Road Haul

DWG-24-C-0013

0

Mof Road Crossing

DWG-00-C -0027

0

Security Fencing Details

DWG-00-BF-0001

0

Methanol Metering and Loading

DWG-00-BP-0001

0

Methanol Loading Pumps

DWG-00-BP-0002

0

Plant Metering

DWG-00-BP-0005

0

Wharf Metering

DWG-00-BP-0006

0

Loading Arms and Inert Gas Systems
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(a) design/ construction/
installation/ maintenance
fault

1. Release of methanol
from transfer pipeline, or
at valve, flange or fitting
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Causes

Hazardous Event

(ii) liquid spray release from
small hole under pressure spray fire if ignited

(i) liquid release and pool fire
if ignited. Escalation to
adjacent pipelines/ structures

Possible Consequences

low pressure in transfer pipeline detected
high pressure at loading arm detected
power or instrument air is lost

•
•
•

A-19

Above ground pipeline is insulated and metal clad - hence
spray release would be contained and converted to a
release as in (a) above (same for under ground pipe
sections)

At the wharf onshore compound, a methanol specific foam
fire fighting system will be installed, complete with
discharge monitors

In designated hazardous areas all electrical signals will be
intrinsically safe or connected to equipment via junction
boxes with explosion protection

emergency shutdown button is activated

•

Pipeline transfer is automatically shutdown and pipeline
isolated at both ends by pneumatic, slow closing
shutdown valves if:

Pipeline leak detection between the plant and wharf will
be installed using flow reconciliation

Pipeline will be designed, fabricated and tested in
accordance with AS 2885.1 and AS 2885.2

Prevention/ Mitigation Measures

TABLE A2:HAZARD IDENTIFICATION TABLE - METHANOL TRANSFER PIPELINE

3. Develop emergency response
procedures for methanol leak and
fire along the length of the pipeline

2. Automatic shutdown of pipeline
transfer should be built into the
design if the difference in flow
measurements at the plant and
wharf exceeds the instruments’
accuracy range.

1. Engineering quality control and
checking system to be set up to
ensure pipeline installation is to
required Standards

Recommendations

Carried forward for consequence
analysis and assessment of
escalation potential

Conclusions/ Recommendations
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Hazardous Event

Possible Consequences
As above

As above

Causes

(b) corrosion

(c) overpressure

pipeline shutdown and control valves will be
designed to be slow closing

•

A-20

A comprehensive surge analysis is to be carried out prior
to completion of the final design and recommendations
incorporated

pressure surge relief valves located in the wharf
onshore area and draining to a dedicated drainage
receiver vessel

•

Unacceptable pressure surges in the pipeline will be
prevented by:

Pipeline above ground will be insulated and clad to reduce
solar heating of pipeline and pressurisation

A pressure transmitter will be installed at the approximate
halfway point of the pipeline and connected to the plant
DCS system for monitoring purposes

High pressure at a methanol loading pump will shut down
the pump and close the methanol storage tank outlet valve

Maximum pump discharge pressure will not exceed
design pressure of downstream piping

Not carried forward

6. Corrosion monitoring program
should be set up for both above
and underground pipe sections

5. Plant procedures to ensure
contaminated (corrosive) product
not to be pumped through pipeline

Recommendations

Pipeline has a substantial (3 mm) corrosion allowance
with a 7.9 mm wall thickness
Above ground pipe sections are insulated with rockwool
and metal cladding; below ground sections (2 road
crossings) will be coated and wrapped and fitted with
cathodic protection

Not carried forward

Conclusions/ Recommendations

Methanol is a non-corrosive fluid in carbon steel

Prevention/ Mitigation Measures

TABLE A2:HAZARD IDENTIFICATION TABLE - METHANOL TRANSFER PIPELINE
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Hazardous Event

Possible Consequences
As above

As above

Causes

(d) third party
interference/ pipeline
impact from future
construction or
maintenance

(e) soil subsidence/
erosion

A-21

The above ground pipe will rest on concrete sleepers (steel
trusses for pipebridge), which will be suitably anchored to
the ground. It is assumed that a suitable geotechnical
safety factor will be used in developing the anchorage
capacity of any insitu rock

A large part of the route will be prepared by making cuts
into rock - any fill areas will be properly engineered and
constructed

The service corridor for the pipeline will be prepared and
profiled to suitable grades prior to pipeline installation

Pumping pressure is low (approx. 1,500 kPag maximum).
Tensile to hoop stress ratio is high and hence probability
of pipe rupture is low

The pipeline is 750 mm diameter and 7.9 mm wall
thickness - thus minor impacts would be unlikely to
produce a hole in the pipe

Underground pipe sections will be housed in protective
galvanised corrugated steel sleeves and buried at least 1.2
m below the roadways. The sleeves will be fully vented.

Safety barriers will be installed to protect the above
ground pipe where vehicular impact could occur e.g.
alongside Village Road, at the Burrup Road crossing and
other access roads.

Recommendations

Above ground sections of pipeline will be fenced off from
public access by a 1.8 m high chainwire fencing topped
with barbed wire

11. Ensure that all pipeline
supports and anchorages are
designed to withstand the high
winds and cyclonic conditions that
can occur in the area

Recommendations

Not carried forward

10.Ensure that there are safety
procedures for maintenance or
construction work carried out in or
near the pipeline services corridor

9. Appropriate warning signs to the
public should be placed along the
pipe route, including the
underground sections

8. A height limit warning sign
should be displayed for vehicles at
the Woodside Haul Road pipe
bridge crossing

7. Safety Barriers should be
installed at Mof Road crossing and
at the Woodside Haul Road
crossing (to protect the pipe bridge
supports adjacent the road in the
latter case)

Carried forward for consequence
analysis

Conclusions/ Recommendations

The whole of the pipeline route between the plant and the
wharf will be in a designated services corridor

Prevention/ Mitigation Measures

TABLE A2:HAZARD IDENTIFICATION TABLE - METHANOL TRANSFER PIPELINE

A3 Hazard Identification - Jetty
This section of the Appendix contains the Hazard Identification (HAZID) tables for the jetty
operations.
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3. Failure of MLA,
flanges/ fittings on jetty

Bund Fire on Jetty

2. Failure of flanged or
swivel joints on MLA

1. Shear and full rupture
of MLA

failure of mooring
line(s)

•

As above

Overpressure of MLA

Material or mechanical
failure of MLA

Failure of over-reach
shutdown system

failure to secure ship
properly at jetty

cyclones

wind, waves and
tides

•

•

•

Excessive movement of
ship due to

Causes

Methanol spill in bunded area
on jetty. Pool fire if ignited

Small methanol release
(10mm equivalent hole size)
an spill into water

Major methanol release an
spill into water

Possible Consequences

A-23

Spill quantity would be low, given the shutdown systems
and procedures and hence fire duration would be short

No smoking policy enforced on the ship deck / manifold
area and smoking only in designated locations

Ignition probability low as jetty is a Zone 1 area and
electrical equipment designed for this classification

As above

MLA designed for pump discharge maximum pressure of
1,500 kPag - pressure at MLA would be less than 1,000
kPag

Schedule for regular inspection and maintenance of MLA

Wind monitoring and high wind speed alarm, with
procedure to shutdown and disconnect arm

Early warning system for cyclones

ESD can be operated manually

Operator training and awareness

Trip testing of shutdown trips before each transfer

Fire water monitors with foam
injection capability should be
provided on jetty, with sheltered
location

Carried forward for further
analysis

Carried forward for further
analysis

Environmental hazard, not a safety
hazard

Carried forward for further
analysis

ERC to release MLA and shut valves either side of
coupling
Testing of over-reach alarm/ ESD before each transfer

Environmental hazard, not a safety
hazard

Conclusions/ Recommendations

Two tier alarm/ ESD system on MLA to protect against
excessive movement (slew and luff)

Prevention/ Mitigation Measures

HAZARD IDENTIFICATION TABLE - JETTY OPERATIONS

Methanol Spill on Water

Hazardous Event

TABLE A3:
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7. Explosion in ship cargo
tank

Cargo Tank Explosion

6. Fire in the ship cargo
tank

Cargo Tank Fire

5. Structural failure of
tanker hull

Ship Hull Failure

Failure of inert gas system
and ingress of air

Escalation following
pump room or engine
room fire

Heat radiation impact of
onshore fire

Failure of inert gas system
an ignition of vapour
above liquid

Cargo tank fire

Grounding

Collision between the
ship and jetty head, tug,
or other vessel

Material or mechanical
failure

Causes

Structural damage to ship and
onshore facilities

Escalation between cargo
tanks and structural failure,
releasing cargo into water

Release of cargo into water

Methanol spill on deck. Pool
fire if ignited (10mm and
50mm equivalent hole size)

Possible Consequences

A-24

Control of ignition sources on deck

Procedure to shut down transfer process and take remedial
action following fault detection in inert gas system

Alarms on gas scrubber operation

Oxygen and temperature alarms on inert gas system

(Foam) fire extinguishing systems (if installed) used for
the deck surface over the cargo tanks, engine room and
pump room

Procedures in place to ensure that no vessel leaves the
jetty whenever a tanker is being manoeuvred to the berth

Unlikely two tankers would be in transit at the wharf
simultaneously

Tanker manoeuvring speed is low

Firefighting facilities are provided on the jetty

ESD system can be operated if a leak is detected, to
minimise the leak quantity

Constant watch during transfers by tanker crew and shore
operator

Prevention/ Mitigation Measures

HAZARD IDENTIFICATION TABLE - JETTY OPERATIONS

4. Failure of flanges and
equipment on the tanker’s
deck

Fire on Ship’s Deck

Hazardous Event

TABLE A3:

Not carried forward due to low
potential for explosion

Not carried forward for further
analysis (vessel details not known)

Collision, grounding and jetty
strike carried forward for further
analysis

Environmental hazard, not a safety
hazard

Carried forward for further
analysis

Conclusions/ Recommendations

Appendix B

STUDY ASSUMPTIONS
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Study Assumptions
The general assumptions made to prepare the QRA are summarised in this section.
PROCESS PLANT
Plant Layout and Design

1.

The separation distances suggested in the Layout Study (Ref ) are complied with. This should reduce the
likelihood of event escalation to very low levels.

2.

Hazardous area classifications will apply to reduce likelihood of ignition

Management Systems

1.

A Safety Management System (SMS) will exist on the site.

2.

The SMS will include key elements such as Control of Modifications / Change Management Procedures, a
Permit to Work system, Operator Training, Operating and Maintenance procedures, Preventative
Maintenance Programmes, Emergency Response Procedures

Consequence Assessment

Also refer to Appendix C for further details.
1.

2.

All scenarios were consolidated into 4 basic groups:
−

natural gas releases

−

syngas releases

−

methanol releases in process plant area

−

methanol releases in storage area

Natural gas releases were modelled as 100% methane and syngas release as 100% hydrogen

Failure Frequencies

1.

Pipeline and flange failure frequencies were taken from Cox, Lees and Ang (Ref 9)

2.

The average pipeline diameter was assumed to be 100mm.

3.

Pipeline lengths were estimated by scaling off the layout drawing and multiplying by a factor of 5 to
account for elevation changes and changes in pipe direction through equipment items etc

4.

The number of joints was estimated by assuming 2 joints per section, with a section assumed to be 10m in
length.

5.

Ignition probabilities were taken from Cox, Lees and Ang (Ref 9)
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METHANOL PIPELINE
Consequence Assessment

Also refer to Appendix G, F for further details.
1.

The methanol pool fire burning rate is 0.017 kg/m2.s

2.

There are no evaporation or drainage effects associated with the pool fires of methanol

3.

6, 10, 14 kW/m2 correspond to 10%, 50%, 100% fatality probabilities for pool fire exposures.

Failure Frequencies

1.

Pipeline, instrument fitting, valve and flange failure frequencies and ignition probabilities were taken from
Cox, Lees and Ang (Ref 9).

2.

Pipeline failure frequency for a 75 mm hole in a 750 mm diameter pipe is one order of magnitude lower
than given by Cox et al for a 300 mm pipe.

3.

Usage of the pipeline was estimated at 448 hours per month (average) and failure frequencies reduced
accordingly.

4.

Overall failure frequencies were assessed for a 80 m length of pipeline (maximum consequence distance).
The numbers of valves, flanges etc present in the 80 m length was proportioned from the total number of
items in the total pipeline length.
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Appendix C

CONSEQUENCE ANALYSIS
(PLANT AND PIPELINE)

SEH201-T1-001 Rev 0
March 2002

Consequence Analysis (Plant and Pipeline)
INTRODUCTION

This appendix outlines the methodology used for hazard consequence analysis, and the software packages
used for the various hazardous scenarios.
Three types of software were used in this study for consequence analysis:
(a)

TNO EFFECTS software package (Ref.1) comprises a number of fire, explosion and dispersion
models for accidental releases of hazardous materials.

(b)

FRED (Fire Release Explosion and Dispersion), a Proprietary package of Shell Global Solutions,
with main focus on hydrocarbons. This program includes models developed by Shell Thornton
Research Centre, TNO and others, and the results it produces are comparable to other packages
(SAFETI etc.).

(c)

In-house developed program for pool fires with built-in experimental burning rates of flammable
liquids (including methanol).

All models within EFFECTS are fully detailed in the Yellow Book (Ref.2). Therefore, a brief summary of
the basis of the models used is provided only, together with the values adopted for any coefficients or
special input values required.
One of the features of TNO EFFECTS is the ability to link the various models. The automatic transfer of
output data from one model to input data for another model is enabled by running the models
consecutively.
RELEASE SCENARIOS

Only credible failure scenarios were considered in the Formal Safety Assessment (FSA).
These scenarios also took into consideration the frequency of occurrence (including probability of early
detection) and the severity of the consequences.
The following scenarios were found to be applicable to the Methanex facility.
(a)

Small leaks from flange joints. A 10 mm equivalent size was assumed.

(b)

Leaks from valve glands. The representative hole size was 10 mm. This was independent of the
valve size.

(c)

Instrument fittings (20 mm equivalent).

(d)

Pump seal failures. For calculation purposes, an equivalent hole size of 10 mm diameter was
assumed.

(e)

Full bore failures of pipework from dropped objects, escalation from flame impingement from
small fires, and pipe failures from ruptures. A hole size of 100mm was assumed to be
representative of pipe rupture.
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RELEASE RATES
Gas Release

The rate of discharge of gas from a pipe or vessel under pressure through an orifice increases as a
function of the pressure gradient until the sonic velocity is reached in the orifice. For ideal gas behaviour
and reversible adiabatic expansion, this is described as the critical flow condition. It is noted that as the
inventory decreases, so does the pressure and the discharge flow rate. In order to keep the risk analysis
conservative, it is usually acceptable to use the initial discharge rate for the duration of the discharge.
The rate of gas discharge through an orifice is calculated using the Bernoulli equation as shown below. .
For ideal gas behaviour and reversible adiabatic expansion, this is described as the critical flow condition.
The flow is critical i.e. sonic or choked when:

æ 2 ö
áç
÷
è1 + γ ø

Pa
Pi

γ
γ −1

(Typically where P1 > 200 kPa abs)
Where Pa = atmospheric pressure (Pa)
Pi = upstream pressure (Pa)
γ

= ratio of specific heats

The following formula is used to calculate the release of gas at sonic velocity:
γ +1

m = YCDAPi

Mγ æ 2 ö γ −1
ç
÷
ZRT 1 è γ + 1ø

Where m = gas mass flow rate (kg/s)
CD = discharge coefficient
A = orifice area (m2)
Pi = upstream pressure (Pa)
M = molecular weight
Z = compressibility factor
T1 = gas temperature (K)
R = gas constant (8313 J/kmol K)
Y = outflow coefficient (for critical flow Y = 1)
For sub-critical discharge, the following equation is used to calculate the outflow coefficient:
1
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In this analysis, all gas releases have been modelled using the TNO EFFECTS “gas released through hole
in vessel” Bernoulli model. In order to provide a conservative result, and in the absence of detailed
information on process inventories, a continuous gas release at the predicted initial discharge rate has
been carried forward to the atmospheric dispersion and fire modelling. Therefore, an arbitrary value of
100 m3 was assumed for the vessel volume.
A discharge coefficient (CD) of 0.8 was used in these calculations.
Methane was used for the release rate modelling of the natural gas since it is the major component
(greater than 98%).
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Liquid Release

The rate of liquid discharge through an orifice is calculated using the Bernoulli equation.
A discharge coefficient (CD) of 0.8 was used in these calculations.

m = C D ρ LA

ö
æ ∆P
2ç
+ gh÷
ø
è ρL

Where m = mass liquid flow rate (kg/s)
CD = discharge coefficient (= 0.8)
A = cross section of leak path (m2)
ρL = liquid density (kg/m3)
∆P = pressure difference (Pa)
g = acceleration due to gravity (9.81 m/s2)
h = static head of liquid (m)
The cross-section area of the leak is characterised by an equivalent round hole to calculate the
corresponding leak rate.
JET FIRES

The Shell Company program, FRED 2.3, is based on an extension of the Chamberlain model (Ref.3)
developed by Johnson et al (Ref.4) from tests with horizontal jet flames. It includes the effect of
buoyancy lifting the flame above the horizontal, and the effect of wind momentum. Horizontal jet fires
were modelled since this would provide the largest heat radiation footprint.
None of the computer models available for modelling jet fires are directly suitable for hydrogen rich gas
fires, since they have all been based on experiments with natural gas or LPG hydrocarbons.
In this work, methane jet fires have been used to model hydrogen rich gas jet fires, using the same mass
flow for the release. This will give a conservative result because methane has a higher heat of combustion
compared with synthesis gas.
POOLFIRES

Halliburton KBR (formerly Granherne) has developed an in-house computer program POOLFIRE for use
in hazard analysis. The program is able model poolfires, bund fires and tank roof fires. The program is
written in Microsoft Fortran for PC use.
The main features of the program are:
−

it uses a solid flame model and geometric view factors;

−

incorporates flame tilt from wind effects;

−

contains a wide range of pure substances (flammable and combustible), as well as mixed
hydrocarbon fuels (LGO, kerosene, stabilised crude oil);

−

incorporates available experimental data on burning rates for the different substances, rather than the
assumption of standard rate of loss of pool depth used in simple models;

−

accesses a built-in physical property data base to obtain all relevant physical properties of the specific
material in question (density, viscosity, flammability limits, heat of combustion etc.);

−

accounts for the variation of flame surface emissive power (surface heat flux) as a function of the
combustion characteristic of the fuel, as well as the pool diameter. The larger the diameter, the
smaller the surface emissive power;
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−

accounts for shielding effect of tank wall for a receiver at ground level, in the case of tank roof fires
or elevated fires; and

−

uses a first-order convergence algorithm to iteratively calculate the distance to specified heat
radiation level.

The principal source of data for this program is the comprehensive work of Mudan (1984), Yamaguchi
and Wakasa (1986) and Babrauskas (1986). The correlations given by Croker and Napier (1986) and
Mudan (1984) were used for view factor correlations.
Each stage of the computer program development has been extensively checked in accordance with
internal procedures for quality assurance. This included comparing intermediate calculations with those
obtained by hand calculations.
The computer program has been cross-checked against the Shell Company proprietary program FRED,
and found to give consistent results.
For bund fires, if the heat radiation distance is given as the same as the pool radius it means one of two
things:
−

the surface heat flux is less than the required heat flux specified, and hence the specified heat flux
would be within the burning pool itself; or

−

the required heat flux lies very close to the edge of the pool (within 0.5 m), which is the accuracy of
the program used.

EFFECTS OF HEAT RADIATION

The effect of heat radiation from fires, expressed as the degree of pain, injury or in the extreme case
fatality, varies from person to person and depends on both the intensity of the heat radiation and the
duration of exposure. Heat radiation also affects steel structures by lowering its strength on increase in
temperature. The effects of heat radiation given in HIPAP No.4 (Ref.5) are summarised in Table C1.
Table C1

Effects from heat radiation

Heat Radiation
(kW/m2)

Effect

1.2

Received from the sun at noon in summer.

4.7

Will cause pain in 15-30 seconds and second degree burns after 30 seconds.

12.6

Significant chance of fatality for extended exposure. High chance of injury.
Causes the temperature of wood to rise to a point where it can be ignited by a naked flame
after long exposure.
Thin steel with insulation on the side away from the fire may reach a thermal stress level
high enough to cause structural failure.

23.0

Likely fatality for extended exposure and chance of fatality for instantaneous exposure.
Spontaneous ignition of wood after long exposure.
Unprotected steel will reach thermal stress temperatures, which can cause failure.
Pressure vessels require relief to prevent failure.

35.0

Cellulose material will pilot ignite within 1 minute’s exposure.
Significant chance of fatality for people exposed instantaneously.
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The relationship between heat radiation and probability of fatality used in this study for jet fires is given
in Table C2.
Table C2

Heat radiation/ fatality relationship used

Heat Radiation (kW/m2)

Probability of fatality

6

10 %

10

50 %

14

100 %

VAPOUR CLOUD EXPLOSIONS

Two different methods were used to calculate the consequences of a gas cloud explosion depending on
the composition of the gas involved. This is because vapour clouds containing more than 50% by volume
of hydrogen are somewhat unusual and require separate treatment. This applies to reformed gas and
reducing gas systems.
Hydrogen Rich Gas

Gas explosions involving hydrogen rich gases such as reformed gas, reducing gas and recycle gas were
modelled following the method of Hawksley (Ref.6).
The considerations that distinguish hydrogen rich gases from hydrocarbon gases and vapours are, on the
one hand:
−

hydrogen has a wide flammable range and a high flame velocity and unconfined explosions can
occur with significantly smaller quantities than most hydrocarbon gases, and

−

hydrogen has a high heat of combustion so that kilogram for kilogram it would seem to present a
higher explosion hazard.

However, on the other hand:
−

hydrogen ignites very readily so that an escape of hydrogen rich gas is less likely to give rise to a
large cloud before ignition occurs, and

−

being much lighter than air, its buoyancy promotes dispersion.

After examining a number of methods for estimating the quantity of gas in an explosive cloud and the
consequences of explosions, and comparing these with published actual incidents, Hawksley (Ref.6)
recommended the following method:
Estimation of Cloud Size
Based on comparisons with a number of models, Hawksley showed that the best estimate of the size of
the flammable cloud involved in the explosion is the quantity of gas discharged from the leak in the first
10 seconds. This reflects the very short ignition delays experienced with hydrogen rich gas clouds.
For this study, the mass was estimated from the leak rate over 20 seconds, to provide a degree of
conservatism.
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Calculation of Explosion Effects
Because of the high flame velocity of hydrogen compared with hydrocarbons and the degree of
congestion within the plant, a hydrogen gas explosion is expected to behave more like a condensed phase
explosion than a hydrocarbon gas cloud explosion. This is borne out by experience with gas explosions in
hydrogen compressor skids.
Hawksley correlated the blast effects of gas cloud explosions with hydrogen rich gases using the TNT
equivalence method described by the IChemE (Ref.7).
An efficiency factor of 0.04 and a heat of combustion of 120220 kj/kg was used in the calculation.
Validation
The Hawksley method has been developed from and validated against five actual explosion incidents that
occurred with hydrogen rich gases. In these ignition occurred between 4 and 26 seconds after discharge
and the amount of gas involved in the explosion varied from 70 to 500 kg.
Natural Gas

Estimation of Cloud Size
In contrast to hydrogen rich gases, longer ignition delay was assumed for a flammable cloud of natural
gas. The gas cloud was assumed to have reached equilibrium between the rate of release and the rate of
dispersion. A number of computer models are available for estimating the size of the flammable gas cloud
involved in the explosion, which is estimated from the release rate and rate of gas dispersion.
TNO Effects was used for this calculation. The model relevant to natural gas releases is the turbulent free
jet dispersion model. The model uses the leak rate and wind velocity to calculate the shape of the
resulting jet of flammable gas, the distance to Lower Flammability Limit (LFL), and the mass of gas
contained in the cloud between upper and lower flammability limits.
The TNO Multi-Energy Method for Explosions was used to calculate natural gas explosion effects.

E = mass × Hc ×
Where E =

eff
conc

energy released (MJ)

mass = mass in confinement (kg)
Hc =

heat of combustion (MJ/m3)

conc. = concentration of hydrocarbons in air (0.1 kg/m3)
eff =

efficiency of the explosion (15-40 %)

For modelling, the efficiency of explosion was conservatively taken as 40 %.

The energy scaled distance is calculated from the following formula:
1

æ Po ö 3
R = x×ç ÷
è Eø
Where R = energy scaled distance
x = distance at which to calculate overpressure
Po = ambient pressure (Pa)
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The energy scaled distance is then related to the overpressure by one of ten curves (see Yellow Book,
Ref 2). Each curve represent a degree of confinement. Curve No.7 has been used as a conservative
measure. This is representative of a relatively congested process plant.
Effects of Explosion Overpressure

The effects of explosion overpressure are reproduced from HIPAP No. 6 (Ref.8) in Table C3.
Table C3

Effects of explosion overpressure

Explosion Overpressure
3.5 kPa

Effect
90 % glass breakage
No fatality and very low probability of injury

7 kPa

Damage to internal partitions and joinery, but can be repaired
Probability of injury is 10 %.
No fatality

14 kPa

House inhabitable and badly cracked

21 kPa

Reinforced structures distort
Storage tanks fail
20 % chance of fatality to a person in a building

35 kPa

House inhabitable
Wagons and plant items overturned
Threshold of eardrum damage
50 % chance of fatality for a person in a building and 15 % chance of fatality for
a person in the open

The relationship between overpressure and probability of fatality used in this study is given in Table C4.
Table C4

Overpressure/ fatality relationship used

Explosion overpressure

Probability of fatality

7 kPa

10 %

14 kPa

50 %

35 kPa

100 %

TOXIC EFFECTS

The syngas stream contains significant amounts of carbon monoxide, which is a toxic gas. Carbon
monoxide is readily absorbed in the blood to form carboxy haemoglobin, resulting in fatality at sufficient
concentrations and duration of exposure.
It has been assumed that in the event of a significant process stream leak (50 mm hole size), the plant will
be shutdown and inventories significantly depressurised to the flare within a 15 minute period.
This is based on the normal requirement for emergency depressurisation of hazardous inventories i.e.
depressurisation to a pressure of 6.9 bar within 15 minutes (Ref.9). However, as carbon monoxide is an
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odourless gas which is not easily detected, then it can also be assumed that any persons exposed offsite
will not be immediately alerted to its presence and attempt to get themselves clear of the area. Therefore
an exposure time of 30 minutes has been selected (i.e. double the expected maximum release duration).
The concentrations of carbon monoxide corresponding to various fatality probabilities have been derived
for a 30 minute exposure time.
In this study, the probit equation used for the calculations was taken from the CPR “Green Book”
(Ref.10) and is as follows:
Pr = -7.4 + ln (C. t)
Where

Pr = Probit value
C = carbon monoxide concentration (mg/m3) and
t = exposure time in minutes

The probit values corresponding to each fatality percentage of interest were also taken from the “Green
Book" and these are given in Table C5, together with the concentrations derived for a 30 minute
exposure time.
Table C5

Carbon monoxide threshold concentrations used

Fatality Probability
(%)

Probit Value

CO Concentration
(mg/m3)

CO Concentration
(vol%)

90

6.30

29,697

2.5

50

5.00

8,093

0.67

10

3.72

2,250

0.19

1

2.67

788

0.07

As discussed above, methane was used for the release rate modelling of the synthesis gas because it is
similar in density to these gases. In order to model the dispersion of carbon monoxide, the release rate of
carbon monoxide was calculated based on the mass fraction of carbon monoxide in the stream and the
mass release rate as predicted for a methane release. The release hole size was then adjusted to give the
required mass release rate of carbon monoxide.
Dispersion of the carbon monoxide was then modelled using the Shell Engineering program FRED.
Since the focus of the PRA is to assess offsite impacts for public risk, if the CO concentration at the
boundary did not reach lethal levels, the incident was not further carried forward for calculating the risk
contours.
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CONSEQUENCE ANALYSIS RESULTS
1. Process Plant and Methanol Storage

a Scenarios
Event Category

Hole size
(mm)

Leak rate
(kg/s)

Mass in event
(kg)

Comments

Natural gas leak

10
20
100

0.6
2.5
62.5

0.12
0.9
120

Flashfire/explosion
Assume 100% CH4
Mass in event from Effects

Syngas leak

10
20
100

0.5
2.1
52.5

10
42
1050

Flashfire/explosion
Assume 100% H2
Mass in event from 20sec leak

Methanol leak process area

10
20
100

2.7
10.8
240

n/a

Pool fire

Methanol leak
storage area piping

10
20
100

0.2
0.7
16

n/a

Pool fire

b Pool fire Results
Event Category

Description

Distance to (m):
2

2

Pool fire diameter
2

14 kW/m

10 kW/m

6 kW/m

(m)

Methanol leak process area

2.7 kg/s
10.8 kg/s
240 kg/s

17.6
23.3
67.7

19.5
27.5
81.4

22.5
33.8
103

14
28
136

Methanol leak
storage area piping

0.2 kg/s
0.7 kg/s
16 kg/s

7.5
11.7
24.8

8
12.7
30.3

9.2
14.6
33.7

4
8
35

Methanol storage tank fire

Tank diam = 70m
Tank height = 10m

35

40

55.2

70

Methanol storage tank fire

Bund 130x x130m

74

87

110

147
(equiv diameter)

c

Explosion overpressure distances table
Area

Event category

Distance to (m):

Comments

34kPa

14kPa

7kPa

Natural gas leak

0.6 kg/s
2.5 kg/s
62.5 kg/s

28.7

49.8

83.8

Mass too small
Mass too small
TNO explosion model

Syngas leak

0.5 kg/s
2.1 kg/s
52.5 kg/s

13.5
21.7
63.5

29
38.5
112

38.4
61.8
181

TNT explosion model
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d Jetfires
The Layout Study for the project (Ref 8 of main report) estimates jetfire distances of up to 20m for release rates up to
4kg/s. These will be fully contained within the site boundary and have not been included in the QRA.
Assuming that the layout complies with separation distances recommended in the Layout Study, knock-on effects are
though to be unlikely.

e

Jetfire

Modelling completed in the Layout Study

f

CO Dispersion Table

The table below provides the length and width of CO plumes for the specified wind/ weather classes, hole
sizes and concentrations.

F1.5
Hole
Size

CO Flow
Rate

90% Fatality

50% Fatality

10% Fatality

1% Fatality

29,679ppm

8,093ppm

2,250ppm

788ppm

(mm)

(kg/s)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

10

0.25

1.2

0.2

3.7

0.7

5

3

21

6

20

1

2

0.4

7

1.5

8

4

42

10

100

25

13

3.5

87

20

1340

65

2703

90

B3
Hole
Size

CO Flow
Rate

90% Fatality

50% Fatality

10% Fatality

1% Fatality

29,679ppm

8,093ppm

2,250ppm

788ppm

(mm)

(kg/s)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

10

0.25

1

0.4

3

1

4

2.5

14

8

20

1

2

0.4

5

1

17

7

27

19

100

25

D1.5
Hole
Size

CO Flow
Rate

(mm)

(kg/s)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

10

0.25

1.1

0.4

4

0.6

6

2.5

35

12

20

1

3

0.5

7

1.5

13

8

76

30

100

25

12

4

29

18

242

70

475

80
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CO Dispersion Table (cont.)

f
D5

Hole
Size

CO Flow
Rate

90% Fatality

50% Fatality

10% Fatality

1% Fatality

29,679ppm

8,093ppm

2,250ppm

788ppm

(mm)

(kg/s)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

10

0.25

1

0.2

3

0.5

4

2

17

7

20

1

2

0.3

4.5

1.5

20

5

46

18

100

25

12

4

57

15

138

40

262

80

E4
Hole
Size

CO Flow
Rate

90% Fatality

50% Fatality

10% Fatality

1% Fatality

29,679ppm

8,093ppm

2,250ppm

788ppm

(mm)

(kg/s)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

L(m)

W(m)

10

0.25

1

0.2

3

0.5

5

2

25

8

20

1

2

0.3

5

1

25

7

64

20

100

25

2. Transfer Pipeline
Pool fire Modelling

The HAZID for the methanol transfer pipeline identified a leak form the pipeline, valve seal or flange
gasket , ignition and pool fire as a scenario to be carried forward for further consequence analysis. For
this scenario, three equivalent hole sizes of 13, 20 and 75 mm were postulated, corresponding
respectively to
−

a valve gland or flange gasket leak;

−

rupture of a small bore instrument connection; and

−

a major failure of the methanol transfer pipeline from an impact during construction or maintenance.

For each of the above hole sizes, the leak rate was estimated from the rate of liquid discharge through an
orifice using the Bernoulli equation, with a discharge coefficient of 0.8. Methanol properties were used
for the expected maximum pumping rate pressure and expected temperature (5,000 te/hour, 1,470 kPag,
37OC) for the upstream half of the pipeline and 5,000 te/hour, 500 kPag, 37OC for the downstream half of
the pipeline i.e. allowing for the pressure drop along the pipe during the pumping. The pressures selected
were taken from the stream data on the PFD for Methanol Metering and Loading.
The calculated leak rates were then equated with the estimated methanol pool burning rate of 0.017 kg/
m2 s in order to calculate the equilibrium pool diameter i.e. the methanol pool diameter when the leak
rate in is equal to the burning rate. The methanol burning rate was taken from Table 3-12 of the
Handbook of Fire Protection Engineering (Ref. 11)
The TNO Effects (Ref. 1) modelling program was then used to calculate the distances to heat radiation
levels of 6, 10 and 14 kW/m2. These radiation levels were selected based on the assignment of probability
of fatality for exposure to a pool fire given in Table C6.
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Table C6

Pool fire fatality probabilities

Heat Radiation Level kW/m2

Probability of Fatality %

6

10

10

50

14

100

The distances to the heat radiation levels shown above for each of the postulated hole sizes are given in
Table C7 for 5m/s conditions. Lower wind speeds will reduce the distance to the various heat radiation
levels in the downwind direction. The modelling was carried out 5m/s wind speed, since this is the most
prevalent wind speed in the meteorological data available for the area (refer to Appendix E) i.e 5m/s
wind speed occurs for approximately 45% of the time at the Burrup Peninsula.
Table C7

Pool fire consequence distances for methanol pipeline

Hole Size
(mm)

Leak Rate
(kg/s)

Equilibrium Pool Diameter
(m)

13

5.1

20
75

Distance to Heat Radiation Level (m)
6 kW/ m2

10 kW/ m2

14 kW/ m2

20

36

24

18

12

30

45

32

24

168

112

80

71

62

13

3.0

15

27

18

13

20

7.0

23

40

27

20

75

98

86

71

61

52

1470 kPag

500kPag
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Appendix D

FREQUENCY ANALYSIS
(PLANT AND PIPELINE)
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Frequency Analysis (Plant and Pipeline)
PROCESS PLANT

Pipeline leak frequencies were taken from Cox, Lees and Ang (Ref 9), as shown in Table D1 below. The
100mm pie frequencies were used in all calculations.
Table D1

Base pipe leak frequencies (Cox Ang and Lees, Table 18.1)

Type of Leak

Leak Frequency (per m / yr)

Pipe diameter (mm)

25

50

100

300

Minor leak

5.00E-05

5.00E-05

1.50E-05

5.00E-06

Major leak

5.00E-06

5.00E-06

1.50E-06

5.00E-07

Rupture

5.00E-07

5.00E-07

1.50E-07

5.00E-08

Flange major leak

3.00E-05 per 10m section per year

Bund and tank fire frequencies were estimated using engineering judgement, based on vessel, pipe and pump
leak frequencies multiplied by ignition probability.
Ignition and explosion probabilities are also from Cox Lees and Ang, as shown in Table D2 below.
Table D2

Ignition probabilities (Cox Ang and Lees, Table 16.3 Gas, 15.3 Liquid)
Type of
Leak

Gas
Probability
of ignition

Probability of
explosion after ignition.

Liquid
Explosion
probability

Probability of
ignition

Minor leak (< 1 kg/s)

0.01

0.04

0.0004

0.01

Major leak (1 - 50 kg)

0.07

0.12

0.0084

0.03

Massive (>50kg/s)

0.3

0.3

0.09

0.08

Event frequencies calculated from the base data are summarised in Table D3 following.
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2.5

62.5

0.6

Medium

Large

Flange leak

2.1

52.5

0.5

Medium

Large

Flange

10.8

240

2.7

Medium

Large

Flange
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All data the same as for Tank 1.

70

Tank 2, 3and 4

700

70

147m equiv diam assumed

0.2

Flange

700

70

Bund fire

16

Large

700

70

100

100

100

100

80

80

80

80

250

250

250

250

No of
sections

Elevation 10m , tank diameter 70m used

0.7

Medium

700

1000

1000

1000

1000

800

800

800

800

2500

2500

2500

2500

Estimated
pipe length
(m)

Tank fire

0.2

Small

Methanol to storage area) Tank 1

2.7

Small

Methanol (process area)

0.5

Small

Syngas leak (H2 rich)

0.6

Small

Flow rate
(kg/s)

Scenario frequency summary

Natural Gas Leak

Scenario

Table D3

3.00E-05

1.50E-06

1.50E-05

1.50E-05

3.00E-05

1.50E-07

1.50E-06

1.50E-06

3.00E-05

1.50E-07

1.50E-06

1.50E-05

3.00E-05

1.50E-07

1.50E-06

1.50E-05

2.10E-03

1.05E-03

1.05E-02

1.05E-02

3.00E-03

1.50E-04

1.50E-03

1.50E-03

2.40E-03

1.20E-04

1.20E-03

1.20E-02

7.50E-03

3.75E-04

3.75E-03

3.75E-02

D-2

Base failure Corrected failure
frequency
frequency
(per year)

0.01

0.03

0.01

0.01

0.03

0.08

0.03

0.03

0.01

0.30

0.07

0.01

0.01

0.30

0.07

0.01

Prob of
ignition

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

0.04

0.30

0.12

0.04

0.04

0.30

0.12

0.04

Prob of
explosion
(after ignition)

0.0004

0.0900

0.0084

0.0004

0.0004

0.0900

0.0084

0.0004

Prob of
explosion
(after leak)

5.0E-05

1.0E-04

2.1E-05

3.2E-05

1.1E-04

1.1E-04

9.0E-05

1.2E-05

4.5E-05

4.5E-05

9.6E-07

1.1E-05

1.0E-05

4.8E-06

3.0E-06

3.4E-05

3.2E-05

1.5E-05

Event
Frequency
(per year)

Pool fire

Pool fire

Pool fire

Pool fire

Pool fire

Pool fire

Pool fire

Pool fire

Pool fire

Pool fire

Explosion

Explosion

Explosion

Explosion

Not included - mass too small

Explosion

Not included - mass too small

Not included - mass too small

Event

METHANOL TRANSFER PIPELINE

For the pipeline leaks carried forward from consequence analysis, the leak frequencies were estimated using the
data and analysis of Cox et al (Ref. 9). For the 13 mm, 20 mm and 75 mm hole sizes, the hole size was
categorised as minor, major or rupture, based on the definitions given in Ref. 9 to allow the appropriate leak
frequency to be determined.
The leak frequencies for the hole sizes postulated in the pipeline are given in Table D4.
Table D4

Leak frequency estimates

Equipment Type

Hole Size, mm

Leak Frequency per Year

Valve gland

13

5 x 10-5 per valve

Pipeline flange

13

3 x 10-4 per flange

Instrument fitting

20

1 x 10-4 per fitting

Significant pipe failure

75

5 x 10-7 per metre1

NOTE 1 Cox et al do not provide pipe failure data for pipes greater than 300 mm diameter. Cox’s data for a
300 mm pipe for this situation is 5 x 10-6 per metre, however it was considered justified to reduce this value by
one order of magnitude due to the larger pipe diameter in this situation i.e. 750 mm.

OVERALL LEAK FREQUENCY

From the data available (PFDs and P&IDs) , an estimation was made for the number of valves, flange pairs and
small bore instrument fittings in the 4 km pipeline length from the plant to the wharf on shore facility (metering
station). The figures are an estimation only, since the design is at an early stage and detailed information is not
available.
Since the maximum pool fire consequence distance is 80 m (Table C7, Appendix C), a person situated more
than 80m from a leak source and fire will not be affected (for the purpose of this analysis). Hence it would be
significantly overestimating the frequency of failure (and the risk) if the leak frequencies per item (e.g. 5 x 10-5
per year for a valve gland) were applied to the entire pipeline length of 4 km. Thus the overall failure
frequencies were calculated on an 80 m section of pipeline. The number of flanges, valves and instrument
fittings in the total length of pipe were proportionately reduced to give the equivalent number in a 80 m section.
The leak frequencies per “item” (i.e. valve, flange pair, small bore instrument fitting) were then multiplied by
the number of items in an 80 m section of pipe and modified (as below ) for intermittent pipe usage to give the
overall leak frequency per year (for an 80 m pipe section).
RELEASE FREQUENCY APPLICABLE TO INTERMITTENT LOAD OUT

Since the methanol transfer pipeline will only be used intermittently (when pumping to a ship at the wharf) and
the leak frequency data from Cox et al is based on continuous usage, a factor must be applied for the intermittent
use of the pipeline.
From the ship loading information supplied, it has been estimated that the pipeline will be in use for 448 hours
(average) per month. To calculate the factor to be applied: (448 x 12)/ (365 x 24) = 0.61. The results for overall
leak frequency, adjusted for pipeline usage are shown in Table D5.
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ESTIMATION OF FIRE INCIDENT FREQUENCY

The overall leak frequency by hole size was combined with the probability of ignition of the release to give the
frequency of the flammable events under consideration.
The probability of ignition for each release scenario considered has been estimated using the generic data
compiled by Cox et al. (Ref. 9). This gives the ignition probabilities for flammable gases and liquids. Cox et al
classify any leak rate from 1-50 kg/s as “major” with the corresponding ignition probability being 0.03. This
ignition probability applies to all the postulated hole sizes and leak rates for the methanol transfer line except the
75 mm holes. For these large holes (leak rate over 50 kg/s, or “massive”), the ignition probability is given as
0.08.
Based on the above, the fire incident frequencies are shown below in Table D5
Table D5
Hole Size
mm

Overall leak frequency estimates
Leak Frequency
per year
per item

No of
Items in
Pipeline

Equivalent No
of Items in 80m
of Pipeline

Overall Leak
Frequency
per year*
(80m section)

Ignition
Probability

Fire Incident
Frequency
per year

5 x 10-5 per valve

10

0.20

6.1 x 10-6

0.03

1.8 x 10-7

32

0.64

1.2 x 10-4

0.03

3.5 x 10-6

1 x 10-4 per fitting

1

0.02

1.2 x 10-6

0.03

3.7 x 10-8

5 x 10-7 per metre

4,000

80

2.4 x 10-5

0.08

2.0 x 10-6

Valve gland
13

Pipeline flange
13

3 x 10-4 per flange

Instrument fitting
20
Pipe leak
75
*

Includes a pipeline usage factor of 0.61
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Appendix E

METEOROLOGICAL DATA
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Wind Weather Data
WIND WEATHER DATA SOURCE

The dispersion of gas and vapour releases is strongly dependent upon the prevailing wind speed and
atmospheric stability. The wind and weather for input into dispersion modelling was provided by
Woodside Energy Limited to Granherne (Ref. XX). This data is presented in Table E1.
Table E1

Summarised meteorological data, Burrup Peninsula

Stability Class /
Wind Speed (m/s)

Wind Direction (Probability)
N

NE

E

SE

S

SW

W

NW

Total

B1.5

0.56

0.52

0.84

0.8

1.08

1.4

0.96

0.72

6.88

C3.0

1.48

0.6

1.44

2.09

1.68

2.65

3.09

2.21

15.24

D5.0

1.7

2.2

10.64

4.41

1.3

8.33

12.74

3.31

44.63

E3.0

2.23

0.9

2.17

3.13

2.53

3.97

4.63

3.31

22.87

F1.5

0.84

0.78

1.27

1.21

1.63

2.11

1.45

1.09

10.38

Total

6.81

5

16.36

11.64

8.22

18.46

22.87

10.64

100

Atmospheric stability is defined by a system of stability classes known as Pasquill-Gifford classes, as
defined in Table E2. The stability class affects the rate of dispersion due to vertical rise and turbulence,
with increasing stability giving slower dispersion and more conservative results.
Table E2

Atmospheric stability classes

Pasquill Stability Class

Description

A

Very unstable

B

Unstable

C

Slightly unstable

D

Neutral

E

Stable

F

Very Stable

Other weather data used in the consequence modelling, taken from Woodside Energy Limited included:
−

relative humidity

45%

−

ambient temperature

27°C
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Appendix F

JETTY ANALYSIS
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Jetty Analysis
INTRODUCTION

Product methanol is transported from the tankfarm in the plant at Hearson Cove to Dampier wharf. Ship loading
will occur via a hydraulic loading arm, at a rate of 2,500 tonnes per hour. A loss of containment incident during
ship loading could result in a fire and/ or environmental pollution at the wharf. The hazards associated with the
shipping operations and the associated risks are addressed in this Appendix. Information from this appendix has
been carried forward into the main report and included in the relevant sections, with appropriate cross-references.
The scope of the study in ship loading operations consists of the following:
−

Development of specific hazard scenarios.

−

Consequence Analysis of hazard scenarios.

−

Frequency assessment of the identified events using generic failure rate data bases. At the PHA stage, only
concept design information is available and therefore, a fault tree analysis type of study could not be
undertaken.

−

Development of F-M curves for product spill for wharf incidents. The F-M curve is similar to the F-N curve
for risk of fatality, but shows the cumulative frequency F with which a product spill of M or more tonnes
could occur.

−

Evaluate the resultant risk levels and identify risk reduction measures as found appropriate.

DESCRIPTION OF WHARF FACILITIES
Main Features of Design

The wharf facility will consist of a bulk liquids berth for transfer of products to ships. The overall facility will
include the following:
−

A jetty head structure and dolphins with adequate structural integrity for the tidal conditions at Dampier
wharf.

−

A hydraulic Marine Loading Arm (MLA) system consisting of two 400mm loading arms. One MLA will
be installed as part of Phase 1 of the project (i.e. single methanol train) and the second MLA will be
installed during Phase 2 expansion (i.e. second methanol train).

−

Emergency shutdown system for the loading arms with associated ESD stations and alarms. The ESD
system will close the wharf ESD valve and raise an audible/visible alarm.

−

An Emergency Release Coupling (ERC) on each loading arm to disconnect the arm to stop product spill, in
the event of mooring failure or other unexpected ship movements.

−

Wharf fire protection system for fighting fires on the jetty head as well as on ship’s deck, using firewater
monitors.

−

Design and construction of the wharf facility in full compliance with AS 3846-1998, “The handling and
transport of dangerous cargoes in port areas”, and relevant IMO requirements.
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Safety Systems

The following safety systems are expected to be provided for loading arms and operations at Dampier Wharf.
−

Loading arms designed for a pressure of 1,500kPag, which is the maximum discharge head of the pump, so
that loading arm overpressuring can be eliminated.

−

Wind speed monitoring system, linked to an alarm if the wind speed exceeds 40 knots. Ship/shore transfer
operations would not commence or would be suspended if operations had commenced, during the times of
high wind conditions, as indicated by the alarm. It is understood that there is also an early warning system
in place for cyclones - for a severe cyclone threat to the Port of Dampier, loading would be terminated and
the ship would put to sea to avoid the cyclone.

−

Overreach Alarm, ESD. This comprises the loading arm range monitoring system. The system monitors
both the luff and the slew of the loading arm in the event of excessive movement of the ship. There are
independent proximity switches, separately for alarm position and trip position of both luff and slew, for the
loading arm. Switches are of fail safe design, so that in the event of a wiring or switch fault on any one of
the eight, an alarm or ESD condition will occur. Similarly, detection of overreach by the alarm switch will
initiate an alarm and detection of overreach by the trip switch will initiate an ESD.

−

An audible ESD alarm is located at the wharf console, outside the operator's cabin at the wharf.

−

Ship watch and shore watch during the transfer period, with two-way radio communication between the
two. The operator can also communicate by radio with the methanol plant control room. Intrinsically safe
radios are used.

−

Sufficient closure time in the design for the ESD valve on the loading arm to prevent "water hammer" effect
while the transfer pump is still operating.

−

ESD push buttons located at the wharf console, outside the operator's cabin, and at the wharf.

−

Fire protection system at the wharf

Ship/ Shore Transfer Operation

The number of tanker movements is expected to be about 183 per year (15 per month, on average), with a total
transfer duration of between about 21 and 38 hours, varying depending upon the ship size. The maximum
normal transfer rate is 1,200 tonnes per hour (although the MLAs are designed for 2,500tph each), and the
parcel size varies from 15,000 tonnes to 45,000 tonnes depending on the tanker.
During transfer, the tanker firewater main is connected to the wharf main by a flexible hose. In the case of a fire
on board the tanker, the shore firewater supply can be used to boost the tanker’s firewater.
Transfer operations using the loading arms are suspended in wind speeds in excess of 40 knots or in the event of
nearby lightning strikes.
Methanol tankers typically comprise several individual cargo tanks. The cargo tanks in all tankers have inert gas
blanketing systems (usually utilising the exhaust gas from the auxiliary boilers after gas cleaning).
All cargo pump rooms and engine rooms are equipped with fire detection systems. Fire suppression systems are
activated manually upon alarm and once the area has been cleared. Typical systems use a halon substitute or
CO2 as an extinguishing medium. Foam systems may also supplement the above and be used on deck above
cargo tanks.
Based on the information supplied to Halliburton KBR, transfer operations would occur for about 448 hours per
month (5,370 hours per year) or 61% of the time. These are actual transfer times, and the connect time of the
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loading arms would be longer to allow for preparation before commencing transfer operations and to drain the
arms before disconnection.
HAZARD IDENTIFICATION AND EVALUATION OF SAFEGUARDS
General

The hazards associated with ship/shore transfer operations of methanol are:
−

A spill on water and mixing with sea water (environmental hazard);

−

Product spill in the bunded area of wharf, and a pool fire if ignited;

−

Poolfire on deck from product spill on deck;

−

Structural failure of hull and release of cargo (environmental hazard); and

−

Cargo tank fire/ explosion.

The hazardous incidents considered in this study could occur as a result of:
1.

Environmental conditions.

2.

Equipment failure.

3.

Procedural failure including human error.

The hazardous incidents were evaluated in relation to their potential consequences and the design/operational
safeguards provided. A detailed discussion on the identified hazards is provided in this section.
Ship/Shore Transfer Operations

The following possible scenarios have been identified for the loading arms:
1.

Major methanol release from shearing and full bore rupture of the loading arm.

2.

Nominal 10mm diameter equivalent holes from failures of flanged or swivel joints.

A number of factors would contribute to the incident scenarios:
Environmental

Wind, waves and tides can cause excessive movement of the vessel being loaded in
relation to the loading arm anchor point, leading to shearing of the arm.
The loading arm is equipped with a two-level alarm/shutdown system to protect against
excessive movement of the arm. The first level would alarm to alert the operator, and the
second level would automatically initiate an emergency shutdown. In addition the ERC
would release the loading arm coupling and shut the valves on either side of the coupling.

Procedural
Failure

Human error can negate the effectiveness of procedures; this is particularly relevant for:
-

laying of mooring lines;

-

load range settings for the loading arm winch too wide. The chance of this happening
is very low as the overreach alarm/ESD is tested each time before a transfer;

-

trip testing of shut down trips before commencing transfer;

-

operator awareness; and

-

operation of manual emergency shutdown and system.

Such procedural failures can also lead to an incident.
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Wind

The wind monitoring system would operate as follows:
1.

Wind speed limit high to sound audible alarm.

2.

On wind speed limit high alarm, the shore watch operator would stop loading
operations and, if necessary initiate disconnection of the arm.

3. For cyclones threats, the ship may put to sea until the cyclone has passed.
Operating
Conditions

It is possible to have failures of the arm due to a material failure or at the swivel joints due
to mechanical failures. The chance of such an event due to overpressure is, however, very
low as the arm is designed for a pressure of 15,00kPa, the maximum pump pressure is only
1,500 kPag. The pressure at the loading arm would be well below 1,000 kPag. Further, a
program will be instituted for inspection and maintenance of the loading arms on a regular
basis.
It is postulated that failures resulting from such combinations and circumstances can be
modelled by a flange/fitting leak of 10mm equivalent diameter hole, and not necessarily a
full bore failure.

Equipment
Factors/Defects

Damage to mooring lines can occur as a result of seized roller cleats and fair leads on the
ship resulting in line failure under load. Mooring lines have also been known to fail as a
result of latent or inherent defects in the manufacture or maintenance of the lines, or from
the failure of vessel winch brakes, causing loss of tension on the mooring lines.
A single mooring line failure by itself would not result in an incident since multiple
mooring lines are used for each ship as a minimum. However, a mooring line failure at the
same time as high wind conditions occur could result in a "domino" effect of mooring
lines failure, causing the ship to move away from the wharf.

Loading arm leak scenarios (10mm and full bore rupture) have been carried forward for further analysis.
Product Spill into Water

Methanol spill on water could occur from the following causes:
−

Failure of loading arm at locations above water, and spill of product on water until the line is isolated and/
or the transfer pumps are stopped and the inventory in the loading arm drains out.

−

Failure of loading arm, flange/fittings on the wharf, spill in the bunded area, and quantity of spill exceeding
the bund capacity at the wharf, resulting in an overflow.

−

Failure of flanges and equipment on the tanker deck pipework, resulting in a spill onto the deck and
subsequently into water. It is noted that it is standard practice on Methanex methanol ships to plug the
scuppers on the deck so that any deck spills are contained on board - hence this scenario may be unlikely
for smaller leaks unless the scuppers are inadvertently left unplugged, or the leak sprays out over the side of
the ship, rather than directly onto the deck. For larger leaks, it may be possible that the capacity of the
scuppers would be exceeded before isolation of the leak and a spill overboard would thus still occur.

−

Structural failure of the hull and subsequent release onto water.

A spill on water is essentially an environmental hazard and not a safety hazard, as methanol is fully miscible
with water, and the spill would not ignite on water. Local aquatic life may be affected, depending on the
dilution rates.
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Methanol Pool Fires 0n Jetty

Should a spill within the bund on the wharf ignite, a pool fire would result. The chance of ignition is low due to
the following reasons:
−

The wharf is given a hazardous area classification of Zone 1 according to AS 2430, and all new electrical
equipment and instrumentation will be designed to this standard (ie. intrinsically safe).

−

A strict no smoking policy is enforced on the ship deck/manifold area, and smoking is allowed only in
designated locations in the ship.

The quantity of spill would be low, given the shutdown systems in the design and procedures. Therefore, even
in the event of a fire, the duration would be small.
The fire protection systems at the wharf consist of monitors with provision for foam injection (alcohol
compatible foam), and provision for application of fire water from a sheltered location.
This event has been carried forward for further analysis.
Events on Ship

A number of incidents on the tanker have been identified that could have an impact on the onshore terminal
facilities.
Spills on Deck During Unloading

Spills of product may result from leaks on tanker pipework and equipment during transfer or from failures of the
loading arm. These may result in releases of cargo to the sea, or if ignited, may cause a pool fire on the deck of
the tanker. Hole sizes of 10mm and 50mm were identified as potential incidents but full bore losses from
pipework on the tanker were not considered credible events.
The likelihood of such spills and fires is reduced by the following:
1.

Constant watch during transfers both by tanker crew and by shore operator.

2.

In the event of leaks being detected, the ESD will be operated and the pumps will be shutdown, preventing
the spillage of large quantities of methanol.

3.

The firefighting facilities on the wharf.

This incident has been carried forward for further analysis.
Cargo Tank Fire

Fires in the storage compartment may occur as a result of:
−

Failure of the inert gas system and ignition of vapour above the liquid level;

−

Heat radiation impact of onshore fire onto tanker; and

−

Escalation following a pump room or engine room fire on the ship.

A fire could escalate between cargo tanks and could cause structural failure and release of cargo onto water. The
consequences of cargo tank fires may be minimised by the fire extinguishing foam systems (if installed) used for
the deck surface over the cargo tanks, engine room and pump room.
This incident has not been carried forward for further analysis, as details of the vessel are not known at this
stage.
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Cargo Tank Explosion

Failure of the inert gas blanket to the cargo tanks and ingress of air into the tanks could result in a flammable
mixture which could explode if ignited. The explosion could potentially cause structural damage to the ship and
to onshore facilities. However, the inert gas system has alarms on O2 and temperature levels as well as alarms
on the gas scrubber operation. Early detection of faults in the inert gas system will allow the ship’s crew to shut
down the transfer process and to take remedial action. In addition, control of ignition sources on the deck would
reduce the likelihood even further.
This incident has not been carried forward for further analysis, as the potential for explosion is very low, given
the above safeguards.
Structural Failure and Release of Cargo

Structural failure of the tanker and subsequent release of cargo onto the water may result from:
-

Collisions between the tanker and:
-

the jetty head;

-

a tug; or

-

another vessel in Dampier wharf.

The frequency of these incidents will be low because:
-

The manoeuvring speed of vessels during berthing is low.

-

It is unlikely that two tankers would be in transit at Dampier wharf simultaneously.

-

Procedures are in place to ensure that no vessel leaves the wharf whenever a tanker is being manoeuvred to
the berth..

Although these incidents are considered unlikely , they have been carried forward for further analysis because of
the potential severity of the consequences.
Grounding

Grounding of the ship may occur as a result of human error, engine failure or mooring line failure. Grounding
could result in rupture of the hull and cargo tank and subsequent release of cargo. The risk of grounding is
reduced because of the berthing procedures. Again, because of the potential severity of the consequences of this
type of event, it has been carried forward for further analysis.
Summary of Incident Scenarios Carried Forward

The event scenarios which have been carried forward for further discussion or analysis are listed in Table F.1.
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Table F.1

Event scenarios carried forward for analysis

No

Description of Event

Environmental Hazards
1

Full bore failure of loading arm - methanol spill into water

2

Failure of flange/fitting/loading arm joints (10mm) hole - methanol spill into water

3

Structural failure of tanker hull and release of methanol cargo into water (collision with
another vessel, jetty or grounding)

Safety Hazards
4

Methanol bund fire at wharf (10mm or 50mm hole in piping or fitting)

5

Methanol fire on tanker deck during loading (10mm or 50mm hole in piping or fitting)

HAZARD CONSEQUENCE ANALYSIS
Release Rate Calculations

Methanol would discharge from openings as a continuous flow until ESD activation, and valve closure.
Release rates were calculated using standard orifice flow equations. A value of 1,000 kPag was conservatively
assumed for the ship’s manifold, allowing for the pressure drop in the transfer pipeline from pump discharge at
the tankfarm to the wharf. In reality, the pressure at the wharf may be somewhat lower than this.
Where the calculated release rate was higher than the pumping rate, the pumping rate was used in the
calculations (ie. flow rate limiting rather than hole size limiting). Summary of calculated release rates is shown
in Table F.2.
The release rates from equipment on the tanker deck during loading operations have been modelled both for
hole sizes of 10mm and 50mm diameter and using the tanker manifold pressure of 1000kPag. Full rupture of
large bore piping on the tanker deck is not considered a significant risk.
The case of structural failure of the hull and release of product onto water was modelled as a 300mm diameter
hole under a 10m static head. This gave an initial release rate of 617kg/s, which reduces as the level decreases in
the tank.
Table F.2
No

Product Release Rates
Description

Hole Size, mm

Release Rate, kg/s

Flow Limiter

1

Full bore - Loading Arm

400

694.4

Pumping Rate at
2,500 tph

2

Small leak

10

2.48

Hole Size

3

Medium leak

50

62.0

Hole Size

4

Hull failure

300

617.0

Hole Size

Release Duration for Loading Arm Incidents

Release durations for the various leak rates were estimated by taking into account:
-

Control and safety systems in place.

-

Operational status of these systems - i.e. success or failure in operation or on demand.

-

Design lags in the system for valve closing to minimise water hammer effects.
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Small Leaks
For 10mm holes in pipework or loading arms, the system consists of manual detection and operation of the
ESD, the possibility that the ESD may fail on demand needs to be considered.
The following conservative release durations have been assumed, that include:
−

Time for leak to be noticed and acted upon (allowing for poor visibility conditions and minimum manning).

−

Time for ESD valve to close.

−

Time to inform plant to shut down transfer pumps and time to shut down pumps.

−

If ESD fails, time for shore watch operator to attempt manual isolation of the line.

1.

Early detection of leak:
Time to detect leak and activate ESD :

3 minutes

Time for ESD valve closure:

0.5 minute

Time for plant pumps to shut down:

3 minutes

Total 6.5 minutes
If ESD fails, manual isolation of line
2.

1 minute

Delayed detection of leak:
Leak duration was taken as a total of 20 minutes for all the activities listed in item 1 above.

Release Due to Guillotine Failure of Loading Arm
Guillotine failures of loading arms are relatively rare occurrences. They could happen from excessive ship
movements caused by mooring lines failure, excessive wave action from passing ships etc.
Mooring lines could fail due to excessive wind speeds. They could also fail from defective or incorrectly laid
mooring lines. The latter type of failure could occur at any wind speed, but such failures may not always result
in a guillotine failure, unless two or more mooring lines had failed as a result of excessive ship movement.
The range monitoring system would initiate an ESD due to excessive ship movement before the arm failed.
Even if the ESD failed, the emergency release coupling would isolate on either side of the failure, stopping a
spill.
Control and safety systems for this scenario and release duration are characterised as follows:
1.

Emergency release coupling operates:

Near instantaneous shutoff

2.

Emergency release coupling fails, but automatic shutdown operates
Leak from loading arm until loading arm inventory depleted.
Time for ESD valve activation:

0.5 minute

Time for ESD valve closure:

0.5 minute

Total
3.

1 minute

Emergency release coupling fails, and automatic shutdown fails
Time to assess problem and take action
Time to close manual valve

3 minutes
1 minute

Response Times for Tanker Incidents
The response times and incident durations for events occurring on the tanker are described below.
1.

Leak on ship pipework
In the event of detection of a leak in pipework on deck, the crew will advise the shore operator to initiate
the ESD. The remaining inventory in the pipework will continue to leak until the line is depressurised.
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Depending upon the pipeline geometry, location of isolation valves and location of the leak, there may be
sufficient time for ship’s crew to take remedial action (e.g. drain the leaking section of line under controlled
conditions). This is more likely to be the case for a small leak (10 mm) rather than a large leak (50mm).
Time for leak detection by deck watch:

3 minutes

Time to communicate to shut ESD
Time for ESD valve closure:
Total
2.

1 minute
0.5 minute
4.5 minutes

Leak from cargo tank
Detection of large leaks due to structural failure of the hull is instantaneous since the impact will be readily
detected by the ship’s watch.
Small leaks may not be readily detected. A substantial inventory may be released before the leak is
detected.
It is assumed that the entire inventory of a single cargo tank would be released (say 6,000 tonnes).

Summary of Release Quantity

The total quantity of product released for various release scenarios is summarised in Table F.3. The total spill
quantity is obtained by multiplying the leak rate by the duration of spill.
It has been assumed that the wharf bund area is 10m x 10m. With a bund height of say 100mm, this gives a
containment volume of 10m3, or 7.8 tonnes.
If the spill quantity exceeds 7.8 tonnes, then a spill on the wharf would overflow into the sea.
Table F.3

Product Release Quantities

No

Description

Release Rate
kg/s

Duration
minutes

Quantity,
tonnes

1

10 mm leak - early detection, ESD works

2.48

6.5

0.97

2

10 mm leak - early detection, ESD fails

2.48

7.5

1.11

3

10 mm leak - delayed detection

2.48

20.0

2.98

4

50 mm leak - early detection, ESD works

62.0

6.5

24.2

5

50 mm leak - early detection, ESD fails

62.0

7.5

27.9

6

50 mm leak - delayed detection

62.0

20.0

74.4

7

Full bore release from MLA, ERC fails, ESD works

694.4

1.0

41.7

8

Full bore release from MLA, ERC fails, ESD fails

694.4

4.0

166.7

9

10mm leak from ship’s pipework

2.48

4.5

0.67

10

50mm leak from ship’s pipework

62.0

4.5

16.7

11

Leak from cargo tank

Full inventory

of tank

6000

Pool Size of Methanol Spill

The pool sizes used to determine the consequences of ignition of spills of methanol are described below.
For spills in the bunded area on wharf, the pool size of the spill was taken as the bunded area of 10m x 10m,
giving an equivalent diameter of 11.3m. In the event of ignition, the pool size would be the equilibrium
between the leak rate and the burning rate, subject to a maximum, which is the bund diameter.
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For spills on the tanker deck, a liquid spreading model was used to determine the diameter of the spill. For
methanol leaks from 10mm holes, a typical pool size was equivalent to 12m diameter. For 50mm holes, the
pool size was equivalent to 45m diameter. Since the beam of a tanker is typically about 45m for a 70,000 tonne
tanker and because of the equipment and piping on deck, the pool of this size is unlikely to form. Hence, the
assumption of an equivalent pool size of 45m for consequence calculations is conservative. As a conservative
assumption, spills on the ship’s deck have been assumed to spill over into the sea - normally the blocking of the
scuppers would prevent this from happening.
Pool Fire Calculations

A pool fire was modelled as a solid flame model with a cylindrical flame. The distance to various thermal
radiation levels were calculated using geometric view factors.
The in-house computer program POOLFIRE was used to calculate the equilibrium pool diameter, and heat
radiation levels at various distances. A summary of the heat radiation calculations is given in Table F.4.
A full bore release from the loading arm or a cargo tank failure would result in product loss to sea, and no fire
would result due to the complete miscibility of methanol with water.
Table F.4

Pool Fire Radiation Distances

Incident

Leak Rate

Scenario

2

Pool

Distances to Heat Radiation Levels (kW/m ),

Diameter

m from Centre of Pool

kg/s

m

4.7

6.0

14.0

23.0

10 mm Hole

2.48

11.3

21.1

19.4

14.4

11.6

50 mm hole

62.0

45.0

39.7

31.3

22.5*

22.5*

*Distance within pool radius as the maximum surface emissive power was less than the specified heat flux

It was found that for both 10mm and 50mm leaks on the wharf, the pool filled the entire bund. However, for
small leaks, if the spill occurred within the bunded area, no overflow into water would occur, and the spills
would be contained within the bunded area on the wharf.
The heat radiation distances in Table F.4 indicate that it is not possible for any person to be in the wharf area
unprotected. A fire shield needs to be provided at a distance of 30m from the wharf for personnel to take
shelter. The fire water monitors can be remotely activated either from the fire shield or from the operator’s
cabin, to enable fire fighting.
ESTIMATION OF INCIDENT FREQUENCY

This section describes the frequency analysis conducted to estimate the likelihood of various incidents. At this
preliminary stage of the project, in the absence of detailed design information and equipment specification, only
generic failure rate data has been used, with relevant adjustments to account for the safety systems proposed to
be incorporated in the design.
Failure Rate Data

The data used for the analysis is listed in Table F.5. Several data sources were used in obtaining the failure rates
in the Table.
(a) Centre for Chemical Process Safety, American Institute of Chemical Engineers (Ref. 3) - limit switches,
valves and other instruments.
(b) Health and Safety Executive UK (Ref. 5) - flange fittings
(c) IEEE Standard 500 (Ref. 6) - Alarm Relays etc.
(d) International Maritime Organisation Ref. 7).
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The ESD valve failure rate was converted into a Fractional Dead Time (FDT) on the basis that it is tested each
time prior to a shipping operation.
Table F.5

Failure Rate Data

Component

Value

Source

Flange/fitting

5 x 10-6 per annum

CCPS 1989 (Ref. 3)

-8

Loading arm failure

3 x 10 per hour of operation

Technica 1990 (Ref. 8)

50mm hole in pipework

1.5 x 10-5 per metre-year

Appendix D of this report
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Limit switch

1 x 10 per hour of operation

CCPS 1989 (Ref. 3)

Ball valve failure close

3.59 x 10-6 per hour of operation*

CCPS 1989 (Ref. 3)

-3

Alarm/Trip signal failure

1.6 x 10 per annum

IEEE 1984 (Ref. 6)

Cargo tank fire

1.7 x 10-3 per vessel-year

IMO (Ref. 7)

* Does not include ESD/ ERC operation

For the loading arms: No. of tests per year = 183 (no. of ships), 91 per loading arm.
Ball valve fails to close

FDT = (3.59 x 10-6)(5,370/2)(0.5)(1/91) = 5.30E-5

Similarly alarm/ trip signal failure rate was converted into an FDT value, giving 8.79E-6 per demand.
Similarly, the FDT for the limit switch = (1 x 10-5)(5,370/2)(0.5)(1/91) = 1.48E-4
The FDT for the ESD system is given by the sum of the following FDT’s:
(Limit switch failure) + (Ball valve fails to close) + (Alarm trip signal failure)
= 5.30E-5+ 8.79E-6 +1.48E-4 = 2.10E-4
An analysis of serious casualties to seagoing tankers 1977-1991 by the IMO gives an accident rate for cargo tank
fires of 14 / 8428 = 1.7 x 10-3 per vessel year.
Single loading arm failure frequency (annual basis)
8.06E-5/year

= (3x 10-8/ h) x (224 h/month) x (12 months/year) =

Failure Probabilities

As well as the failure rate data given in Section 5.1, the failure probability data used in the event tree analysis are
shown in Table F.6.
Table F.6

Failure Probability Data

Event

Value

Source

Cargo tank penetration given collision (gas carrier)

0.004

HSC 1991 (Ref. 5)

0.00021

Calculated FDT

ERC fails to separate the MLA

0.01

Estimate

Leak detected early

0.9

Estimate

ESD ineffective (1 MLA)

Frequency of Vessel Incidents

To derive the likelihood of grounding, collisions and jetty strike, generic data available in the Health and Safety
Commission (1991) report in the UK was considered inappropriate for Australian conditions. Therefore
Australian data has been obtained from Lloyd’s Maritime Information Services in the UK and the Marine
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Incident Investigation Unit (MIIU) of the Department of Transport and Regional Development in Canberra.
Table F.7 summarises the number of vessel incidents occurring in Australian ports which have been recorded by
the MIIU for the period 1982-1997, and Lloyd’s for the period 1991-1997.
The Lloyd’s data combines ship to ship collision and jetty strike events and does not separate them. A total of 6
incidents for the period 1991-97 was reported. It was also found that only 1 of the Lloyd’s database incident was
in common with the MIIU database, and the other 5 incidents are not recorded in the MIIU database. For this
study, a 50/50 split was assumed for collision and jetty strike for the Lloyd’s combined database. This was
integrated with the MIIU database.
Table F.7

Vessel Incidents in Australian Ports (September 1982 to April 1997)

Incident

Tankers

All Vessels

Collision

N/A

6

Grounding

3

11

Jetty Strike/ Strike wharf

3

1

Other

2

9

Total

8

28

In order to convert the data in Table F.7 into a frequency, data was also obtained for the number of ship
movements for Australian ports from MIIU. For the years 1994 to 1996 there was an average of 1,359 tanker
movements in and out of Australian ports. For the same period there was a total of 17,143 movements of large
vessels (> 250 DWT) in and out of Australian ports.
To derive an estimate of the frequency of incidents per year, the average number of incidents per year (over a
period of 14.7 years) was divided by the average number of ship movements per year. The results of these
calculations are shown in Table F.8. It should be noted that the average incident rate for tankers is slightly
higher than the equivalent rate for all vessels.
Table F.8

Frequency of Tanker incidents in Australian ports

Incident

Incident Rate in Australian Ports /Vessel
Movement

Incident Frequency for
Vessels at Port of Dampier

Collision

7.1 x 10-5

1.3 x 10-2

Grounding

1.3 x 10-4

2.4 x 10-2

Strike Wharf

1.2 x 10-5

2.2 x 10-3
TOTAL

3.9 x 10-2

For incidents with methanol tankers at Dampier wharf, the number of movements is 183 per year. To calculate
the number of incidents per year at Port of Dampier, the overall vessel incident rate has been multiplied by the
total vessel movements per year.
Cargo release frequency from tanker incidents is therefore the product of the total incident frequency and the
probability of penetration (0.004 from Table F.6), giving a value of 1.6 x 10-4 per year.
The leak frequency of 10 mm holes is estimated by multiplying the unit frequency by the number of release
sources. On the shore side (within bund), the number flange connections is taken as 16 (8 per pipeline). The rest
of the pipework consists of welded connections. A similar number has been assumed on the ship’s manifold (8).
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Similarly, the leak frequency of 50 mm pipeline holes is estimated by multiplying the unit frequency per metre by
the number of metres of pipe - in this case a 20m length has been assumed.
Summary of Incident Frequencies

The quantities spilt on water and the frequency of leaks is shown in Table F.9.
Table F.9: Frequency and Consequence for Methanol Leaks
Description

Frequency (pa)

Quantity Spilt on water
(tonnes)

10 mm leak (deck)- early detection, ESD works

7.20E-05

0.97

10 mm leak (deck) - early detection, ESD fails

1.50E-08

1.11

10 mm leak (deck) - delayed detection

4.00E-06

2.98

50 mm leak (wharf) - early detection, ESD works*

5.40E-04

16.4

50 mm leak (deck) - early detection, ESD works

5.40E-04

24.2

50 mm leak (wharf) - early detection, ESD fails*

1.13E-07

20.1

50 mm leak (deck) - early detection, ESD fails

1.13E-07

27.9

50 mm leak (wharf) - delayed detection*

6.00E-05

66.6

50 mm leak (deck) - delayed detection

6.00E-05

74.4

Full bore release from MLA, ERC fails, ESD works

1.60E-04

41.7

Full bore release from MLA, ERC fails, ESD fails

3.34E-08

166.7

Leak from cargo tank

1.57E-04

6000

*

For spill on the wharf, the overflow to sea has been calculated by subtracting the wharf bund capacity
(7.8 tonnes) from the total quantity of spill.

The F-M Curve

It is common to express risk to people in terms of an F-N curve, where F is the cumulative frequency with
which N or more fatalities can occur. This concept has been extended here to environmental risk, where the risk
of a methanol spill on water has been expressed in terms of an F-M curve, where F is the cumulative frequency
with which M or more tonnes of methanol spill on water can occur. The F-M curve is shown in Figure F.1.

Cumulative frequency, pa (F)

Figure1.00E-02
F.1: F-M Curve for Methanol Spill
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Summary of Fire Frequencies

The probability of ignition of a spill on the wharf is taken from Appendix D. For leak rates of 1-50 kg/s, it is
0.03 and for leaks of > 50 kg/s, the value is 0.08.
Therefore, the following fire frequencies were derived, for a bund fire at the wharf.
Overall fire frequency

= (frequency of 10mm spill x 0.03 + frequency of 50mm spill x 0.08)
= (5.0E-6 x 8 x 0.03 + 1.5E-5 x20 x 0.08) x 2 loading points pa
= 5.04 x 10-5 p.a.

RISK ASSESSMENT
Risk of Product Spill on Water

There are no established acceptance criteria for the risk of product spills on water. The guiding principle is
generally that all product spills should be eliminated, or the risk of a spill reduced to as low as reasonably
practicable (ALARP) levels. The consequence-frequency curve for the identified scenarios shows that the
frequency of a spill exceeding 100 tonnes is approximately 1 chance in a 5,000 per year. This risk is low.
Further, significant dilution of the spill would occur because of its miscibility with water, and any toxic impact
on the aquatic environment would be localised around the spill area.
The critical factors in minimising the spill quantity and likelihood are:
−

Activating the ESD as soon as the leak is detected. Operating procedures should emphasise this aspect in
the operator/shore watch training.

−

Minimising the potential for a collision or jetty strike by ensuring careful manoeuvring of the vessels, as
well as minimising the chance of collision at angles where a structural failure could occur. For tankers, this
aspect is outside the control of Methanex as the tugs would be operated by the Port of Dampier Authority.

Fire Risk Assessment

The total fire frequency from a methanol spill on the wharf was calculated as 5.0 x 10-5 per annum. This
frequency is low.
The emergency procedure should call for taking shelter behind the fire shield and activating the remote
firewater/ foam monitors in the event of a fire. This would reduce the heat radiation distances significantly.
The nearest structure is the shore operator’s cabin. This location should be carefully considered to ensure that it
is outside the 4.7 kW/m2 heat radiation contour for a full bund fire. Provided the operator stays in the cabin, at
least till fire fighting commences, when the thermal radiation distances would be attenuated by the water/foam
spray, there would be no injury potential.
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RISK CONTROL MEASURES

There are standard risk control measures as part of the installation design, as required by AS 3846-1998, and the
IMO standard. The following measures are recommended in addition to the above.
1.

Provide a fire shield at the wharf to provide shelter for fire fighting personnel as the bund fire cannot be
approached without this shield.

2.

The operator cabin at the wharf should be located at a distance of at least 30 metres from the bunded area,
to provide shelter against fire radiation.

3.

The ESD should be tested prior to each ship loading operation. This can form part of the ship/ shore
checklist required by AS 3846-1998.

4.

An annual electrical audit of the wharf should be conducted to ensure that the Hazardous Area Zone 1
integrity is maintained.
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1 EXECUTIVE SUMMARY
Sinclair Knight Merz (SKM) have requested QEST Consulting Engineers prepare a
report on the hazards associated with the shipping of methanol by Methanex in the
Dampier Harbour.
The hazards under consideration in this study are those associated with bulk
shipping (range 16 - 45kt) of methanol through the shipping channel heading north
west from the new Dampier Wharf.
The risks were found to be negligible in comparison to those determined from the
production of methanol.

1.1

Potentially hazardous events

A summary of the major risk contributors are provided in Table 1.1.1.
Table 1.1.1 Risk Contributions

Internal Event

Comment

Collision
Grounding
Onboard Incident
Collision during
berthing and
departing

Major cause through engine or steering failure.
Major cause through cyclone, engine or steering failure.
May include fire and explosion.
Cause through hitting the wharf with sufficient speed to cause
rupture of methanol storage tank.

The events specified are not considered to be a problem on their own as Methanex
have adequate control measures in place to manage risk.

1.2

Recommendations

The hazards associated with the shipping of methanol were determined to be low
compared to those associated with the other facets of methanol production and no
risk reduction measures were identified.
However, in preparation of the Safety Report (QRA) Qest recommend that shipping
hazards be re-addressed to ensure current shipping data is used.

Sinclair Knight Merz
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2 INTRODUCTION
2.1

Background

Methanex Australia Pty Ltd, the proponent for this project, proposes to construct an
export oriented Methanol complex in the Pilbara region of Western Australia. The
first train of the proposed plant will convert natural gas into Methanol at a design
capacity of 2 Mega tonnes per day (mtpd) by 2005 and when the second train is online by 2010 5mtpd per day.
A 5km long lagged pipeline will transport the produced methanol from the storage
tanks at the methanol facility to the new Dampier Wharf where a loading arm will be
present for loading onto the ships.
The methanol will then be transported to its international markets via 87 trips per
annum for an average methanol load of 23kt. Once the second train is on-line the
number of trips will increase to 218 with an average load of 23kt.
The new Dampier Wharf will have a dedicated shipping channel which will head north
west from the new wharf for 3.3 nautical miles. It will be dredged to accommodate up
to 12m draft (generally 50-60,000 DWT) tankers.
The existing Dampier Public Wharf is located about 5 kilometres to the west of the
proposed site. The project will have access to the ship-loading facilities at the new
purpose-built loading wharf (approximately 300m south of the existing Dampier
Public Wharf).
The 2 other channels in the harbour will not be connected to the new channel.

2.2

Study Aims and Scope of Work

The potential for major incident events arising from the shipping of large amounts of
methanol warrant special measures to ensure the safety of the public, the workforce
and the environment.
The aim of this study is to:
• Determine the risks of bulk methanol transportation through the shipping channel
from Dampier Wharf for inclusion in the Public Environment Review (PER); and
• Make recommendations where applicable.
The Study addresses all major shipping accidents and assesses their risk by:
• Determining the potential hazardous events;
• Assessing the frequency of such events;
• Analysing the potential consequences of hazardous events; and
• Reporting any applicable recommendations.
The primary purpose is to ensure that all significant risks are identified and properly
evaluated to enable appropriate action to be taken to eliminate or reduce the
potential for major incident events. These risks can then be reported in terms of their
frequencies and consequences and analysed further for quantitative risk if deemed
necessary.
Sinclair Knight Merz
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3 RISK ASSESSMENT METHODOLOGY
This report forms part of the PRA for the Methanex project which is part of the PER
process. The objective of a PRA is to demonstrate that, as far as is reasonably
practicable, all credible accident events that have the potential to cause fatalities off
site have been identified and the EPA Criteria for the assessment of risk from
industry has been met [11].
The methodology used for this Risk Assessment is based on hazard scenario
identification, analysis and assessment carried out in well-defined stages. The stages
in the risk assessment methodology are summarised below:
1

Hazard Identification:
Identification of credible hazardous events for the shipping operation. This was
done using the analysts’ experience, the proponents knowledge of the
proposed operations, experience and a systematic review of the proposed
operation. This study looks at the shipping operation within the newly proposed
channel and wharf. There was no requirement to include the loading or
unloading of cargo in this report.

2

Consequence Analysis:
The consequence analysis will consider the various possible release events
and their potential to cause fatalities and damage to the environment and
property.

3

Frequency Analysis:
To determine the frequency at which the hazardous events may occur which
includes demonstrating that:
• The event development is valid;
• The failure data used is valid; and
• The frequency of each of the hazardous events has been determined
where applicable.

4

Risk Analysis:
Semi quantification of the risk arising from hazardous events was determined
where applicable.

5

Recommendations
During the process the potential to reduce particular risks through alteration of
operation, procedures or by other means that may become apparent to the
analyst.

Sinclair Knight Merz
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4 HAZARDS OF SHIPPING METHANOL
4.1

Shipping environment

The new Dampier Wharf will have a dedicated shipping channel and will be dredged
to accommodate up to 12m draft (generally 50-60,000 DWT) tankers. Some of the
tankers considered for use have a draft of approximately 11.5m and consideration of
the narrow margin for error has been acknowledged. The new channel will head
northwest from the new wharf for 3.3 nautical miles.
Two vessels are unlikely to be in the same channel at the same time due to its short
length. In addition, all non local vessels require a local pilot (methanol tankers
included) to bring the vessel into the wharf.
Dampier Port Authority monitors vessel movements and ensures that major vessels
in the same area of the port are in communication with each other. All methanol
tankers would be under radar surveillance from the Dampier Port Authority.

4.2

Potential Hazards Associated with Methanol Shipping

This analysis is mainly concerned with the impact of the shipping operations on the
Methanex employees, surrounding environment and population.
4.2.1
Methanol Characteristics
Methanol (Methyl Alcohol) is a clear, colourless flammable liquid (and vapour) with a
faint characteristic alcohol odour. It is a moderate explosion hazard and dangerous
fire hazard when exposed to heat, sparks or flames. It has a boiling point of 65°C
and a flash point of 11°C. Above flash point, vapour/air mixtures are explosive within
6 to 36.5% vol. in air. There is potential for rupture of sealed containers when
heated. Methanol is not sensitive to static discharge as it is not a static accumulator.
Methanol is harmful / life-threatening if ingested or absorbed through the skin.
Excessive heating and/or incomplete combustion will generate highly poisonous CO
and CO2.
In the event of an ignited release, a pure methanol fire may not be visible to the
naked eye.
Methanol is completely soluble in water. However if released into water, it will be
slightly toxic to aquatic life.
4.2.2
Shipping
The majority of the tankers that will be used for exporting the methanol are operated
under time charter to Methanex’s own shipping company. They are built to
Methanex’ specifications, including double hulls and dedicated for methanol service.
The tankers also comply with BCH / ICB codes and IMO standards.
The proposed tanker methanol storage will range between 16 and 45kt and will be
maintained at 25kPa pressure. During loading, vapour is released through high
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velocity valves/vents that are located about 15m above the deck level as per the IMO
standards.
The tankers do not carry any other hazardous bulk cargo other than methanol.
The hazards associated with the proposed method of shipping methanol from the
Dampier Wharf through the channel were found to be:
• Fire / explosion onboard the tanker;
• Collision with another ship;
• Grounding;
• Collision with the wharf;
• Combination of the above events.
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5 SEMI QUANTITATIVE RISK ASSESSMENT (SQRA)
5.1

Hazard Identification

The movement of the tanker to and from the Dampier Wharf through the channel was
analysed in Section 4. The events considered to be hazardous and considered
further are listed in Table 5.1.1.
Table 5.1.1Potential Hazardous Events Examined in Risk Analysis
Event
Ship to ship collision
Grounding
Fire / Explosion onboard
Collision whilst berthing and departing

Release
Methanol (l)
Methanol (l)
Methanol (l)
Methanol (l)

5.1.1
Fire/Explosion
A fire or explosion on board the tanker has the potential to escalate to an event that
may lead to tank rupture whilst a tanker is in passage to and from the loading berth.
Based on the data presented by Brennan and Peachey [9], the potential for a fire or
explosion is estimated here. [9] states that 18 fire/explosion events occurred over
19690 ship-years, which equates to 9.1x10-4 fire/explosion events per year per ship.
The tanker enters the harbour only 87 times per year for the first train and 218 times
per year once the second train is on-line. Therefore the annual fire/explosion
frequency is calculated to be 2.2×10-4 and 5.4x10-4pa, respectively.
These values incorporate all types of fire and explosion events and are considered
conservative due to the number of safety systems onboard the tanker, which would
have to fail to work. Therefore for this event to escalate and result in the release of
methanol the frequency would be very low as the tanks would have to rupture and
the methanol then find an ignition source. This is not considered further.
The potential for an explosion while entering the port is very low because the vapour
in the tanker would be above the level for an explosive fuel / air mixture [11] or would
not contain methanol at all [12]. However if the methanol cargo was to ignite it would
burn itself out. Thermal effects from a fire would be limited to the tanker and
immediate surroundings. If the tanker was to rupture, the methanol would rapidly
diffuse into the water.
Considering the release frequencies are low, and the consequences are very unlikely
to impinge on the wharf, this event is not carried forward for further analysis.
5.1.2

Shipping Collision

5.1.2.1 Collision with the wharf
Collisions with the jetty on departure / or arrival are not likely to have significant
consequences, as the tanker would not be moving with sufficient speed to cause
serious damage. During their approach and departure they will be assisted by
tugboats for such operations.
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5.1.2.2 Severe weather
The possibility of a methanol tanker being damaged while in the port from severe or
cyclonic weather is extremely unlikely due to the procedures in place at the port.
One such procedure includes shutting the port twelve hours prior to gale force winds
hitting the coast. This gives the tankers sufficient warning to avert any potential
incidents. The port will only be reopened once the seas are determined to be safe.
5.1.2.3 Methanol tanker grounding
The port will be monitored and controlled by the Dampier Port Authority, and all the
vessels entering and leaving will be under the control of a local pilot. It is assumed
that the short duration of a ship travelling in the channel greatly reduces the chances
of another vessel being in the channel at the same time.
The only credible scenario in which vessels could come in contact with each other
would be due to propulsion or steering failure of the methanol tanker at the same
time as being in close proximity to another vessel in the channel or harbour.
However, should any of the larger vessels lose steering or power they would be more
likely to run aground prior to colliding with another vessel since their draft precludes
moving out of or turning in the channel.
The grounding of the methanol tanker once propulsion has failed would require the
assistance of the tugboat nearby to also fail. The nature of such an incident is
unlikely to result in methanol tank rupture because of the low speed at which it would
be travelling. This sequence of events resulting in grounding and subsequent release
of methanol is considered to be so low as to not be analysed further.
5.1.2.4 Passing vessel collision
The only scenario to be considered, in which the methanol tankers could collide with
other vessels is if the steering or propulsion system on either the methanol tanker or
another large vessel fails.
Steering failure
The steering on the methanol tanker has redundancy and since it is standard practice
for ships to have emergency steering backup it will be assumed that the other ships
in the harbour also have redundancy. The redundant steering systems on the ships
make the probability of steering failure remote.
In the case that there are two vessels in the channel at one time and both steering
systems fail on one vessel the other vessel should have time to manoeuvre out of the
path of the uncontrolled vessel. In the case that steering failure occurs in both
systems on both vessels the use of support from tugboats based at the Dampier
Wharf would reduce the frequency of a collision happening. The methanol tanker or
any equally large vessel would not be able to drop an anchor in the channel because
there is not sufficient room for the tanker to swing around on the anchor without
running aground. If steering did fail it would most likely fail during manoeuvring when
arriving at or departing the jetty. During this period a tugboat would be in control of
the tanker mitigating any possible consequences. Therefore steering failure will not
be considered further.
Propulsion system failure
If the methanol tanker propulsion system failed it could drift on a collision course with
any of the vessels in the area. Due to the system of procedures in place requiring
tugboats to assist tankers to and from the wharf, a tugboat would be in
communication and nearby if required. However most vessels should be able to
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avoid the drifting tanker and the tanker may run aground. If any of the smaller
vessels’ engines fail they could drift out of the channel and in most cases a tanker
would have sufficient time and manoeuvrability to avoid an incident. Also any small
vessel that has lost their engines would be able to manoeuvre until they slowed
sufficiently to be able to drop anchor, preventing collision with other vessels. It is
assumed the small vessels fail to anchor to 1% of the time and a tugboat is
unsuccessful in preventing a collision 1% of the time for larger vessels.
Two scenarios are considered, one is for the first train of production equal to 2mtpa
and the second scenario is for 5mtpa. The calculation method is shown for the 1st
train and the same method was used for second phase of production but only the
results are reported. Since the tanker will not contain an explosive fuel / air mixture
on its return to Dampier Wharf, it is not deemed a hazard and only the departing
vessel is considered for this event. The results are presented in Table 5.1.2.
Assumptions
The number of methanol exports per year is:
The average tanker payload is:
The average length is:
The departing tankers are in the harbour for 1 hour.
P Propulsion failure =
P anchor/tug fail
=

2mtpa
87
23,000t
186m

5mtpa
218
23,000t
186m

11.4 pa [7]
0.01

Given that the current proposed new wharf is to handle four main exporters, it is
assumed that there will be approximately 280 vessels using the new channel each
year, provided all six projects that have been submitted are approved [10]. It is
assumed they will have a manoeuvring time in the harbour for a maximum period of 1
hour for arrival and 1 hour for departure. These vessels may be used for the export
of ammonia, urea or DiMethylEther. There will be 87 methanol tankers manoeuvring
in the harbour for a maximum of 2 hours.
Therefore the frequency of a methanol tanker visiting or departing the harbour while
a large vessel is travelling through the harbour is:
Fmethanol tanker in harbour
Pl non methanol vessel in harbour
Pmethanol tanker in harbour
Pmethanol and non methanol vessel
fl vessel nearby

=
=
=
=
=

87pa
(280-87 x 2) / 8760
87 / 8760
0.044 x 0.001
87 × 4.37E-4

=
=
=
=

0.044
0.0010
4.37E-4
0.038pa.

Given the probability that the propulsion system fails is 11.4 pa [7], the following
scenarios were considered.
The probability that the methanol tanker propulsion system fails during the 87 hours
per year it is exiting the harbour is:
P propulsion failure 1

=

87 × 11.4 / 8760

=

0.113

The probability that the other vessels’ propulsion system fails during the 386 hours
per year it is in the harbour is:
Ppropulsion failure 2

=

386 × 11.4 / 8760
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Therefore, total probability of a propulsion failure is:
=
=

P total propulsion failure

0.113 + 0.50
0.61

This probability is brought forward to assist in determining the risk of methanol
release due to ship collision.
If the steering fails, the vessel will most likely travel in the direction it was previously
heading prior to the steering failure. It is assumed that this is the case for a drifting
vessel.
If the out of control methanol tanker drifts towards the other vessel the probability of
striking a nearby vessel is the ratio of the combined length of the two vessels and the
perimeter of a circle radius equal to the distance between them.
The vessel separation while in the harbour varies between 1 and 5 N miles. We will
conservatively assume 2N miles is the average separation (ie. 3.7km).
The average length of a large vessel is assumed to be 270 m. The average length of
a methanol tanker is assumed to be 186m [12], therefore their combined length is
456m.
The perimeter length of a circle of radius 3.7km

=
=

2πr
23250m

Therefore
=
=

Pcollision

456 / 23250
0.02

It is assumed that 20% of the collisions are severe enough to penetrate one of the
inner methanol tanks resulting in a significant release of methanol. This assumption
is considered conservative due to the double-hulled vessels used for methanol
transportation [12].
Therefore the risk of methanol release due to ship collision is:
fmethanol release = flvessel nearby × Ptotal propulsion failure × Panchor/tug fail × Pcollision × Pmethanol release
=
0.038 × 0.61 × 0.01 × 0.02 × 0.2
=
9.27 x 10-7pa
Table 5.1.2 Ship to ship collision frequency
Frequency

2mtpa
9.27 x 10-7

5mpta
7.49 x 10-6

This release frequency is very low, coupled with the fact that ignition of a full
methanol tank is unlikely due to the high miscibility of methanol in water. The IRPA
will be considerably less than 10-6 , hence this event is not considered further.
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6 CONCLUSIONS
The risk associated with shipping of methanol through the Dampier Harbour was
determined to be low in comparison to the risks associated with the other areas
involved in the PER. The events considered to have a hazardous potential were:
•
•
•
•
•

Tanker / Vessel collision;
Collision with Wharf;
Grounding;
Fire and explosion;
Combination of the above.

All events other than tanker / vessel collision were found to have a negligible
frequency of occurrence or consequences and were not considered further.

7 RECOMMENDATIONS
No applicable recommendations for reducing the hazard potential of methanol
shipping were identified.
However, in preparation of the Safety Report (QRA) Qest recommend that shipping
hazards be re-addressed to ensure current shipping data is used.
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