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SUMMARY
Environmental impact assessment (EIA) is a process that is used to predict the
potential environmental impacts of developments and to identify and prescribe
mitigating measures to manage these impacts if and when they occur. The
information generated by EIA assists decision-makers responsible for granting or
denying development approval. In Western Australia, EIA has become an
established component of the Government's decision-making process, and is
administered by the Environmental Protection Authority (EPA) under the
Environmental Protection Act 1986.
The central document in environmental impact assessment is commonly known
as an environmental impact statement (EIS), and is prepared by the proponent of
a proposal. An EIS contains a series of predictions that forecast how the proposed
development or action will or will not affect physical, biological and social
environmental components during and following project implementation. In
Western Australia at the time of this audit, three different types of EIS were in
use: notice of intent (NOn, public environmental report (PER), and
environmental review and management programme (ERMP). These names
have since been altered (Environmental Protection Authority 1989).
In recent years, environmental auditing has emerged as a means of examining
the effectiveness of an individual EIA in an attempt to identify ways of
improving the utility and efficiency of future assessments. The aim of this study
was to undertake an environmental audit of a range of artificial waterway
developments in Western Australia, with the following objectives:
- To assess whether the conditions established by statutory bodies for mitigating
the environmental impacts of developments have been implemented and
enforced, and whether they ensured that the environment was protected
<Compliance audit).
- To identify the nature and accuracy of impact predictions, and evaluate the role
of impact prediction in the management of environmental impacts of
developments (prediction audit).
- To use the auditing programme to evaluate the effectiveness of the EIA process
in order to identify areas that could usefully be revised or refocussed (EIA
procedures audit).
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A total of seven artificial waterway developments in WA were examined and
their actual environmental performance compared with that which was
anticipated and accounted for during the EIA process. These seven, referred to as
the 'completed' developments, were: Murray River Waterfront, Waterside
Mandurah, Fremantle Inner Harbour Deepening Project, Mindarie Keys, Ocean
Reef Boat Launching Facility, Sorrento Boat Harbour and Two Rocks Marina. The
Yunderup Canals development was also included in spite of the absence of any
pre-implementation documentation. A further seven projects for which
development had not yet commenced or which had advanced only a short way
were included to increase the sample size for some of the analyses relating to
documentation only. These were: Halls Head Waterways and its revised form
Port Mandurah, Rockingham Marina, Geraldton Foreshore Redevelopment,
Secret Harbour Project, Westport Project, and the proposed extension to
Yunderup Canals.
Compliance Audit
Overall the level of compliance was high, at 63% of 193 individual conditions for
the seven completed projects. This figure includes those environmental
conditions complied with in detail together with those complied with in part and
in effect. The last two categories refer to conditions which were complied with
almost entirely as originally specified, or to the extent that objectives were
achieved but using alternative methods to those specified, respectively. Of the
remaining 72 conditions many (43) were ongoing or not applicable at the time of
the study.
An observation of significance is that while the origin of a condition does not
appear to influence compliance, those conditions which are legally binding are
more likely to be complied with than those that are not. This bodes well for
future compliance given that under WA's present legislation environmental
conditions are now both binding and enforceable.
Prediction Audit
Of the total of 665 predictions, 311 refer to the completed projects. Of these some
145 (47%) could not be audited because of one of several reasons, including
insufficiently precise wording of the prediction (7), changes to the project design
invalidating the prediction (4), predictions being not yet applicable (26), or no or
inadequate monitoring data (108).
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This last category was disappointingly high although it may have been partly an
artifact of the large number of predictions identified. It is also probable that this
figure will be reduced in the future given increased efforts by the EPA at
implementation, monitoring and auditing.
Turning to the 166 auditable predictions, 129 (78%) were accurate, mostly accurate
or accurate so far, while 37 (22%) were inaccurate to a greater or lesser extent.
Various comparisons were made between prediction accuracy and various
prediction characteristics to attempt to explain the reasons for accuracy. It was
found that this approximate 4:1 ratio applied over all comparisons and prediction
accuracy was not associated with any other characteristic of the prediction.
Neither the type of predicted impact, its significance, the wording of the
prediction, nor the basis of the prediction had any significant effect on prediction
accuracy. Other features of predictions were associated, however; predictions
addressing potential impacts in the physical component of the environment
were more likely to be perceived as important, utilise models as the basis for
prediction, and have monitoring programmmes that enabled them to be audited,
than were predictions addressing biological impacts.
EIA Procedures Audit
Some 77 impacts were identified during the study of which 34 were accurately
predicted. Of those that were not accurately predicted, approximately equal
numbers of impacts were the subject of inaccurate predictions (the impact was
predicted not to occur) or were not considered in any predictions. For
management purposes, it may be more important to predict accurately the
significant impacts rather than the minor ones. Of the impacts that were not
accurately predicted, those that represented key issues were more often the
subject of inaccurate predictions, whereas those that did not represent issues
perceived as important were more often not predicted at all. In other words, the
key issues were nearly always highlighted in predictions, although they may
have been predicted not to occur; whereas completely unexpected impacts were
usually in areas not considered key issues during document preparation and
assessment.
The type of management response varied between the two categories of
unexpected impacts, with responses that were determined by existing conditions
applying only to those impacts that were considered but inaccurately predicted.
However, of the impacts that were not considered at all, many had some
management response. These results suggest that, while impact identification
ix

rather than accurate impact prediction may be sufficient for the setting of
conditions, management responses can be arrived at without conditions.
Finally, it is important to be aware of the limitations of auditing before drawing
any conclusions. Audits only check on what is against what was intended or
expected. This point is relevant when it comes to applying the results of the
audits to the wider context of EIA procedures. It can be seen from the outset that
it is not possible for auditing to completely answer the question 'Did the EIA
process work in ensuring the environment was protected?, While it would be
possible to show that unacceptable environmental impacts have occurred in the
presence of procedures that were in place to manage them, and therefore
conclude that the procedures were in some way deficient, it is impossible to
ascribe unequivocally the absence of any impacts to the presence of the
procedures. Similarly, in evaluating impacts, we can say whether the impacts we
have information about are acceptable or are being managed appropriately. We
cannot say anything about areas for which we have no information.
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1 INTRODUCTION
Environmental impact assessment (EIA) is a process that is used to predict the
potential environmental impacts of developments and to identify and prescribe
mitigating measures to manage these impacts if and when they occur. The
information generated by £IA assists decision-makers responsible for granting or
denying development approval. In Western Australia, EIA has become an
established component of the Government's decision-making process, and is
administered by the Environmental Protection Authority (EPA).
The central document in environmental impact assessment is commonly known
as an environmental impact statement (EIS), and is prepared by the proponent of
a proposal. An EIS contains a series of predictions that forecast how the proposed
development or action will or will not affect physical, biological and social
environmental components during and following project implementation. In
Western Australia at the time of this audit, three different types of £IS were in
use: notice of intent (NO!), public environmental report (PER), and
environmental review and management programme (ERMP). These names
have since been altered (Environmental Protection Authority 1989).
The EIS document forms part of the information base available to the EPA who
determine whether or not a project is environmentally acceptable and, if so,
makes recommendations as to appropriate environmental conditions. The
Environmental Protection Authority then reports to the Minister for
Environment. Prior to the proclamation in February 1987 of the Environmental
Protection Act 1986, this EPA report was advisory only, although the
recommendations contained within could be accepted by decision-making
authorities and imposed lJnder their legislation. Since 1987, the Minister for
Environment, informed with the EPA's report and recommendations and in
consultation with other decision-making authorities, including other relevant
Ministers, makes the final decision as to whether the project should proceed, and
establishes appropriate environmental conditions for the prevention and
management of the potential impacts generated by the development.
Considerable time and resources are required to undertake an EIA, and so it is
desirable to have some form of feedback loop in the system that enables a
learning from experience process to occur. In recent years, environmental
auditing has emerged as a means of examining the effectiveness of an individual
)

£IA in an attempt to identify ways of improving the utility and efficiency of
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future assessments. The aim of this study was to undertake an environmental
audit of a range of artificial waterway developments in Western Australia, with
the following objectives:
- To assess whether the conditions established by statutory bodies for mitigating
the environmental impacts of developments have been implemented and
enforced, and whether they ensured that the environment was protected.
- To identify the nature and accuracy of impact predictions, and evaluate the role
of impact prediction in the management of environmental impacts of
developments.
- To use the auditing programme to evaluate the effectiveness of the EIA process
in order to identify areas that could usefully be revised or refocussed.
A total of fifteen artificial waterway developments were examined and their
actual environmental performance compared, where possible, with that which
was anticipated and accounted for during the ErA process. Since all the projects
were of a similar nature and were located in the same general region they could
be expected to give rise to the same range of environmental issues and potential
impacts. The extent to which the issues were addressed during EIA, and the
relevance and effectiveness of management strategies implemented, provide an
indication of the level of feedback occurring in the system.
In this discussion paper we first provide a brief description of the developments
studied. The auditing methodology is then discussed in depth. This section need
not be read in detail to understand the remainder of this paper. The results of the
application of this methodology to the artificial waterway developments is then
presented as a compliance audit and a prediction audit. The final discussion
section integrates the results, leading to an EIA procedures audit.

2

2 THE DEVELOPMENTS
Fifteen artificial waterway developments were analysed during the study. These
ranged from some of the earliest types of artificial waterways in WA, constructed
as early as 1972, to others that were under construction at the time of this
analysis. EIA procedures have varied considerably during this time. The
developments studied included projects that had been constructed before formal
EIA in WA, projects that were assessed under the 1971 Environmental Protection
Act and projects that were assessed under the 1986 Act. Current EIA procedures
provide for several levels of assessment of proposals and all levels were
represented in the developments studied. The projects included several that were
assessed but not subsequently built. These were included to provide a larger
information base on aspects of issue identification and prediction type, although
they could not be audited. Table 1 provides a summary of the environmental
assessment to which the projects were subjected and their development status at
the time of the audit, and a map showing the location of all the developments is
provided in Figure 1.
Seven of the developments were operational or nearing completion at the time
of the audit. These developments are referred to in this study as the 'completed'
developments, and brief summaries of their environmental impacts and
management are presented in this section. The information presented here was
compiled from EIA documentation, monitoring reports, and interviews with key
participants. Individual references are not given in the text for ease of reading,
but full references are provided in the bibliography. The seven completed
developments are: Murray River Waterfront, Waterside Mandurah, Fremantle
Inner Harbour Deepening Project, Mindarie Keys, Ocean Reef Boat Launching
Facility, Sorrento Boat Harbour and Two Rocks Marina. The Yunderup Canals
development was also included, although as there was no pre-implementation
documentation available some of the analyses could not be undertaken.

I'
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II

[N

Name Of Development

Relevant Legislation

Level Of
Assessment

Status At Time Of Audit

Halls Head Waterways

Environmental Protection
Act 1971

ERMP

Revised as Port Mandurah
Project

Murray River Waterfront

Environmental Protection
Act 1971
Town Planning and
Development Act 1928

ERMP

Operational
Completed 1986

Port Mandurah

Environmental Protection
Act 1986

NO!

Not commenced

Waterside Mandurah

Environmental Protection
Act 1971

ERMP

Opera tional
Completed 1986

Yunderup Canals

None

None

Operational
Completed 1972

Yunderup, Stage Two

Environmental Protection
Act 1986

PER

Not commenced

Fremantle Inner Harbour
Deepening Project

Environmental Protection
Act 1986

PER

Under construction
(Nearing completion)

Geraldton Foreshore
Redevelopment

Environmental Protection
Act 1986

NO!

Under construction

Mindarie Keys

Environmental Protection
Act 1971

ERMP

Operational
Completed 1989

Ocean Reef Boat
Launching Facility

Environmental Protection
Act 1971

ERMP

Operational
Completed 1978

Rockingham Marina

Environmental Protection
Act 1971

ERMP

Not commenced

Secret Harbour Project

Environmental Protection
Act 1971

ERMP

Not commenced

Sorrento Boat Harbour

Environmental Protection

ERMP

Operational
Completed 1986

Act 1971
Two Rocks Marina

Agreement between State
and Developer

None

Operational
Completed 1972

Westport Project

Environmental Protection
Act 1986

ERMP

Not commenced

Table 1. Level of Environmental Assessment and Status of the Developments at
the Time of the Audi.t (31 August 1989).
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2.1 Halls Head Waterways and Port Mandurah
The Halls Head Waterways project (Figure 1) was a proposal by Parrys (Esplanade)
Pty Ltd to construct a residential canal based subdivision located on the western
side of the Inlet Channel connecting the Peel Inlet to the ocean. The
development was to consist of a series of interconnected islands within a large
waterbody, connected to the Inlet via two channels. An ERMP was prepared for
the proposal in 1982 which was assessed by the EPA and found to be acceptable
subject to various environmental conditions. A legal agreement with the Town
of Mandurah was prepared but no construction took place.
A revised development, known as Port Mandurah (Figure 1), was proposed in
1988 by Esplanade (Mandurah) Pty Ltd for Stage 1 of the Halls Head site. The
changes from the original Halls Head proposal included changes to canal design
which were thought to have potential environmental implications. An NOI was
called for as a supplement to the original Halls Head ERMP, and a new
assessment made by the EPA in 1989. The proposal was found to be
environmentally acceptable, and at the time of the audit Ministerial conditions
for the development were being set.
2.2 Murray River Waterfront
The Murray River\ Waterfront development (Figure 2) is a low density residential
development located approximately 93km south of Perth between Mandurah and
Pinjarra on the Murray River. The project features a series of curvilinear artificial
waterways connected to the Murray River. The project area occupies
approximately 70ha of which the waterways comprise approximately 21ha. Areas
of public open space are provided, including a playing field and several newly
created foreshore reserves abutting the canals. The development includes retail
and commercial outlets, a community centre, boat fuelling facilities, public boat
ramp, townhouses and approximately 120 residential blocks. The artificial
waterways were completed in 1985 following a twelve month construction
period.
The proponent for the development is Sun Land Pty Ltd. In 1983, following the
preparation of the ERMP and EPA assessment report for this development, the
Town Planning Board refused an application by Sun Land for the subdivision of
the proposed canal estate. The refusal was based on several grounds including the
fact that in its assessment of the ERMP the EPA had advised that the
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development was environmentally unacceptable. The proponent appealed to the
Town Planning Appeal Tribunal (referred to here as the Appeal Tribunal) against
all of the grounds of the refusal to subdivide and the appeal was heard later in
the same year.
During the hearing, the assumptions upon which the ERMP and EPA assessment
report were based were found by the Appeal Tribunal to be unsubstantiated. This
led to further environmental assessment being undertaken for the proposed
development and the results presented to the Tribunal. The outcome of the
hearing was that the Appeal Tribunal found the proposal to be environmentally
acceptable and permitted the project to be implemented subject to various legally
binding conditions.
A water quality monitoring programme was required by the Appeal Tribunal for
three years following the opening of the canals. This programme had been
completed at the time of the audit. The available data indicated that the water
quality of the canals has varied slightly from the predicted levels and the
standards established prior to project implementation, but this variation is not
considered to be significant by the consultants. The waterways, for example,
experience greater stratification, higher nutrient and chlorophyll 'a' levels, and
lower light penetration than that of the Murray River itself. There has been no
measurable effect of the canals on the water quality of the Murray River.
Other impacts were identified from interviews with the Shire of Murray, the
waterways manager for the development. Complaints were received during
construction concerning noise and dust emissions including noise emissions
outside of daylight hours. Complaints have also been received concerning the
noise of boats using the canals and about the behaviour of boat users in both the
canals and the river.
Due to the recent nature of the project and the relatively small amount of
residential development that had taken place at the time of the audit, very few
management issues were identified. The Shire is responsible for removing debris
from the canals which accumulates at the heads of bays under certain conditions.
Access points for manual removal of debris were provided for in the original
design to facilitate this management action.
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2.3 Waterside Mandurah
The Waterside Mandurah development (Figure 2) is a low density residential
subdivision located approximately 1km south of Mandurah. It features a series of
artificial canals linked to the Inlet Channel which connects the Peel Inlet to the
Indian Ocean. The canal waterways cover' an area of approximately 19ha with a
single entrance to the Inlet Channel. The construction of the canals started in the
summer of 1985 and was completed in the winter of 1986. The subdivision
consists of 265 residential blocks of which 166 are waterfront, including 97 on
islands linked to the mainland by bridges. Areas of public open space are
provided within the development including a 50m wide foreshore reserve along
the Inlet Channel and an area around Soldiers Cove proposed to be managed for
conservation purposes. The proponent for the development is John Holland
(Constructions) Pty Ltd. The ERMP prepared for this development was assessed
by the EPA in 1982.
Water quality monitoring commenced in spring 1986. The results of the
monitoring programme indicated that the water quality of the canals has varied
slightly from the predicted levels and the standards established prior to project
implementation, but this variation is not considered to be significant by the EPA.
Occasional algal growth has been recorded inside the canals. An issue raised
during the assessment of the development was that it would adversely impact on
the existing adjacent waterbody. In practice the reverse situation has occurred, as
the canal water quality has been observed to be poor only when the waters of the
Inlet Channel are poor due to algal blooms associated with the Peel Inlet.
Monitoring of fish and crustaceans was undertaken for one year following'
opening of the canals, and it was concluded that the development had no effect
on fish recruitment to the Peel-Harvey estuary or migration through the Inlet "
Channel.
A permanent impact at the Waterside Mandurah development has been the
movement of the saltwater/freshwater interface approximately 200m inland
from its original position towards Dudley Park. There has also been a permanent
loss of terrestrial habitat, including areas of foreshore reserve and samphire flats.
A number of temporary impacts occurred during construction, including noise
and dust emissions. A change in construction technique from dredging to dry
excavation caused some private bores in the nearby Dudley Park area to run dry
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as a result of dewatering operations. This problem was resolved with the aid of
the Waterways Management Technical Advisory Group set up earlier to assess
the impacts of canal developments in the area and to help resolve grievances.
Problems with management of the Waterside Mandurah development have
arisen from the number of departments involved. The EPA report for the
development made reference to nine different Government agencies in addition
to the proponent and local government authority and excluding the departments
responsible for servicing the residential blocks. All of these bodies were intended
to be involved in certain aspects of project management. The large number of
management agencies identified in the ERMP and EPA assessment report for
what is essentially a small development creates confusion as to the body that may
be held responsible for certain duties. In practice, management of various
components of the development differed from that proposed in the
documentation.
This was the case with management of the foreshore reserve. The EPA
recommended that the foreshore reserve be vested in the Local Authority. At the
time of the audit there was no evidence that the foreshore reserve had been
managed as it was originally proposed. The only involvement of the Town of
Mandurah in the management of the foreshore reserve up until the time of the
audit was to authorise the filling of a large portion of this area. On the other hand
it was apparent that PIMA had undertaken to ensure that the reserve was free of
litter and other debris that may have found its way into the Peel Inlet and
connecting channel.
The EPA recommended that the Soldiers Cove Conservation Area be vested in
the Western Australian Wildlife Authority (now the National Parks and Nature
Conservation Authority), an act that was outstanding at the time of the audit.
PIMA have also undertaken an interim management role for the Soldiers Cove
area pending a final decision on long term management and vesting.
2.4 Yunderup Canals and Yunderup Stage Two
The Yunderup Canals development (Figure 2) is a low density residential
development located on the eastern foreshore of Peel Inlet adjacent to the mouth
of the Murray River. The project features a series of artificial waterways arranged
in straight lines connected by a single entrance channel to the Peel Inlet. The
development was constructed in 1972 by the Moscow Norodry Bank and is
currently owned by Peel Waterways Pty Ltd. The project was developed prior to
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the Environmental Protection Act 1971 and was not subject to EIA procedures.
Hence no documentation was available from which to identify predictions or
environmental conditions. A number of water quality problems have occurred at
the development, and a series of proposals to extend the canal system and
improve its water quality have been put forward over the years. The most recent
proposal was submitted to the EPA in 1989 under the title of Yunderup CanalsStage 2 (Figure 1), and was undergoing EPA assessment at the time of the audit.
This proposal involves the excavation of a new curvilinear and wider channel
running parallel to the existing main north-south canal, connected at its
northern end to the existing development and at its southern end to the Peel
Inlet via a new entrance channel. The proposal is intended to provide additional
waterfront residential areas and to improve the flushing of the existing canal
system by provision of a throughflow.
The water quality problems are related and are largely due to the location of the
canals and their design. The canals are situated adjacent to the Peel Inlet with
their long axis parallel to the prevailing winds. Weed that grows in the Inlet in
late spring is blown into the entrance channel to the canals and accumulates
there. This has rendered the channel almost impassable on occasion and the
weed harvesters used in the Inlet have been used to clear the entrance channel.
Accumulated decayed weed has reduced the channel depth considerably and the
canals are now on average 1m deeper than the channel connecting them to the
Inlet. Macroalgae and microalgae also blow into the canals from the Inlet, die and
decompose there. Over the years this has resulted in a thick layer of sediment
sludge accumulating on the bottom of the canals. The sludge is anoxic and
decomposition results in occasional bubbling of hydrogen sulphide gas, causing a
problem with odours. If the bottom sediments are disturbed and rise to the
surface, oxygen depletion in the upper layers of the water can occur, and can
result in fish kills. This has happened fairly frequently in autumn when south- .
easterly winds set up longitudinal spiral currents in the canals.
The water itself is considerably more saline than the Inlet water, becoming more
saline in the summer months, so that the Nodularia blooms that occur in the
Inlet in spring and summeroccur only occasionally in the canals from OctoberNovember. Oscillatoria algae cover the bottom sediments and occasional surface
blooms occur in late summer. The canal waters are vertically stratified with
regard to temperature, salinity and dissolved oxygen, forming a two-layer system.
Exchange of the bottom layer of water with the Inlet is extremely slow, as the
interface between the layers is at the same depth as the entrance channel.
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Apart from the weed harvesting mentioned, little management has been
undertaken at Yunderup to improve the water quality of the canals or their
flushing rate. In June 1989 the entrance channel was dredged to 2m as far as the
lagoon. However, a sill remains between the channel and the canals that had not
been dredged out at the time of the audit.
No single body has been identified for the management of the Yunderup Canals.
This has resulted in a general tendency for no or very little management of the
development to take place. The proponent of the development was required to
supply pumps to provide physical water exchange in the event that the water
quality of the canals deteriorated. However, these pumps have not been used to
date due to the expense of operation and the probability that this management
measure alone will not significantly improve the water quality.
2.5 FremantIe Inner Harbour Deepening Project
The location of the Fremantle Inner Harbour Deepening Project is shown on
Figure 3. This project involved dredging the entrance and part of the Inner
Harbour of the Port of Fremantle by 2m to increase its depth to approximately
13m. This was done in order to allow vessels requiring deep berth facilities to
utilise the harbour, so permitting increased shipping trade. Dredging produced
approximately 1.6 million cu.m. of spoil which was used to reclaim an area of
about 27ha to the north of the North Mole, to be developed as a business park
occupied by private leaseholders. Dredging was carried out by a floating cutter
suction dredge which piped the dredge material directly to the reclamation area.
This area is contained by a seawall to the east and north and incorporates a small
craft harbour. Construction was staged so that the seawall was built out in
advance of dredge spoil deposition in order to contain the turbidity plume
generated at the dumping site. The details of the construction staging were
worked out using a physical model developed at the Centre for Water Research at
the University of Western Australia to generate different scenarios of seawall
construction and dredge spoil deposition with different wave climates.
This project was included since the issues of construction turbidity and its
associated impact on marine ecosystems, water quality in and outside the new
harbour, and construction stage impacts of noise, dust and loss of amenity were
similar to those in the recreational or residential developments. Dredging began
in late 1988 and at the time of the audit the dredging, reclamation and seawall
construction had all been completed but the reclaimed area had not yet been
developed. The proponent for this project is the Fremantle Port Authority which
12

is responsible for ongoing management and maintenance of the project. The PER
for this development was submitted in 1988 and the EPA assessment made in the
same year.
The main impacts recorded from this project so far have been construction stage
impacts. The extent of the turbidity plume generated by rock dumping and dredge
spoil deposition was in excellent agreement with the physical model predictions,
and the plume was almost entirely contained within the new harbour
embayment.
Temporary impacts included loss of amenity to the amateur fishing community
and sightseers during construction of the development, through the closure of
the North Mole, and utilisation of some of the berths in Fremantle Harbour was
also affected. Complaints were received concerning rock trucks travelling to the
site when they deviated from the designated route. A permanent impact has been
the loss of a small beach adjacent to the North Mole.
Water quality monitoring was not required until construction was completed and
had not commenced at the time of the audit. However, pre-construction
monitoring for heavy metals concentrations in sediments had been undertaken.
2.6 Geraldton Foreshore Redevelopment
The Geraldton Foreshore Redevelopment (Figure 1) involves the development
of a 17ha seafront site in the Geraldton townsite, previously used as a railway
marshalling yard, into a recreation and tourist facility and small boat harbour.
The proponent for this development is the Department of Marine and Harbours.
The proposed harbour complex would reclaim some 4.5ha of foreshore and
enclose about 5ha of water with two breakwaters extending 250m from the
shoreline. In addition to the breakwaters, an 80m long groyne is proposed to be
built along with beach renourishing operations south of the harbour to form
swimming beaches. Construction of the southern groyne was underway at the
time of the audit.
An NOI for the development was submitted in 1988 and assessed by the EPA in
the same year.
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2.7 Mindarie Keys
The Mindarie Keys development (Figure 3) is a small boat harbour approximately
13ha in size with a small commercial centre and adjoining residential blocks. The
site of the development is south and immediately adjacent to the Quinns Rocks
townsite. The harbour has been excavated from a natural depression behind the
existing foredunes with a connecting channel to the Indian Ocean, and is
protected from direct ocean swells by two breakwaters that extend approximately
200m out from the original shoreline. The initial stage of the project involved
the construction of the harbour, marina facilities, retail outlets, accommodation
facilities and 460 residential blocks. At the time of the audit the harbour complex
included a marina with pens for 66 boats, boat fuelling area, ferry berth, public
boat ramp and parking for 120 car and trailer units. Additional parking is
provided for approximately 180 cars in conjunction with a hotel and retail
complex abutting the harbour. Areas of public open space, including newly
created beaches, are provided around the perimeter of the harbour. Future
development stages are intended to provide additional boating facilities and
parking areas, recreational areas and further areas of public open space, town
houses and approximately 1540 additional residential blocks.
The proponent for the development is Smith Corporation Pty Ltd. The ERMP
was submitted in 1985 and assessed by the EPA in the same year. Construction of
the development commenced in 1988 and the development was opened to the
public in May 1989.
At the time of the audit, there were no post construction monitoring results
available. However, during interviews with the harbour managers and the
environmental consultants undertaking the monitoring programme at Mindarie
Keys, it was indicated that the water quality of the harbour had not deviated
significantly from predicted levels.
Most of the impacts recorded for Mindarie Keys have been construction stage
impacts, since the development had been open only a short time at the time of
the audit. The residents of Quinns complained about noise and dust emissions
during construction, including noise emissions after daylight hours. Rock trucks
using the local roads also caused problems despite the provision of a special
access road east of the townsite and it was reported that rocks sometimes fell off
the trucks onto the road causing a potential hazard to drivers. Vibrations and
shock waves from blasting operations during construction caused structural
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damage in some Quinns residents properties, and these were repaired at the
proponent's expense.
A turbidity plume in the ocean associated with dewatering operations was
managed by provision of a settling basin under the direction of the EPA.
2.8 Ocean Reef Boat Launching Facility
The Ocean Reef Boat Launching Facility (Figure 3) is a small boat harbour located
at the southern end of a Skm rocky shore of coastal limestone reef which extends
from Mullaloo to Burns Beach. The harbour was located to take advantage of the
groynes that were already constructed at the site of an effluent pipeline. The main
breakwater is approximately 400m long and extends northwest from the northern
groyne, and a shorter breakwater is built out from the existing coast to the north.
The enclosed harbour consists of a narrow channel, mooring piers, and eight
launching ramps. The original concept was for a staged development with
extensive landbacked facilities but so far demand has been limited, especially
since the opening of the developments at Sorrento and Mindarie Keys, and only
the first stage, consisting of access roads, carpark and ablution block, has been
developed.
The proponent for the project is the Department of Marine and Harbours
(formerly the Harbours and Rivers Branch of the Public Works Department) and
responsibility for the facility is divided between this body, which maintains the
breakwaters and havigation aids, and the City of Wanneroo, which is responsible
for the onshore developments including the launching ramps. The facility was
constructed in 1978 and additional launching ramps were added in 1986.
An ERMP was prepared for this project for assessment by the EPA, and Stage 1 of
the proposal was found to be acceptable subject to conditions. No EPA assessment
report was produced, and the database contains information from the ERMP
only.
No monitoring was required for the Ocean Reef development; however, an audit
of impacts was required by the EPA before any further stages are proposed. No
further development has been proposed so far. Some information is available
from other sources. The coastline near Ocean Reef is rocky and sediment
transport up and down the coast is limited. This section of coastline was included
in the sediment transport model used in the Mindarie Keys ERMP, and this
showed that interference by the harbour with coastal processes seems to be
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limited. There is an ongoing problem with sand deposition in the harbour
mouth where there is an energy shadow around the northern breakwater.
Marine and Harbours are responsible for dredging, which is required
approximately-.every three years. No information was available on water quality
within the harbour.
Nearshore reef habitat has been alienated both in the area of the facility and for a
small distance to the north. The abalone fishing community in the area claim
that stocks to the north of the facility have collapsed since the development was
constructed. This could be due to over fishing through increased access or
through modifications to sedimentation patterns, but the cause is not known for
certain.
Off-road vehicle activity is a significant problem in the adjacent coastal land.
Access for off-road vehicles was increased by provision of the facility.
2.9 Rockingham Marina
The Rockingham Marina (Figure 1) was a proposal by the John Holland Group to
develop a 330 berth marina immediately east of the Garden Island Causeway
adjacent to the causeway bridge in Cockburn Sound. The proposal involved the
partial enclosure of 5ha of water by two breakwaters to form the marina, and the
realignment of a section of the adjacent foreshore using the !iredge spoil to enable
the development of land based public and tourist facilities at some time in the
future. A PER for the proposal was assessed by the EPA in 1986 and found to be
environmentally acceptable subject to conditions. However, at the time of the
audit no construction work had commenced.

2.10 Secret Harbour Project
The Secret Harbour Project (Figure 1) was a proposal to construct an inland
harbour on the coast north of Mandurah between the settlement of Peelhurst and
Becher Point. The project would involve dredging an existing interdunal
depression near the coast to create a harbour basin with an area of approximately
32ha, with a connecting channel to the ocean and a system of breakwaters to
allow safe access. Residential, commercial, tourist and recreational development
were proposed. The normal coastal processes of erosion and accretion at the site
were to be controlled by a sand bypass system that continually pumped sand from
the southern side of the entrance channel to the northern side. An ERMP was
prepared for the proposal in 1981 and assessed in the same year. The project was
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approved subject to conditions and a comprehensive monitoring and
management plan prepared by the proponent, but no construction has taken
place to date. The proponent for the development is Secret Harbour Pty Ltd.
2.11 Sorrento Boat Harbour
The Sorrento Boat Harbour (also known as Hillarys Boat Harbour) is a 1000 berth
small boat marina, located immediately north of Sorrento on the western side of
the intersection of Hepburn Avenue and West Coast Highway. The marina
complex is the responsibility of the Department of Marine and Harbours, and lies
within the Marmion Marine Park which extends from Ocean Reef to Trigg
(Figure 3). The marina consists of two breakwaters extending approximately 600m
offshore with an opening to the north. The southern and northern breakwaters
are approximately 1100m and 500m in length respectively. The enclosed
waterbody was dredged to approximately 5m depth and fill from both the
dredging and onshore works was used to construct hard stand areas for land
backed facilities. Four jetty and pen lease areas have been created, each with a
capacity of approximately 250 boats. A four lane boat ramp is provided with
parking for approximately 600 car and trailer units. Additional parking is
provided for approximately 2000 cars. Retail outlets and a function centre are
provided, built on the hard stand areas and extending over the harbour
waterbody on a jetty structure. Other features of the development include a ferry
berth, public swimming beach and boating areas within the harbour and a small
landscaped garden area. The marina was completed and opened to the public
towards the end of 1986 but minor additions and alterations to the internal layout
and design of the project have been ongoing since then.
TheERMP for this development was submitted in 1984 and assessed by the EPA
in 1985. The Authority found the proposal to be environmentally acceptable
subject to compliance with certain recommendations.
At the time of the audit, the only available monitoring results referred to
sampling undertaken in 1987. These stated that there was no significant increase
in pollutant levels compared to the predicted levels. The harbour managers
indicated, during an interview, that no significant long term water quality
problems had occurred up until the time of the audit. A temporary sewage
discharge occurred on 17 January 1988 from a burst pipe and approximately 600
people were cleared from the water and beach within the harbour by the
Department of Marine and Harbours.
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There has been a permanent loss of terrestrial habitat including areas of foreshore
reserve. A certain amount of public beach has been lost in this way, although a
new beach has been provided in the harbour. The development has involved
loss of marine habitat, from construction of breakwaters and dredging of the
marina embayment and connecting channel. The marina has also indirectly
impacted on the aquatic environment as a result of increased human use.
Boyinaboat Reef, for example, was completely fished out by recreational divers
within weeks of the development being opened to the public. The Department of
Conservation and Land Management have since banned spear fishing on the
reef.
Sand has been trapped on the southern side of the harbour and beach erosion has
occurred for about 800m north of the harbour. This was predicted to happen and
the beach has been renourished as set out in the EPA recommendations. Seaweed
has accumulated on the northern side of the harbour during winter storms and
the harbour managers have received complaints about the odours of decaying
weed. Seagrass wrack has entered the harbour on occasion which has required
manual removal in order to prevent it from decaying within the embayment and
degrading the water quality.
A management problem has arisen at the Sorrento Boat Harbour as a result of the
involvement of different bodies. In this case the City of Wanneroo is officially
responsible for the management of areas above the high water mark and the
Department of Marine and Harbours is responsible for areas below this point.
Problems occurred at the development concerning the responsibility for the retail
and commercial outlets that protrude over the waters of the harbour. A division
of management was not considered to be feasible for the retail and commercial
outlets, and in practice the Department of Marine and Harbours has accepted full
responsibility. The Department of Marine and Harbours has also accepted
responsibility for the carparks and areas of public open space in addition to the
waterway itself and the marina facilities for which it was previously determined
to be the responsible body in the ERMP. However, the City of Wanneroo is the
recipient of the rates from the commercial and retail outlets.

i
1

2.12 Two Rocks Marina
The Two Rocks Marina (Figure 3) is a private marina facility located at the
Yanchep Sun City development north of Perth and was built in 1972. The marina
consists of a simple embayment formed by two breakwaters extending out from
the original shoreline. The development was the subject of a legal agreement
19
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(ratified in an Agreement Act) between the State and the proponent, Yanchep
Estates Pty Ltd, in which a number of legally binding conditions were established.
The harbour site is leased by the proponent from the State under a special 21 year
lease which is still in effect. The management body is Two Rocks Marina
Management which is responsible for maintenance and operation of the marina,
although the Department of Marine and Harbours provide advice. The Marina is
primarily a commercial operation, used by rock lobster fishers, although there is
some recreational use by amateur fishers as well.
The marina was constructed before formal EIA procedures were introduced in
W A. Although no formal EIS was prepared, a document was produced by the
proponent in 1971 that was similar in format to an ERMP,setting out design and
construction details, pre-project monitoring and evaluation of potential
environmental impacts. The Agreement Act covered aspects of harbour
maintenance and impacts on the coastline in the immediate vicinity of the
harbour. For the purposes of the audit, the proponent document and the
Agreement were summarised in the same way as the EISs and assessment reports
for the projects that underwent EIA.
The coastline to the north of the marina was eroding at the time the marina was
constructed, and erosion has continued since then. Erosion of the beach for up to
750m north of the marina has occurred at a rate of approximately 20,000cu.m per
year. This has led to undermining of the base of the northern breakwater and
access road, requiring additional armouring of the breakwater and deviation of
the road. Sand accretion has occurred to the south of the harbour at a rate of
approximately 20,000cu.m per year causing siltation of the original fishing boat
moorings.
A major concern at the time the marina was constructed was that the harbour
should not interfere with the natural moorings used by the rock lobster fishers.
The Agreement stated that if this occurred then either the original moorings
should be reestablished or alternative moorings within the harbour should be
provided. The original moorings silted up shortly after the marina was opened
and all commercial fishing boats now use pens provided in the marina under the
terms of the Agreement.
Seaweed wrack accumulates in the area between the North Rock and the South
Rock adjacent to the harbour during the summer and causes a nuisance problem
with odours and flies. In winter months the wrack is scoured clear of this area.
The seaweed gives rise to a dark plume of water that occasionally enters the
20

I

harbour. Gas given off by the decomposing seaweed is blamed by the fishers using
the harbour for discolouring and corroding their boats.
Several studies of coastal processes have been made at Two Rocks. Pre-project
monitoring of sand movement along the coast was undertaken and similar
monitoring was also done a year after the marina opened, including a survey of
water depths at the original moorings. Aerial photo records of sand movement
along the Two Rocks coastline before and after the marina was constructed were
used in developing the coastal sediment transport model for the Mindarie Keys
development. Recently the Two Rocks Marina Management commissioned a
study to investigate engineering options for managing the continuing erosion to
the north and the seaweed accumulation and sand buildup to the south.
No water quality monitoring is undertaken beyond periodic bacterial counts done
by the City of Wanneroo Health Department. There have been no reported
problems with water quality beyond occasional fuel and oil spills.
2.13 Westport Project
The Westport project (Figure 1) was a proposal by Delta Holdings Pty Ltd. to
construct an inland harbour and canal complex located 7km south of
Rockingham and connected to Warnbro Sound. This proposal was Stage 2 of the
proponent's overall plan to develop approximately 262ha of land to provide a
major residential development focussed on an artificial waterway, and would
involve excavation of the waterways and construction of the entrance channel to
Warnbro Sound. An ERMP was prepared for the proposal which was assessed by
the EPA in 1987 and found to be environmentally acceptable subject to various
recommendations. Ministerial conditions were set but at the time of the audit no
construction work haq commenced.
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3 METHODOLOGY OFTHE STUDY

Environmental auditing is a relatively new concept with few reported results
available. The outcomes of previous auditing studies have been summarised by
Munro et al. (1986) and Tomlinson and Atkinson (1987b). Other literature worthy
of mention includes Bisset (1984), Buckley (1989), Culhane et al. (1987), and Sadler
(1987). Most studies have focussed on the nature and accuracy of impact
predictions.
There is to date no standard methodology for auditing although recently
Tomlinson and Atkinson (1987a) have proposed a standardised terminology,
which we use, in modified form, in this study. Three of the seven specific types of
audit proposed by Tomlinson and Atkinson were identified as appropriate to the
present study. These three may be defined in the following ways:
Compliance Audit: Compliance audits determine whether or not EIS
commitments and conditions set by the decision-makers or environmental
agency were implemented. They serve to 'police' individual projects and
determine the effectiveness of the environmental performance of project
managers. They are also known as implementation audits (Tomlinson and
Atkinson 1987a).
Prediction Audit: This type of audit assesses the accuracy and utility of impact
prediction by a comparison of actual project consequences with those that were
predicted. This process has also been referred to as a predictive techniques audit
(Tomlinson and Atkinson 1987a). Monitoring data is used to undertake the audit.
A prediction audit may also indicate areas of information deficiency and
shortfalls in monitoring schemes.
EIA Procedures Audit: This is an examination of the performance of ErA
procedures at a macro level. ErA procedures provide the framework within
which assessments of individual projects are conducted. An ErA procedures audit
determines how effective the procedures were and identifies possible
improvements.
The methodology of this study was an extension of that described in Bailey and
Hobbs (in press), and is described here as it was applied to the artificial waterway
developments. The 'methodology is closely related to the ErA process in Western
Australia. The main stages of project development and assessment in the WA
EIA process can be summarised as: project design; project assessment by the EPA;
22

project implementation subject to voluntary and imposed environmental
conditions; and monitoring and management of environmental impacts. These
stages are summarised in the documentation produced by the proponent (ERMP,
PER or NOI; monitoring reports) and the EPA (assessment report). The
methodology therefore involved extracting information from this
documentation in a standardised form so that it could be stored in a database and
subsequently analysed.
The ERMPs, PERs and NOIs were examined to extract statements concerning
aspects of project design (known as actions), voluntary commitments regarding
mitigating measures, and predictions of environmental impacts. The EPA
assessment reports were examined to extract any additional predictions made by
the EPA, Government agencies or members of the public. In addition to the
proponent's voluntary commitments, environmental conditions were also
obtained from the EPA's assessment reports, from the statement issued by the
Minister for Environment authorising project implementation subject to
conditions (of relevance only after February 1987), and occasionally from other
sources; e.g. Town Planning Appeal Tribunal decisions. Care was taken to
distinguish between legally binding conditions and those not binding. Thus,
under the present legislation both the proponent's commitments and the EPA's
recommendations are transformed into binding conditions by the Minister's
statement (i.e. Ministerial conditions). However, prior to 1987 such
commitments and recommendations remained voluntary or advisory only
unless made legally binding under other relevant legislation.
The actions, conditions and predictions were entered into database files of the
same names. In this way these three files effectively summarise the ErA process
prior to the project implementation stage.
Data to address the issues raised by the en tries in the actions, conditions and
predictions files and to conduct the audit was obtained from monitoring reports,
management plans, annual reports, site visits and consultation with the key
participants involved in the projects. Numerous interviews were conducted
during the study, involving representatives from proponents, project managers,
conservation groups, local government authorities, the EPA and Government
departments. The actual environmental impacts of each project were also
derived from this data, and entered into a fourth file, impacts. Figure 4 is a
schematic representation of the four files in relation to the EIA process in W A.
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PROJECT DESIGNED
potential impacts identified
baseline monitoring begins

EIS PREPARED
predictions of project
consequences

- - - - I CONDITIONS FILE

EPA ASSESSMENT
recommendations made

- - - - I PREDICTIONS FILE

ACTIONS FILE
PREDICTIONS FILE

CONDITIONS FILE

PROJECT IMPLEMENTED
SUBJECT TO CONDITIONS
impacts occur
management response to impacts

IMPACTS FILE

Figure 4. EIA Process in Western Australia and the Database Files.
The details of each of the database files are given in Figures 5 to 8. Every action,
condition, prediction or impact forms a separate record, each record consisting of
several fields. The files include both extensive memo type fields to store detailed
information and summary fields to categorise the record.
A number of database fields appearing in two groups, at the beginning and end of
the files, are common to all four files. The first field in each file, for example the
Action Key, is a unique identification code given to each record in the file.
Provision of a Key field allows for searching and identification of individual
records. The Reference field is common to the actions, conditions and
predictions files and indicates the ErA document and the specific page from
which the record was drawn.
Each file contains a field, for example Condition Description, that describes the
particular action, condition, prediction or impact for each record, in a
summarised form. For the actions, conditions and predictions files, the original
wording in the ErA document was used wherever possible to maintain
consistency and avoid personal interpretation. This was of particular concern in
the predictions file where factors such as the probability of an impact occurring
were derived from the wording of each prediction. The description of each
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impact in the impacts file was derived from a variety of sources. Some impacts
were described in monitoring reports and annual reports for the developments.
Information regarding many of the impacts was obtained from interviews with
the key players involved in the operation and management of the four
developments, while other impacts were apparent from site visits and personal
observation. Impacts were also identified from accurate predictions, in a manner
that is discussed full y in section 3.5.
The Datasource field, common to all files, records the source of data for the audit
information contained within each record. This field appears near the beginning
of the impacts file and identifies the source of information for the entire file.
Unlike the Reference field Datasource includes data obtained from interviews
and by site inspection in addition to written information.
The Comments field, the final field in all four files, provides an opportunity to
include any additional information about individual records that is not covered
by the other fields.
3.1 Actions File
The actions file (Figure 5) summarises the particular actions proposed by the
proponent in their documentation for constructing and operating the
development and records whether it was built as described. An action was
regarded to be any specific component of the overall design. This includes project
location, waterway dimensions and layout, supply of services, construction
techniques and land transfer agreements.
The Action Subject for each record was drawn from a standardised. list
comprising the following:
- Concepts: General development concepts such as project location,
architecture and landscaping.
- Layout: Development layout within the project such as the location of
roads, foreshore reserves and commercial and residential areas.
- Design: Detailed design of specific project components such as breakwaters
or canal walls, harbour or canal width and stormwater disposal design.
- Construction: Specific construction techniques and controls such as for
blasting, dewatering, staging and timing.
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Services: Provision of standard services to residential and commercial
areas within a development such as electricity supply, water supply and
sewage disposal.
- Management: Management functions such as land transfer agreements,
zoning and identifying management bodies responsible for performing
certain duties.

ACTIONS FilE
Action Key
Reference
Action Description
Action Subject
Design Change
o Yes
Df\b
No Information
Not Applicable Yel
No Longer Applicable

o
o
o

Design Change Description
Datasource
Comments

Figure 5. Actions File.
Only one subject was assigned to each record based on the key point of the action.
In this way the total number of individual actions could be divided exactly into
the six categories to allow comparison to be made between different categories.
Design Change indicates where the project as implemented differs from the
project as proposed in the ERMP or PER. Project design changes may prevent
predictions from being audited. Five responses under the Design Change field
are possible. In addition to the Yes or No categories which simply indicate
whether there was a design change for a particular record there is a No
Information category to account for the actions for which no data was available
and two categories relating to project timing. Not Applicable Yet refers to actions
that have not eventuated yet but may do so in the future. No Longer Applicable
is used for projects that have ei ther been cancelled altogether or have been
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resubmitted in a new format, thus rendering the original EIA document
obsolete.
3.2 Conditions File
The Conditions file (Figure 6) summarises all of the environmental conditions
associated with the project. These conditions include those imposed under the
Environmental Protection Act or other legislation, and voluntary commitments
by the proponent. The file records compliance with these conditions, enabling
compliance auditing to be carried out. Conditions may include commitments for
impact mitigation associated with a particular action, changes to the proposed
design, changes to construction techniques and imposition of controls, and
commitments for ongoing monitoring and management.
The Condition Subject for each record was drawn from a standardised list
comprising the following:
- Concept: Controls or changes to the general concept of the proposed
development.
- Layout: Controls or changes to the layout of the proposed development.
- Design: Controls or changes to specific elements of the proposed project
design.
- Construction: Controls or changes to the proposed construction methods
and timing.
- Services: Controls or changes to the proposed supply of standard services
to commercial and residential areas within the development.
- Management: Management commitments such as contingency planning,
monitoring programmes and maintenance requirements.
- Water Quality: Water quality criteria that the artificial waterways should
conform with.
- General Recommendation: General recommendation about the proposed
development. This generally states that the project may proceed subject to
various conditions.
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CONDITIONS FILE
Condition Key
Reference
Condition Description
Condition Subject
Origin of Condition
[J
[J
[J
[J

Ministerial Condition
EPA Recommendation
Voluntary Commitment By Proponent
Other

Legal Status
[J
[J

o
o

Ministerial Condition
Otherwise Binding
Not Binding
Not Set Yet

Who Responsible
Compliance

o
[J
[J

Yes In Detail
Yes In Part
Yes In Effect

ONo

o
o

Not Relevant
No Information

Present Status
[J
[J
[J
[J
[J

Completed
Ongoing
Not Applicable Yet
Redundant
No Information

Datasource
Comments
Figure 6. Conditions File.
Only one subject was assigned to each record based on interpretation of the key
point of the condition. In this way the total number of individual conditions
could be divided exactly into the eight categories to allow comparison to be made
between different categories.
The Origin of Condition field indicates the body that proposed each condition.
The options distinguish among voluntary commitments made by the proponent
in the EIA document, EPA recommendations, additional conditions contained in
the Minister's statement, and finally Other conditions. The latter subset refers to
conditions imposed by the Town Planning Appeal Tribunal in the case of the
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Murray River Waterfront development and conditions included in the
agreement between the proponent of the Two Rocks Marina and the State.
The Legal Status field records whether the condition was legally binding under
the Environmental Protection Act 1986 (i.e. Ministerial Condition), legally
binding under other legislation, or not legally binding. This last option is of most
relevance to projects assessed prior to the present Act coming into effect. The
option of Not Set Yet covers those proposals that were undergoing assessment at
the time of the audit.
The Who Responsible field indicates the agency or management body
responsible for undertaking the requirements of each condition.
The Compliance field records the extent of compliance by the responsible body
with each condition at the time of the audit. There are six possible classes of
response in this field, including four classes of Yes and No. Yes In Detail and Yes
In Part provide a measure of management compliance with the specifications in
the original document. Yes In Effect refers to management which achieved the
same objectives for a particular condition but utilised a different method or
procedure from that specified. Not Relevant covers conditions for which
compliance was not relevant at the time of the audit, due to the condition being
either ongoing, not applicable yet or redundant; while No Information refers to
conditions for which compliance could not be established due to lack of
information.
The Present Status field summarises the status of the condition at the time of the
audit. Completed refers to conditions that have been complied with (or not) and
are no longer being undertaken. This field is associated with the Yes and No
categories in the Comp.1iance field. Three categories cover those conditions for
which the Compliance category is Not Relevant. Ongoing refers to conditions
being undertaken at the time of the study, Not Applicable Yet refers to conditions
that will become relevant in the future, and Redundant refers to conditions
rendered obsolete either due to a design change or because the project did not
proceed. Finally, the No Information category is associated with the No
Information category in the Compliance field.
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3:3 Predictions File

The Predictions file (Figure 7)· summarises the predictions made by the
proponent; EPA, Government agencies or the public and records the
characteristics of each prediction and its accuracy. A prediction is regarded to be
any. statement that predicts a change or no change to any part of the biophysical
or social environment as a result of project implementation. All predictions are
treated equally in the file except. in cases where fields are created to rank
predictions in some way according to their content. Hence a potential impact that
was predicted not to occur (resulting in no change in the environment) was
given equal treatment to those impacts predicted 'to occur as a result of project
implementation.
The fields in the predictions file can be broadly subdivided into five categories:
fields that provide general information about each prediction; give a detailed
description of the predicted impact; describe the prediction itself; indicate the
basis of the prediction; and audit the prediction. The following divisions are
therefore discussed in turn: General Information, Description of Predicted
Impact, Description of Prediction, Basis of Prediction, and Prediction Audit.
General Information
There are six fields in the predictions file that provide general information about
each record. In addition to the (Prediction) Key, Reference, (Prediction)
Description, Datasource and Comments fields described previously, the Predicted
By field indicates the origin of each prediction. The three options distinguish
between predictions made by the proponent, the EPA, and ,other bodies involved
in the EIA process. The latter category includes predictions made by members of
the public or Government agencies which are included in EPA. assessment
reports in summarised form and Appeal Tribunal predictions in the case of the
Murray River Waterfront development.
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PREDICTIONS FilE
Prediction Key
Reference
Prediction Description
Predicted By
C

Propanenl

a

EPA
[] Other

DEOCRIPTON a:
PREDICTED IMPACT

Envlronmontal Component
D Physical
C Biological
C Social

Prediction Subject
Impact Order

'"[] >,
Development Phase
CI Construction
C Operation
[J Both

Issue Category

[],

c

2

"

3

Nature Of Impact
[] Adverse
C Beneficial
C Neutral

DESCRIPTION OF PREDICTION

Timescale Given
[] Yes
CNo

Timescale
Nature Of Prediction

C

QUalitative

[] Quantlla!lve
Prediction Probability
C Certain Not To Occur
C Low
['J Medium
[J High
C Certain To Occur
1:1 Impossible To Assign

BASIS OF PREDICTION

Scale Of Prediction

""
[]
[]
C
C

2
3
4
Inevitable From Design
Impossible To Scale

Predictive Method Used

PREDICTION AUDIT

Audllable In Practice
eYes

eNo
Not Audltable Because..

a

Not Auditable In Theory

C Projec1 Did Not Proceed

a

Project D6sign Change

tJ AssulT'Plions Do Not Apply
D No DatailnsuHlcient Data
[] Not Applicable Yet

Accuracy Of Prediction
['J

Accurate

C Mostly Accurate
D Accurate So Far
D Inaccurate
C MosUy Inaccurate
C 1naccurate So Far

Datasource
Comments

Figure 7. Predictions File.
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Description of Predicted Impact
There are six fields that describe the nature of the predicted impact:
Environmental Component, Prediction Subject, Impact Order, Development
Phase, Nature of Predicted Impact and Issue Category.
The Environmental Component field divides predictions into the three main
environmental components, Physical, Biological and Social, based on the
component of the environment that the predicted impact would primarily affect.
These categories are usually discussed individually in the ERMP. The Prediction
Subject field is used to divide predictions into more specific categories within the
three broad environmental components. In this study, the Physical component
was divided into the categories: Physical Processes, Water Quality and
Groundwater; and the Social component into Human, Economic and Recreation
categories. The Biological component was not divided because no further
distinctive categories were identified for artificial waterway developments. An
auditing study of a different development type may find it useful to divide the
Biological component. Definitions and examples of each of the prediction subject
categories are as follows:
- Physical Processes: Impact of the proposed development on existing
physical processes in the vicinity of the project site such as sediment
transport, beach erosion and wave energy.
- Water Quality: Impact of the proposed development on the existing water
quality of waterbodies in the vicinity of the project site and in the artificial
waterway itself. This can be caused by changes to the existing processes
that contribute to water quality such as mixing and flushing, and the
input of factors such as nutrients and heavy metals.
- Groundwater: Impact of the proposed development on the existing
groundwater resources in the vicinity of the project site such as
movement of the saltwater/freshwater interface, groundwater
contamination and groundwater levels.
- Biological: Impact of the proposed development on the existing biological
environment in the vicinity of the project site such as loss of habitat at
the site and changes to aquatic ecology in the natural waterways adjacent
to the project.
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- Human: Impact of the proposed development on the existing social
environment adjacent to the project site such as the noise and dust
emitted during construction, traffic congestion during operation of the
development and changes in lifestyle.
- Economic: Impact of the proposed development on existing commercial
interests in the vicinity of the project site such as loss of revenue for
commercial fishing industries, and the establishment of new spin-off
industries or employment for construction workers.
- Recreation: Impact of the proposed development on existing recreation in
the vicinity of the project site such as the loss of public swimming
beaches, and provision of new forms of recreation such as boating
facilities.
As for the actions and conditions files only one subject was assigned to each
record based on interpretation of the key point of the prediction. This enables a
comparison to be made of the number, nature and relative accuracy of
predictions of different subjects.
The Impact Order field differentiates between first order impacts and higher
order impacts. A first order impact (Order 1) is one in which the impact results
directly from an action, whereas a higher order impact (Order >1) is one that is
mediated through another impact on the same or different component of the
environment. An example of a first order impact is construction noise which
only affects local residents and local fauna. Examples of higher order impacts are
fish deaths, impacts on aquatic ecology, and losses to commercial fisheries as a
result of a severe reduction in water quality. Except where it was explicitly stated
in the prediction, order was determined by interpretation of the nature and
implied consequences of the predicted impact.
The Development Phase field has three options that distinguish between impacts
predicted to occur during construction or operation of the development or both.
Two fields in the predictions file assess the significance of the predicted impact.
The Issue Category field rates the importance of the predicted impact as perceived
by the EPA at the time of assessment, and the Nature of Impact field records its
adverse or beneficial nature as perceived by the author of the prediction (usually
the proponent). It is important to note that both these fields were derived from
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interpretation of the EIA documentation, not from our interpretation of the
significance or nature of the predicted impact.
The Issue Category field is used to determine the extent to which each prediction
addresses key issues within individual projects. The key issues for each
development were drawn from the EPA assessment report, and were based on
the points identified and highlighted by the EPA as being important or
significant at that time. This included all issues for which the EPA made
recommendations and other issues stated to be of particular concern in the
supporting text. A list of key issues was established for each of the artifiCial'
waterway developments and the predictions for each development were
examined individuaUy to determine the extent to which they addressed a key
issue identified for that project. Predictions were assigned an issue category rating
of 1, 2 or 3. The following scale was used:
- Issue Category 1: Prediction directly addresses a key issue
- Issue Category 2: Prediction indirectly addresses a key issue
- Issue Category 3: Prediction does not address a key issue at all.
The Issue Category field gives a direct rating of importance to each prediction.
Without this rating all predictions would be considered equally. The auditing
process was considered to be more useful if the nature and accuracy of
predictions for issues that the EPA cons1dered to be important at the time of
project assessment could be singled out.
The Nature Of Impact field is used to rate the effect of each predicted impact as
perceived 'by the author of the prediction. Each prediction is given one of three
possible ratings: a potential impact can be considered to be either Adverse,
Beneficial or Neutral. Where the author of the prediction stated explicitly
whether the impact would be adverse or beneficial, these ratings were used.
Otherwise, Adverse impacts were defined as those that would cause a
deterioration, or a change that was not stated to be beneficial, in the existing
environmental quality for that component of the environment. Neutral impacts
were defined 'as those impacts that would result in no change in environmental
quality. (For example, many predictions stated that a development would have
no impact on water quality in the adjacent waterbody.)
This method of assessing the significance of predictions does not attempt to
consider possible advantages or disadvantages resulting from the predicted
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impact in components of the environment different from that of the impact. The
definition focuses on the nature of the potential impact without taking into
account the probability of the impact occurring or not occurring.
Description of Prediction
There are four fields in the predictions file that describe the nature of the
prediction itself.
The Timescale Given? field identifies predictions where the predicted impact is
given a time period during which the impact is expected to occur. For predictions
with a response of Yes in this field the actual timescale in which the impact is
expected to occur is recorded in the Timescale field. This field records the time
period in which the impact is predicted to occur as expressed in the wording of
the prediction. Timescales were not required to be expressed in standard units of
time.
The Nature Of Prediction field differentiates between quantitative and
qualitative predictions.
The Prediction Probability field gives the probability that the impact, as worded
in the prediction, will occur. Prediction probability is derived from interpretation
of the original wording used in the EIA documentation. The categories cover a
range of probability from potential impacts that are considered Certain Not To
Occur through to those considered to be Certain To Occur. Prediction probability
gives an indication of the confidence that the prediction author places in the
prediction, and allows comparisons to be drawn between this and other features
of predictions such as prediction accuracy.
Basis of Prediction
The Scale of Prediction field records the basis of each prediction in the file. There
are six options available for scaling a prediction derived from the technique on
which the prediction was based. Where predictive method was not explicitly
stated in the text, it was assumed to be that discussed in the relevant part of the
technical appendices to the ERMP or PER. The following definitions were used:
- Scale 1: Based on a general knowledge of the subject.
- Scale 2: Based on general knowledge of the subject plus local experience
or literature review.

35

- Scale 3: Actual site data; or models of the system under study which have
been verified elsewhere, for example a laboratory or mathematical modeL
- Scale 4: Models of the system under study which have been verified in
the system itself, for example by onsite sediment tracking or aerial
photography.
- Inevitable From Design: The impact was an inevitable consequence of
building the project as proposed; for example, loss of habitat caused by
blasting of reefs to allow the passage of boats.
- Impossible To Scale: It was impossible to determine on what basis the
prediction was made. This was often the case for predictions contained in
the EPA assessment report, where no information was supplied.
Details of the actual technique used (for Scales 2-4) are recorded in the Predictive
Method Used field. Scale of Prediction is intended to provide an objective
measure of the confidence that can be placed in a prediction, by ranking it
according to the knowledge base used in its formulation. A comparison of Scale
of Prediction with prediction accuracy allows the effectiveness of predictive
techniques to be evaluated.
Prediction Audit
There are three fields in the predictions file that record the auditability of
predictions.
The Auditable In Practice field records in a Yes/No category whether a prediction
was able to be audited.
The Not Auditable Because .. field records the reason why a prediction is not
auditable in practice and is used only for the predictions that had a rating of No
in the Auditable In Practice? field. The six available options in the Not Auditable
Because.. field are as follows:
- Not Auditable in Theory: This is determined by the vague wording of the
prediction. No amount of data would allow a prediction that is
inauditable in theory to be validated or invalidated.
Project Did Not Proceed: The project was abandoned prior to
im plementation.
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- Project Design Change: Predictions were invalidated as a result of a
change in project design.
- Assumptions Do Not Apply: Certain environmental conditions must
exist for the predicted impact to occur, and had not existed by the time of
the audit.
- No Data/Insufficient Data: Predictions could not be validated or
invalidated due to a lack of sufficient data. Failure to conduct monitoring
programmes would obviously lead to a complete lack of auditing data. If
post-project monitoring programmes are performed but pre-project
baseline data was not collected then there may still be insufficient data to
audit predictions.
- Not Applicable Yet: Sufficient time has not elapsed for the predicted
impact to occur. This category is only relevant to predictions that actually
specify a timescale.
The Accuracy Of Prediction field assigns a category of accuracy to all predictions
that had a rating of Yes in the Auditable In Practice? field. The six categories of
accuracy in the Accuracy Of Prediction field are as follows:
- Accurate: There are two ways in which predictions could be considered to
be Accurate, based upon the timescale of potential impacts:
1. The timescale was unspecified and the impacts that were predicted to

occur had occurred.
2. The timescale was specified and had elapsed and either, impacts that
were predicted to occur had occurred, or impacts that were predicted
not to occur had not occurred.
- Mostly Accurate: This category is the same in all respects to the Accurate
category except that the observed impact was mostly accurately predicted.
- Accurate So Far: This category accounts for predictions in which the
timescale was unspecified and impacts were predicted not to occur and
had not occurred.
- Inaccurate: As for the Accurate category there are two ways in which
predictions could be considered to be Inaccurate, based upon the timescale
of potential impacts:
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1. The timescale was unspecified and the impacts that were predicted
not to occur had occurred.
2. The timescale was specified and had elapsed and either, impacts that

were predicted not to occur had occurred, or impacts that were
predicted to occur had not occurred.
- Mostly Inaccurate: This category is the same in all respects to the
Inaccurate category except that the observed impact was mostly
inaccurately predicted.
- Inaccurate So Far: This category accounts for predictions in which the
timescale was unspecified and impacts were predicted to occur and had
not occurred.
The six categories of accuracy were considered to be adequate to account for all
possible outcomes of predictions.
The inclusion of the Mostly Accurate and Mostly Inaccurate categories makes it
possible to assess the overall success of a complex prediction, or a prediction that
has been affected by project design changes but is still auditable. The predictions
that fall into the Accurate So Far and Inaccurate So Far categories may receive a
different category of accuracy if they are audited again when more time has
elapsed, since they are based on an impact not occurring and it may subsequently
do so.
3.4 Impacts File
The Impacts file (Figure 8) summarises the environmental impacts that have
occurred as a result of the developments, and records the management response
to them. An impact was defined to be any change to any part of the biophysical or
social environment as a result of project implementation. Since one focus of the
study was on the management of potentially adverse environmental impacts
resulting from developments, no attempt was made to specifically seek out any
beneficial impacts.
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IMPACTS FILE

Impact Key
Datasource
Impact Description
Environmental Component
(] Physical
(] Biological
(] Social

Impact Subject
Development Phase

o Construction
(] Operation

Issue Category
(] 1

(] 2

Predictive Success
(] Accurate Prediction
(] Inaccurate Prediction
o Not Predicted

Response To Observed Impact
(]
(]
(]
(]

Not Required
As In Conditions
Other
None

Response Description
Comments

Figure 8. Impacts File.

The impacts file may be seen as an extension of the predictions file, and so the
fields and categories used in the impacts file are similar to those in the
predictions file. (The relationship between the two files is discussed in detail in
section 3.5.) The impacts file contains fields that: provide general information
about the impact; give a description of the impact; describe the importance of the
impact; record the success with which the impact was predicted; and record the
management response to the impact. The following broad divisions are
discussed in turn: Description of Impact, Importance of Impact, Predictive
Success and Management Response to Impact.
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Description of Impacts
There are three fields that describe the type of observed impact: Environmental
Component, Impact Subject and Development Phase.
The Environmental Component field classifies the impact by the component of
the environment, Physical, Biological or Social, that it primarily affects. The
Impact Subject field uses the same subject categories as those in the Prediction
Subject field of the predictions file: Physical Processes, Water Quality,
Groundwater, Biology, Human, Economic, and Recreation. As for the actions,
conditions and predictions files, only one subject was assigned to each record
based on interpretation of the key point of the impact. This enables a comparison
to be made of the number, nature, predictive success and the management
response to impacts of different subjects.
The Development Phase field records whether an impact occurred during
construction of the development or during its operation. Unlike the
corresponding field in the predictions file, it was not found useful to include a
Both category. Impacts occurring in a single point of time can be easily identified
precisely as either Construction or Operation. Impacts that actually occurred
during the construction phase and continued into the operation phase were
invariably found to represent permanent changes associated with the
developments and it was considered that these were best assigned the category of
operation only. Some examples of these types of impacts include visual changes
to the landscape and loss of reef habitat from breakwater construction and
dredging operations.
Importance of Impacts
The Issue Category field for the impacts file is similar to that of the predictions
file. It is used to record the number of observed impacts that relate to a key issue
identified for individual projects. The same list of key issues, drawn from the
EPA assessment reports for each artificial waterway development, was used for
the impacts file as that described previously for the predictions file. This was
done by matching the subject or environmental component of each impact,
previously determined in the Impact Subject field of the database, against those of
the list of key issues for that development. As before, this method of rating
impacts highlights the areas that the EPA considered to be important or
significant at the time of their assessmen t.

40

Impacts were assigned an Issue Category rating of 1 or 2. The following scale was
used:
- Issue Category 1: Impact represents a key issue
- Issue Category 2: Impact does not represent a key issue at all.
Only two scales of Issue Category were used to rank impacts, unlike predictions,
since impacts were not considered to be able to be indirectly related to a key issue.
The Issue Category field provides a direct rating of importance of each impact.
However, it should be remembered that this importance rating is assigned to the
impact on the basis of its relationship to the issues that the EPA considered
significant at the time of their assessment. It does not necessarily, therefore,
correspond to the severity or significance of the impact in practice.
Predictive Success
One field in the impacts file, Predictive Success, records the success with which
individual impacts were predicted. The possible categories are:
- Accurate Prediction: Impacts were the subject of an accurate prediction; in
other words, the impact was predicted to occur and did. These impacts
have a corresponding prediction in the predictions file.
- Inaccurate Prediction: Impacts were the subject of an inaccurate prediction.
There are two possible ways for this to occur. Either an impact was
predicted not to occur but subsequently did, or an impact was substantially
different from that forecast and hence the prediction received a rating of
Inaccurate. These impacts also have a corresponding prediction in the
predictions file.
- Not Predicted: Impacts were not considered at all in the predictions
included in the EIA documents, and therefore have no corresponding
predictions in the predictions file.

In addition, the category No Predictions Made was used in this study to account
for the impacts recorded from Yunderup Canals, since there was no pre-project
documentation available.
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Management Response To Impacts
The Response To Observed Impact field is used to record the management
response to observed impacts. The field provides four possible choices, as follows:
- Not Required: This category included impacts that were identified as
being a change from the original environment, but for which a
management response was not required. This could be either because the
impact was intentional as an inevitable component of project design, or
because it was not serious enough to warrant any management response.
Impacts that would potentially require a response in the future, such as
minor changes in water quality that might subsequently worsen and
become unacceptable, are also included in this category. These impacts
might or might not have responses outlined in conditions.
- As In Conditions: The management response undertaken by a project
management body was outlined by an environmental condition set
during project assessment.
- Other: The management response undertaken by a project management
body was not previously outlined by an environmental condition.
- None: there was no response to an observed impact by a project
management body but the impact was such that it was recognised by
management bodies as severe enough to warrant some form of action.
The Response Description field provides an opportunity to record the actual
management response to observed impacts. This field was only relevant to
impacts falling into the Other and As In Conditions categories for the Response
To Observed Impact field as the remaining categories concern impacts for which
no management action was undertaken.

3.5 Interactions Between Files
The four database files have been designed to complement each other and allow
association between files. The possible interactions among the four database files
are depicted in Figure 9 and described in detail below.
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ACTIONS PILE

CONDITIONS
PILE

IMPACTS PILE

Figure 9. Interactions Between the Database Files.
The actions file contains fields that relate to fields in both the conditions and
predictions files but not to the impacts file. Similarly, the impacts file contains
fields that relate to fields in both the conditions and predictions files. These four
interactions will be discussed in turn.
The actions file is implicitly associated with the conditions file through the
conditions, if any, that are associated with particular actions. The actions file may
be associated with the predictions file through the relationship between two
fields: the Design Change field in the actions file and the Not Auditable Because ..
field in the predictions file. A prediction assigned the category Project Design
Change under the Not Auditable Because .. field in the predictions file will have
one or more corresponding records that satisfy the Yes category for the Design
Change field in the actions file. However this relationship does not always apply
in the reverse direction since design changes recorded in the actions file do not
always cause predictions to become inauditable.
The impacts file may be associated with the conditions file generally through the
Response To Observed Impact field, and specifically through the Response
Description field, of the impacts file. For observed impacts with a response of As
In Conditions in the former field, the relevant condition key is recorded in the
Response Description field thus providing a direct link with the conditions file. It
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is possible for more than one condition to apply to a particular impact or for
several impacts to be covered by a single condition.
The impacts file is associated with the predictions file in a more defined manner
than the other file interactions. A schematic representation of the interactions
between the two files is shown in Figure 10. The impacts file contains three types
of observed impacts: impacts that were expected to occur, impacts that were
contemplated but predicted not to occur, and impacts that were completely
unforeseen.

ACCURATE
PREDICTIONS

NO
IMPACTS
PREDICTED

OBSERVED
IMPACTS

IMPACTS
NOT
CONSIDERED

iNACCURATE
PREDICTIONS

IMPACTS
PREDICTED

Figure 10. Relationship Between the Predictions and Impacts Files.
The expected impacts are represented by the Accurate Prediction category in
Predictive Success field of the impacts file. These impacts form a subset of
predictions that received a rating of either Accurate or Mostly Accurate in
Accuracy Of Predictions field of the predictions file. (The remainder of

the
the
the
the

predictions that were rated Accurate or Mostly Accurate predicted that impacts
would not occur, and so have no corresponding entries in the impacts file.)
Predictions with a rating of Accurate So Far do not apply in this case since these
refer to impacts that were predicted not to occur over an unspecified timescale
and had not occurred at the time of the audit.
The impacts that were contemplated but predicted not to occur are represented by
the Inaccurate Prediction category within the Predictive Success field of the
impacts file. These impacts form a subset of the predictions that received a rating
of either Inaccurate or Mostly Inaccurate in the Accuracy Of Predictions field of
the predictions file. (The remainder of the predictions that were rated Inaccurate
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or Mostly Inaccurate predicted that impacts would occur, and so have no
corresponding entries in the impacts file.) Predictions with a rating of Inaccurate
So Far do not apply in this case since these refer to impacts that were predicted to
occur over an unspecified time period and had not occurred at the time of the
audit.
In each of the cases described above it is possible for two impacts to correspond to
the same prediction since a single prediction may forecast more than one impact.
While we attempted to ensure that individual predictions forecast single impacts
only, 'blanket' predictions, such as a prediction of adequate water quality, could
correspond to more than one observed impact. However a single impact will
only correspond to one prediction since predictions repeated by either the same
or different authors were not included in the audit.
The remainder of the observed impacts are
considered in any predictions, accurate
corresponding predictions in the predictions
Predicted in the Predictive Success field of the
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the unforeseen impacts; those not
or inaccurate. These have no
file and fall into the category Not
impacts file.

4 RESULTS
This section presents the results of the study under the headings of the four
database files: actions, conditions, predictions and impacts. Where reference is
made to 'all projects', this means the fourteen developments for which preproject documentation was available. The 'completed projects' discussed under
the actions, conditions and predictions files comprise the seven operational
developments for which there was pre-project documentation: Murray River
Waterfront, Waterside Mandurah, Fremantle Inner Harbour Deepening Project,
Mindarie Keys, Ocean Reef Boat Launching Facility, Sorrento Boat Harbour and
Two Rocks Marina. The impacts file includes Yunderup Canals in addition to
these.
The data is presented in two main ways. Firstly, the distribution of records within
the categories of each field is summarised in tabular form to provide an overall
picture of the data. All of these tables are presented in the Appendix and some
also appear in the text. Secondly, where association between different fields is
investigated (for example between Accuracy of Prediction and Scale of
Prediction), a Chi-squared (X 2 ) analysis was performed to test for significance of
association and the data presented as a graph.
4.1 Actions
Over half of the actions that were identified in the proponent documents were
associated with layout or design features of the developments (Appendix Table
AI). Most of these actions (about 60% of those from the completed developments;
Appendix Table A2) did not experience any design change between the original
proposal and the implemented project.
Proportionally more of the actions that did have design changes were related to
layout (Figure 11), and these included such changes as minor reorganisation of
structures such as roads, blocks and buildings. These types of design changes had
very few environmental implications. Two important exceptions to this,
however, occurred at Waterside Mandurah where layout changes resulted in
samphire flats on the foreshore reserve being filled and public access being
granted to the conservation area surrounding Soldiers Cove. It was suggested in
the ERMP that the foreshore reserve would be left in its natural state with
limited public access contemplated. However, approval to fill the foreshore
reserve with dredge spoil from the canals was granted by the local authority and
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the reserve is intended to be used for recreational purposes in the future. In the
case of the conservation area surrounding Soldiers Cove, the ERMP indicated
that public access to this area would be prevented. Despite the erection of fences
on the eastern edge of this area public access has been permitted adjacent to the
entrance channel for the canal network and there has been some impact on the
conservation area.
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Figure 11. Association Between Subject of Action and Design Change; completed
projects. (X2 =24.173; p<O.OOI; d.f. 5).
4.2 Conditions

Table 2 summarises compliance for all the developments. As can be seen from
the table, the projects were in various stages of completion and, therefore,
auditability. Table 3 lists compliance for the seven 'completed' projects. The
compliance audit could not be finalised for many of the projects, as conditions
were still ongoing or not yet applicable at the time of the audit.
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MK
COMPliANCE
Yes

16

No
Not Relevant
No Information

8

MR

S)

WM

8 38 39
258
6
3
4
3

R-l

CF

PM

9
13

I-H
12

18

43

SH

CR

19

TR

1M:

FO

YS

27

20

8

10

6
6

44

9
17

12
14
27
3

19

7
3

10

9

3

2

6

PRESENT STATlJS
Completed
Ongoing
Not Applicable Yet
Redundant
No Information

17 10 43
552
3

4

47

9

5
8

9
9

43

3

4
8

27
20

17

Table 2. Compliance with Conditions; individual projects. Key: MK: Mindarie
Keys; SO: Sorrento Boat Harbour; MR: Murray River Waterfront; WM: Waterside
Mandurah; FH: Fremantle Inner Harbour Deepening; GF: Geraldton Foreshore
Redevelopment; PM: Port Mandurah; HH: Halls Head Waterways; SH: Secret
Harbour; OR: Ocean Reef; TR: Two Rocks Marina; WE: Westport; RO:
Rockingham Marina; YS: Yunderup Stage Two.

Compliance
Yes In Detail
Yes In Effect
Yes In Part
(Total Yes
No
Not Relevant
No Information

93
9
19
121)

22

43
7

Total (completed projects) 193

Table 3. Summary of Compliance.
Compliance was generally very high, with only 22 out of a total of 193 conditions
not complied with. No difference in compliance was found between different
subject categories. The largest subject category, with approximately half the total
number of conditions, was Management (Appendix Table A3). That is,
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proponents and EIA procedures focus on project management as a means of
controlling environmental impacts.
Only around one quarter of all conditions were legally binding (Appendix Table
AS). The relationship between the legal status of a condition and compliance
with it is illustrated in Figure 12. (Only those conditions with a status of
Completed are included in the figure.) Compliance was proportionally higher for
those conditions that fell into the category Otherwise Binding (conditions
imposed by the Town Planning Appeal Tribunal for the Murray River
Waterfront development, and those contained in the Agreement between the
State and the proponent of Two Rocks Marina), and was proportionally lower for
conditions that were not legally binding. Only seven conditions were Ministerial
Conditions, and these displayed the statistically expected distribution of
compliance.
There was no difference in compliance between the non-binding conditions that
originated as voluntary commitments by the proponent, and those that
originated as EPA recommendations.
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Figure 12. Association Between Legal Status of Condition and Compliance;
completed projects. (x 2 =6.814; p<O.OS; d.f. 2).
It was not possible to compare projects assessed under the 1986 Environmental
Protection Act with those assessed under the previous Act, since only one of the
seven completed developments (Fremantle Inner Harbour Deepening) fell into
this category, and most of its conditions were still outstanding at the time of the
audit. No conclusions may therefore be drawn between compliance under the
new Act and under the old Act.
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4.3 Predictions
A total of 665 predictions were identified from the fourteen developments for

which pre-project documentation was available. Of these, 311 predictions refer to
the seven completed projects. In the following discussion, we shall use all of the
available data to discuss the predictions and predicted impacts and the data for
the completed projects alone to discuss the prediction audit. In all the examples
discussed the results for the completed projects were found to be representative
of the total project data and results.
Description of Predicted Impacts
Number

Component and Subject
Physical
Physical Processes
Water Quality
Groundwater
Biological
Biological
Social
Human
Economic
Recreation

338

Total

665

121
162
55
139
139
188
103
32
53

(all projects)

665

Table 4. Distribution of Predictions by Environmental Component and Subject of
Predicted Impact; all projects.
The majority of predictions addressed impacts in the Physical component of the
environment (Table 4). Within this category, the greatest number of predictions
addressed Water Quality impacts. Of the predictions concerning the Social
component of the environment, most fell into the Human category which
addresses the potential impacts of the developments on the existing human
environment adjacent to the project sites. A closer examination of the Biological
predictions showed that the majority of them were concerned with the impacts
on the aquatic ecology of the artificial waterways themselves and their adjoining
waters.
Overall about 60% of predictions were of first order impacts and 40% higher order
(Appendix Table A9). However, these were not evenly distributed within the
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subject categories since the higher order predictions fell mainly into the
Biological and Social categories and the first order predictions fell mainly into the
three Physical categories (X 2 =152.982; p<O.OOI; d.f. 6). This result was not
unexpected given the nature of first and higher order impacts.
Eighty percent of all predictions were made by proponents, and the vast majority
of predictions were concerned with the operational phase of projects (Appendix
Tables AI0, All).
Two fields were used to rate the importance of predicted impacts, Issue Category
and Nature of Impact. The distribution of predictions among issue categories
provides an indication of the extent to which predictions for a development
address the key issues as perceived by the EPA, or other assessing body (Table 5).
Slightly more predictions addressed important issues directly (Issue Category 1)
than indirectly (Issue Category 2) or not at all (Issue Category 3). The combination
of Issue Category 1 and 2 accounted for about two thirds of all predictions. In
other words, one third of all predictions did not concern matters that the EPA
considered to be key issues at the time of their assessment.
Issue Category

No:

Category 1
Category 2
Category 3

254
170
209

Total (all projects) 633

Table 5. Importance of Predicted Impacts. Note: These figures do not include
predictions from Ocean Reef.
However, an examination of the key issues for each development with the
details of the predictions showed that, in general, most of the 'important' issues
were identified in predictions. Projects varied greatly in the extent to which they
addressed all the key issues, with the more recent projects tending to address a
greater proportion than the older ones. Many of the issues that were not
addressed in predictions tended to be social issues such as the user-pays
philosophy, that would not necessarily be expected to have predictions associated
with them.
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The vast majority of impacts were rated as Adverse (Table 6). This was
anticipated to some extent in view of the definitions adopted for these categories,
which defined any change that was not specifically seen as Beneficial to be
Adverse. Predictions made by the proponent were less likely to be rated Adverse
and more likely to be rated Beneficial than the statistically expected distribution,
whereas the opposite was true for predictions made by the EPA or Other
submissions (X 2 =34.586; p<O.OOl; dJ. 4).
Nature Of Impact

No:

Adverse
Beneficial
Neutral

440

Total (all projects)

665

99
126

Table 6. Nature of Predicted Impacts.
Comparing these two fields, (Figure 13), it was found that proportionally more of
the predictions that addressed important issues directly (Issue Category 1) were
perceived as Adverse by the author of the prediction and less were perceived as
Beneficial. On the other hand, predictions that addressed unimportant (Issue
Category 3) issues were more likely to be perceived as Beneficial and less likely to
be perceived as Adverse. (The Neutral predictions displayed the statistically
expected distribution of Issue Category.) A closer look at the Beneficial predictions
revealed that many were statements of advocacy for the project, made by the
proponent. This suggests that many of the predictions which do not address
important issues are included in the EIA documents in order to present the
proposed developments in a more favourable way.
However, it is interesting that nearly half of the Issue Category 3 predictions were
rated as Adverse by the author of the prediction. One quarter of these predictions
were made by authors other than the proponent, usually in public submissions,
and raised points not covered elsewhere in the documents. Those authored by
the proponent included several predictions that potential Adverse impacts
would not happen.
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Figure 13. Association Between Importance (Issue Category) and Nature of
Predicted Impacts; all projects. (x 2=69.93; p<O.OOI; d.f. 4).
The nature of a predicted impact was associated with its subject category (Figure
14). Predictions addressing Recreation and Economic impacts were more likely to
be perceived to be Beneficial and less likely to be perceived as Adverse, while the
reverse was true for Groundwater. The Physical Processes, Biological and Human
categories displayed the statistically expected distribution of Adverse, Beneficial
and Neutral impacts. Water Quality impacts had a higher than expected
distribution of Neutral; this was due to the large number of predictions stating
that existing water quality will not be affected at all by a development.
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Figure 14 Association Between Subject and Nature of Predicted Impacts; all
projects. (x 2=72.1l; p<O.OOI; d.f. 12).
Predicted Human impacts that were rated as Adverse were usually temporary,
construction stage impacts. Beneficial Biological impacts usually concerned the
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provision of new habitat by the development, such as the new marine habitat
provided by breakwaters.
Wording of Predictions
The vast majority of predictions (91 %) did not indicate a timescale in which the
predicted impact was expected to occur (Appendix Table AI4). Similarly, most
predictions (88%) were expressed in Qualitative rather than Quantitative terms
(Appendix Table A15. Several of the Quantitative predictions referred to impacts
that were an inevitable result of the project being implemented as planned, such
as loss of habitat, which could be easily quantified.
Approximately one third of all predicted impacts had a probability of Certain To
Occur (Appendix Table AI6). Half of all predicted impacts were expressed as
certain events, either Certain To Occur or Certain Not To Occur.
Quantitative predictions were more often expressed as Certain To Occur or High,
whereas Qualitative predictions were closer to the expected distribution of
probability (X2 =46.188; p<O.OOI; d.f. 4).
Proportionally more Quantitative predictions referred to key issues directly (Issue
Category 1), and proportionally fewer did not refer to key issues at all (Issue
Category 3). Qualitative predictions, on the other hand, followed the statistically
expected distribution of Issue Category (X 2 =16.479; p<O.OOI; dJ. 2).
Predictions that had a probability of Certain To Occur or High were more likely to
be rated as Beneficial and less likely to be rated Adverse (Figure 15). Authors of
predictions were either much more confident in the outcome of positive
predictions or only included those that they felt certain would eventuate.
Proportionally more predicted impacts with a probability of Medium, Certain Not
To Occur or Low were Adverse. This suggests that authors of predictions (usually
the proponents) were trying to alleviate any fears people may have regarding a
development by including discussions of potentially adverse impacts that were
not expected to eventuate.
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Figure 15. Association Between Prediction Probability and Nature of Predicted
Impact; all projects. (X 2=115.342; p<O.OOl; d.f. 8).
Basis of Predictions
Table 7 shows the distribution of predictions by the scaled basis of predictive
technique.

Scale Of Prediction

No:

Scale 1
Scale 2
Scale 3
Scale 4
Inevitable From Design
Impossible To Scale

197
218
115
7
60
68

Total (all projects)

665

Table 7. Distribution of Predictions by Prediction Scale.
Nearly two thirds of all predictions (62%) were formulated using predictive
methods that fell into Scale categories 1 or 2. These are based upon a general
knowledge of the subject (Scale 1) or local experience and/or literature review
(Scale 2). Fewer predictions were based upon models of the system under study or
on-site data (Scale 3) and very few based on models of the system tested in the
system itself (Scale 4). Predictions that were rated Impossible to Scale were usually
derived from public submissions, where no additional information was supplied.
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Impacts in the Physical component of the environment (Physical Processes,
Water Quality, Groundwater) were more likely to be addressed in Scale 2 or 3
predictions than in Scale 1 predictions (Figure 16). There were no Scale 1
predictions for Groundwater issues, indicating that nobody was prepared to make
poorly founded predictions about this topic. In contrast, nearly all Human and
Recreation impacts were predicted with a prediction Scale 1. Biological impacts
were almost evenly divided among the Scale 1 and 2 categories, indicating that
biological predictions were far more likely to be based on general knowledge or
local knowledge. Scale 3 and 4 predictive methods were almost entirely confined
to the three Physical categories, and included sediment transport models based on
aerial photography or onsite sediment tracking, mathematical models of
groundwater, mixing and flushing, and physical models of turbidity plumes.
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Figure 16. Association Between Prediction Subject and Prediction Scale; all
projects. (X2 =207.022; p<O.001; d.f. 12). Note: only Scales 1,2,3 included in analysis.
Impacts which were inevitable as a result of the projects proceeding were, not
surprisingly, invariably expressed as Certain to Occur. Apart from this there was
no consistent relationship between the scale of a prediction and the probability
with which it was expressed.
The proportion of quantitative predictions increased with increasing scale of
prediction method. There were fewer Quantitative predictions based on a scale of
1, and more Quantitative predictions based on a scale of 3, than expected
(X 2 =32.589; p<O.001; d.L 3. Note: only Scales 1,2,3,4 included in analysis).
Combining this result and the previous one suggests that an increased
knowledge of the system under study led to predictions being expressed in more
quantitative terms, but not with any increase in probability. This is most likely
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because probability is not used in any rigorous way by the authors of predictions
whereas quantifying an impact requires having something more than guesswork
behind it.
Proportionally more predictions concerning higher order impacts were based on
general knowledge, literature review or local experience (Scales 1 and 2), whereas
the majority of predictions based on models (Scales 3 and 4) and Inevitable
impacts addressed first order impacts (X 2 =125.744; p<O.OOl; d.f. 4).
Proportionally more predictions based on a model (Scales 3 and 4) addressed
important issues directly (Figure 17). Predictions utilising only general
knowledge as the predictive method (Scale 1) addressed proportionally more
Category 3 issues. This suggests that the issues proponents make more effort to
research and predict with care are the issues the EPA consider to be important.
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Figure 17. Association Between Prediction Scale and Importance (Issue Category)
of Predicted Impacts; all projects. (X 2=69.571; p<O.OOl; d.f. 8).
It is interesting that the Inevitable category included several Category 1

predictions. These were nearly all concerned with loss of the original
environment caused by development construction, which was normally seen by
the EPA as a key issue during assessment.
Prediction Audit
Only 25% of all predictions were able to be audited in practice (Appendix Table
A18. The reasons for lack of auditability fell into three main categories.
Approximately 30% of predictions could not be audited because the projects did
not proceed and for about 25%, the predicted impact was not yet expected at the
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time of the audit. For 16% of all predictions, no data was available to conduct the
audit. Very few predictions could not be audited due to project design changes or
assumptions that did not apply, or were not able to be verified in theory due to
their convoluted wording.
Only half of all predictions from the completed projects (a total of 311 predictions)
could be audited (Table 8). The proportion that was inauditable due to a lack of
data was 35%, by far the largest category of inauditable predictions. This figure is
an indication of the extent to which monitoring programmes ensured that
predictions could be validated or invalidated. The proportion of predictions
inauditable due to lack of data was similar for the three Issue Categories,
indicating that data was lacking for 'important' predictions as well as the perhaps
more trivial ones.

Auditable In Practice

Number

Yes
No
Not Auditable In Theory
Project Design Change
Not Applicable Yet
No Data/Insufficient Data

166
145

Total (completed projects)

311

7
4
26
108
311

Table 8. Auditability of Predictions; completed projects.
Proportionally more Physical predictions and fewer Biological predictions were
auditable in practice. Social predictions were found to display the statistically
expected result for auditability in practice (X 2 =18.482; p<O.OOl; d.f. 2).
Both Physical Processes and Water Quality predictions had around twice as many
predictions that were auditable in practice as not. Biological and Groundwater
predictions, on the other hand, had over twice as many inauditable as auditable.
It was found that wherever data was available from monitoring programmes it

almost exclusively addressed Physical Processes and Water Quality issues. In
comparison, baseline monitoring and post-project monitoring programmes had
very.rarely considered aquatic ecology, such as fish migration or reef ecology.
Sorrento Boat Harbour is an example where biological monitoring has been
almost wholly lacking, despite the location of the harbour in the Marmion
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Marine Park. Many predictions were made about the possible impact of the
marina on the biological resources of the marine park, but none of these were
able to be audited because of a lack of data.
Prediction auditability was not associated with any other field. Prediction Scale
and Auditable In Practice were not related in any consistent way, indicating that
increased effort in predicting impacts did not necessarily result in a
correspondingly increased monitoring effort.
Table 9 shows the accuracy of predictions that were able to be audited in practice.
Most auditable predictions were Accurate, and the overall accuracy ratio
(combining the three categories of accuracy and inaccuracy) was 78% to 22% or
approximately 4:1.

Accuracy Of Predictions

Number

Accurate
Mostly Accurate
Accurate So Far
Total Accurate

84
17
28

Inaccurate
Mostly Inaccurate
Inaccurate So Far
Total Inaccurate

19
9
9

Total (completed projects)

129

37
166

166

Table 9. Accuracy of Predictions; completed projects.
Various comparisons were made between Prediction Accuracy and other
prediction categories to attempt to explain the reasons for accuracy. It was found
that the 4:1 ratio applied over all comparisons and Prediction Accuracy was not
associated with any other database field. In other words neither the type of
predicted impact (its subject, order or development phase), its significance (as
expressed by Issue Category or classification by Adverse/Beneficial), the wording
of the prediction (quantitativeness and probability), nor the basis of the prediction
(Scale), had any significant effect on Prediction Accuracy. This is a very
interesting finding in view of the results discussed earlier. We showed that
authors of predictions were more prepared to model, quantify and predict with
certainty first cirder impacts than they were higher order; and that higher scaled
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predictions were used to address more important issues. Despite this, the
knowledge base of the authors of predictions seems to have had no influence on
prediction accuracy, either directly or indirectly.
4.4 Impacts

Impacts were identified both from the process of validating or invalidating
predictions in the predictions file, and from other sources such as monitoring
reports, files and interviews. A total of 77 impacts was recorded altogether from
eight developments.
Description of Impacts
Over half the recorded impacts occurred in the Physical component of the
environment, with about one third occurring in the Social and the remainder in
the Biological component (Table 10). This distribution of impacts by component
was, proportionally, almost identical to the distribution of predictions by
component, although there were minor differences between subject categories
within component. This is partly attributable to the fact that many impacts are
derived from validated or invalidated predictions, as discussed and, at first
glance, might suggest that prediction success was similar for impacts in all
components of the environment.
Nearly all of the impacts in the Social component fell into the Human category.
As this category refers to the existing communities immediately adjacent to the
development sites, changes in lifestyle are inevitable and so a high proportion of
impacts in this category could be expected. The Economic and Recreation impacts
recorded were identified as a result of verified predictions, since it was beyond the
scope of this project to specifically seek out these sorts of impacts.
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Component and Subject

Number

Physical
Physical Processes
Water Quality
Groundwater
Biological
Biological
Social
Human
Economic
Recreation

42

Total

77

22

19
1
11
11
24
20
2
2
77

Table 10. Distribution of Impacts by Environmental Component and Subject.
Over twice as many impacts (70%) occurred during the operation phase as during
the construction phase (Appendix Table A21). However, this distribution was
influenced greatly by the age of the developments: no construction stage impacts
were identified for the oldest developments, Two Rocks, Ocean Reef and
Yunderup Canals, while the most recent, Fremantle Inner Harbour Deepening,
and Mindarie Keys, had a high proportion. Construction stage impacts are
usually temporary and so tend to be recorded only if they are still ongoing or
fresh in people's minds. Most of the construction stage impacts fell into the
Human category (62%). These included complaints from local residents about
noise, dust, vibration and rock trucks. Other typical construction stage impacts
included water quality impacts from turbidity plumes, and impacts on recreation
through restricted access.
Roughly equal numbers of impacts fell into each of the Issue Categories 1 and 2
(57% to 43%; Appendix Table A22). In other words, half the recorded impacts

were not in areas that the EPA (or other body) considered significant issues for
that project at the time of assessment. There was no obvious difference between
types of impact for the two categories: the difference was between the issues
defined as important for each project, rather than the type of impact itself. We
return to this topic in the Discussion.
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Predictive Success
Table 11 summarises the success of predictions in accurately predicting the
observed impacts. Leaving aside the eight impacts from Yunderup Canals, where
there was no pre-project documentation and hence all impacts were classed as No
Predictions Made, roughly half the impacts were accurately predicted in advance.
Of those that were not accurately predicted, approximately equal numbers of
impacts were the subject of inaccurate predictions (the impact was predicted not
to occur) or were not considered in any predictions (Not Predicted). These results
are very different from the proportion of Accurate to Inaccurate predictions (4:1)
and demonstrate the relationship between prediction accuracy and observed
environmental impacts (as previously illustrated in Figure 10). Many of the
Accurate predictions discussed above were statements that an impact would not
occur, and because the impact did not occur, these predictions were not reflected
in the impacts file.
It is interesting that a relatively high number of impacts were not considered in

any of the pre-project documentation (Not Predicted). For example, domestic
bores in Dudley Park were affected by dewatering operations during construction
of the Waterside Mandurah project. There were no predictions about this because
there was a change in construction technique from that described in the original
proposal. Structural damage occurred to some properties at Quinns as a result of
blasting operations when the Mindarie Keys harbour was being excavated; this
impact was unexpected.

Predictive Success

No:

Accurate Prediction
Inaccurate Prediction
Not Predicted
No Predictions Made

34
17
18
8

Total

77

Table 11. Predictive Success.
Predictive Success was not significantly different between impact subjects. Many
accurately predicted Physical Processes impacts were inevitable, such as changes
to landscape and natural environments and effects on processes such as sediment
transport and stormwater drainage patterns. Accurately predicted Biological
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impacts included alienation of habitat and increased pressure on marine habitats
and adjacent lands through increased public access. Accurately predicted Water
Quality impacts included the extent of turbidity plumes at Sorrento and
Fremantle Harbour, and the accumulation of seaweed and debris at Sorrento and
Murray River. Accurately predicted Social impacts included loss of access for
recreation at Fremantle and Sorrento and public complaints about rock trucks.
Impacts in the Social category that were classed as Inaccurate Predictions covered
many construction impacts such as noise, dust and vibration. It had been
predicted that these would not be a nuisance to local residents, which was not the
case. The inaccurately predicted Physical Processes impacts were all recorded from
Two Rocks marina, where erosion to the north and siltation to the south was
predicted not to occur and did. Several inaccurate Water Quality predictions came
from Murray River where it had been predicted that, at all times, water quality
would be the same in the canals as in the river.
Of the impacts that were not considered in any predictions (Not Predicted), those
in the Social category included typical construction stage impacts such as dust and
noise nuisance, and operational stage human impacts such as complaints about
boat noise and complaints about odours from decaying seaweed at Two Rocks
and Sorrento. A single Economic impact fell into the No Predicted category:
many abalone fishers believe that stocks have collapsed north of Ocean Reef
through overfishing caused by increased access. However, it is not known for
certain whether this is the reason, or if the Ocean Reef development is
responsible. The five unexpected Physical Processes impacts consisted of seaweed
accumulation at Two Rocks and erosion undermining the northern breakwater
there; regular siltation of the harbour mouth at Ocean Reef; slight beach erosion
to the south of Mindarie Keys and sand drift during construction at Sorrento.
We have so far considered all impacts as 'equal' but, clearly, this is unlikely to be
the case. For management purposes, it may be more important to predict
accurately the significant impacts rather than the minor ones. Figure 18 compares
Predictive Success with Issue Category as a measure of impact importance. (The
impacts from Yunderup Canals are omitted as it was not possible to give them an
Issue Category rating.) The impacts that were classed as Accurate Predictions
followed the statistically expected distribution. Of the impacts that were not
accurately predicted, those that represented key issues (Issue Category 1) were
more often the subject of inaccurate predictions (Inaccurate Prediction) whereas
those that did not represent important issues (Issue Category 2) were more often
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Not Predicted. In other words the key issues were nearly always highlighted in
predictions, although they may have been predicted not to occur; whereas
completely unexpected impacts were usually in areas not considered key issues
during document preparation and assessment.

Figure 18. Association Between Importance of Impacts (Issue Category) and
Predictive Success (X 2 =10.765; p<O.Ol; d.f. 2). Note: the statistically expected
distribution of Inaccurate Prediction and Not Predicted categories is for equal
numbers within Issue Category.
Management Response to Impacts
Around half of all the recorded impacts did not warrant any management
response (Response Not Required; Table 12). These included many impacts that
were an inevitable consequence of the development proceeding, such as loss of
habitat, changes to landscape, and acceptable turbidity plumes during
construction activity. Such inevitable impacts can be assumed to have been
judged as acceptable by the EPA during its assessment. Other impacts, such as
slight erosion to the south of the Mindarie Keys development, that were
unexpected or inaccurately predicted were not severe enough to warrant any
response. Some of these, such as slight deviations in water quality, had
environmental conditions in place to provide an appropriate management
response should they become more serious.
The second largest category of management response was None. This category
covers instances where an impact is an acknowledged problem but where no
action has been taken to date. Some of these were problems of noise and dust
during construction. One, relating to construction noise continuing outside
daylight hours at Mindarie Keys, was a breach of a voluntary commitment.
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Impacts that occurred during the operation phase (16 altogether) and which
received no management response include significant, ongoing impacts at each
development. Seven of these covered separate aspects of the long-standing poor
water quality problem at Yunderup. Although this is recognised as a problem no
body to date has accepted responsibility for management. Three impacts
concerned erosion and seaweed accumulation at Two Rocks. The causes and
possible solutions to these problems have been addressed in reports to the
marina management, although no action has been taken yet. The other impacts
consisted of increased public access at Ocean Reef, Waterside Mandurah and
Mindarie Keys, and complaints about boat users at Murray River.
Response To Impacts
Response Not Required
As In Conditions
Other Response
None

38
7
13
19

Table 12. Management Response to Impacts.
Two impacts at Two Rocks had conditions in place in the Agreement Act and
were responded to accordingly (As In Conditions). Siltation of the fishing boat
moorings occurred soon after the harbour opened and alternative moorings were
provided within the harbour for the fishing boats. Siltation at the harbour mouth
also occurred and the harbour was dredged. The remaining five impacts that had
a response covered by conditions consisted of four construction stage impacts,
and the beach erosion north of Sorrento which was predicted and has been
responded to by beach renourishing.
The impacts with a response of Other provide an opportunity to see how
successful management bodies were in reacting to impacts as they arose without
the benefit of pre-existing mitigating measures outlined in conditions. Only four
of these were long term impacts as compared with once-off ones. Damage caused
by erosion at the base of the northern breakwater at Two Rocks, which threatened
to undermine an access road, has been rectified in the short term by reinforcing
the breakwater and deviating the road. At Sorrento, increased human pressure
on the Marmion Marine Park has been addressed by the identification of CALM
as the body responsible for management of the Marine Park. Boyinaboat Reef was
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fished out shortly after the marina opened and since then CALM have banned
spear fishing in the area. Continuing siltation in the harbour mouth at Ocean
Reef is dealt with by the Department of Marine and Harbours by regular dredging.
This was not explicitly stated in the original documentation for Ocean Reef but is
within the responsibilities of Marine and Harbours.
The problem with domestic bores at Dudley Park caused by dewatering operations
at Waterside Mandurah was dealt with by the Waterways Management Technical
Advisory Group. This body was formed shortly after construction commenced to
assess the impact of canal developments in the area and ensure compliance with
conditions, and was also used to help resolve grievances raised by those affected.
A sewage discharge into the waters of Sorrento harbour caused by a broken pipe
was dealt with by the Department of Marine and Harbours, who cleared people
from the water and repaired the pipe. Structural damage at Quinns caused by
blasting operations was repaired at the expense of the proponent. Removal of
windblown debris from the canals at Murray River is the responsibility of the
Shire of Murray. This was not written into any conditions, although access for
this purpose was provided for in the original design.
The EPA became involved in a reactionary response at Mindarie Keys, where
dewatering operations caused a turbidity plume along the coast. The EPA
required that a disposal basin be built to prevent the escape of turbid water.
However this was not entirely successful as the walls of the basin were breached
on two occasions releasing the turbid water.
It is possible to use the management response categories as another measure of

impact importance, by dividing impacts into those that were significant enough
to warrant a response (As In Conditions, Other, None) and those that were not
(Response Not Required). There was no association between this rating of impact
importance and the other, Issue Category. In other words, the fact that an impact
was related to an issue that the EPA thought significant at the time of assessment
did not mean that it was any more, or less, 'serious' than other impacts in terms
of receiving a management response. While this is at first sight surprising, as it
might be anticipated that Category 1 impacts would be responded to better, it is
logical in that the category Response Not Required includes many inevitable
impacts (such as loss of original environment and temporary construction
impacts) which are listed as key issues but which are an accepted consequence of
the development.
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The relationship between impact 'expectedness' and management response is
illustrated in Figure 19.
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Figure 19. Association Between Management Response to Impact and Predictive
Success (X 2 =50.24; p<O.OOl; d.f. 9).
The vast majority of impacts that were predicted accurately did not require any
sort of response. Many of these, as discussed, were trivial or inevitable impacts. Of
the remainder, only two (increased access by off-road vehicles at Ocean Reef and
Mindarie Keys) had a response of None. Other foreseen impacts were responded
to either according to conditions or by some other management response.
The type of management response varied between the two categories of
'unexpected' impacts, with responses that were determined by existing conditions
applying only to those impacts that were considered but inaccurately predicted.
However, of the impacts that were not considered at all, many had a
management response of Other and in fact there were fewer impacts with a
response of None than there were for the Inaccurate category. These results
suggest that, while impact identification rather than accurate impact prediction
may be sufficient for the setting of conditions, management responses can be
arrived at with or without conditions.
It is not possible from these examples alone to conclude anything about the
comparative success of the As in Conditions responses compared with the Other
responses, as the impacts covered a variety of types and developments and no
generalisations can be made. Some of the Other responses (such as the turbidity
plume at Mindarie and the Dudley Park bores) involved the EPA while others
did not. The results of the audit alone are insufficient to determine whether the
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EIA process itself has made any difference to the appropriateness of the
management response.
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5 DISCUSSION
The auditing project was carried out in order to evaluate the EIA process in WA
through the case studies of artificial waterway developments. The auditing
project had three main objectives, which were linked to the audit types that can
be undertaken:
- To assess whether the conditions established by statutory bodies for mitigating
the environmental impacts of developments have been implemented and
enforced, and whether they ensured that the environment was protected.
- To identify the nature and accuracy of impact predictions, and evaluate the role
of impact prediction in the management of environmental impacts of
developments.
- To use the auditing programme to evaluate the effectiveness of the EIA process
in order to identify areas that could usefully be revised or refocussed.
We address each of these in turn.
5.1 Compliance Audit
The objective of the compliance audit was to assess whether imposed conditions
were complied with. The results of the audit showed that compliance with both
voluntary and imposed conditions was generally very high, and that compliance
with those conditions that were legally binding was higher than with those that
were not legally binding. However, it was not possible to draw any conclusions
regarding comparative compliance with those conditions imposed under the 1971
Environmental Protection Act and those imposed under the 1986 Act.
One useful difference which could be observed between projects assessed under
the old Act and those assessed under the new Act is the requirement for
proponents to list voluntary commitments explicitly. Since under the new Act
these commitments are also legally binding it is important that all parties are
aware of exactly what these commitments are.
Another trend which was evident from the audit was the increasing tendency in
assessment reports to make fewer recommendations, with widely defined
objectives, rather than many recommendations addressing specific items. Some
of the early projects (Waterside Mandurah, Halls Head, and Secret Harbour) had
over thirty EPA recommendations, whereas Mindarie Keys, the most recent
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project assessed at ERMP level, had twelve. Fewer, more general,
recommendations gives the proponent some flexibility in the manner in which
objectives are achieved, rather than being prescriptive. This may be of benefit to
the proponents and also to the EPA, but it can give rise to difficulties with
subsequent auditing and limit the extent to which experience can be gained with
respect to the effectiveness of mitigation measures. We return to this point later.
It is important that environmental conditions are not only complied with but are

also adequate to the task of environmental protection. Compliance auditing is
principally concerned with the first of these questions. In addition to undertaking
the audit, we wanted to evaluate whether the imposition of environmental
conditions was successful in providing environmental protection.
Evaluating the adequacy of the conditions and management responses
themselves is limited to a great extent by the availability of information. There
must be some information on the actual state of the environment before it is
possible to ascribe that state to the presence of any conditions derived from the
EIA process.
Monitoring, therefore, must be adequate both to demonstrate compliance and to
identify impacts. In auditing the artificial waterway developments, we showed
that nearly all conditions were complied with. Those that were not complied
with were found to have few potentially serious environmental implications. At
the same time, we showed that half of all predictions, and most of the predictions
relating to biological impacts, were not auditable through a lack of monitoring
data. It is clear from this that the conditions that were set were insufficient to
ensure that monitoring data was adequate to permit auditing. While the
monitoring da.tamay be adequate to undertake the simple checking function of
the compliance audit, there remains a large area where there is insufficient
information to identify impacts and evaluate management responses. The
missed opportunity to learn from experience in this area is a topic we return to in
section 5.3.
We have already shown that most conditions were complied with, and, where
conditions were implemented as a result of an environmental impact, there was
no evidence to suggest that the management response was not appropriate.
However, management responses were also undertaken without pre-existing
conditions. The question then becomes whether having the EIA process in place
makes a difference to the appropriateness of the response; a question which is
impossible to answer at the level of individual projects.
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5.2 Prediction Audit
Nature of Predictions
A few generalisations can be made about the typical nature of predictions
encountered during this study. Most predictions were about impacts in the
Physical component of the environment, particularly Physical Processes and
Water Quality. Approximately equal numbers of predictions addressed first order
impacts and higher order impacts. The vast majority of potential impacts were
predicted to occur during the operation phase of developments.
Most predictions were expressed in qualitative terms and did not state any
timescale in which the impact was expected to occur. The probability with which
an impact was predicted was related to whether the proponent perceived it as
adverse or beneficial; beneficial predictions were only predicted with a high or
certain probability, while impacts predicted with a low probability were usually
seen as adverse.
The largest category of predictions directly addressed the issues perceived by the
EPA to be important at the time of their assessment of the developments, as
opposed to indirectly or not at all. Approximately two thirds of all predictions
addressed important issues in some way. Most predicted impacts were perceived
by their authors as being adverse in nature, and these predictions were more
likely to directly address issues that the EPA considered important.
Most predictions were based on a general knowledge or local experience.
Predictions that used a higher scale of predictive method were typically used to
address impacts in the Physical component of the environment, first order
impacts, and important (Issue Category 1) impacts.
Nearly half of all predictions from the completed developments could not be
audited in practice. Only a very few predictions could not be audited because of
project design changes, although there were many changes in design and layout
features between the original proposals and implementation. The overwhelming
reason for a prediction being inauditable in practice was lack of data.
Proportionally fewer Biological predictions were able to be audited than Physical.
Approximately three-quarters of all predictions that were able to be audited in
practice were accurate. No relationship was found between accuracy and any
other aspect of the prediction, including scale of predictive method, which had no
effect on accuracy either directly or indirectly through other parameters. It was
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interesting that the basis of prediction apparently had no influence on its
accuracy. However, to keep this in perspective it should be remembered that most
I
auditable predictions were accurate.
These results taken together highlight some important points. One is the
proportionally high lack of information available to audit biological predictions.
In comparison with these predictions, predictions addressing impacts in the
Physical component of the environment were more likely to be first order,
perceived as important, utilise models as the basis for prediction, and have
monitoring programmes that enabled them to be audited. This combination of
attributes is closely linked. It is more straightforward to formulate models about
first order impacts in systems wi th a limi ted and clearly defined set of parameters,
and these tend to be in the physical part of the environment. Similarly, it is easier
to set specific criteria for physical parameters in monitoring programmes, for
example water quality criteria. Biological impacts are usually higher order, have
more ramifications, and are harder to quantify or set goals for. Local experience
and expertise may well be more appropriate for predicting biological impacts than
attempting to quantify or model populations or communities. However, this
does not alter the fact that very Ii ttle is done in order to follow upon potential
impacts in the biological area.
Issues and Prediction Importance
Another point that deserves discussion is the significance or importance of
predictions. The point was made by several interviewees in the course of this
project that only 'important' predictions should be followed, and that it is
somehow unfair to pick up on what may be only a throwaway remark in the
ERMP and expect it to be auditable in the same way. Since the auditing project
was an attempt to evaluate documents as well as projects, we deliberately tried to
identify all possible predictions from a proposal and then treat them collectively,
the differences between them being defined by the various categories of attributes
assigned to them. The measure of importance used to weight predictions was
Issue Category.
Issue Category was a rating based on how closely the prediction addressed an issue
that was highlighted by the EPA as a key issue at the time of assessment. We felt
that this was the only objective measure of importance, in the context of the E1A
process, since it was based on the best available knowledge at the time, Any other
form of weighting would inevitably be done with the benefit of hindsight, and
would therefore be biased.
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However, although the concept behind issue category was straightforward it was
not always as straightforward to apply in practice. Projects varied greatly in the
number of issues that were identified and the clarity with which 'key' issues were
highlighted. In general, the EIA documents relating to the more recent projects,
such as Fremantle Inner Harbour Deepening and Geraldton Foreshore
Redevelopment, tended to define issues more clearly. Feedback from project to
project would be greatly facilitated if this trend continued, and assessment reports
followed a more standard format and stated their interpretation of the key issues
clearly.
The EPA's assessment document is produced after the proponent document, and
therefore it would not be expected that there would. be an exact correlation
between the two in terms of issues identified by the EPA and predictions made by
the proponent. However, a comparison of the two can show to what extent
predictions are used to address important issues, and the corollary of this, to what
extent the important issues are discussed at all. It was found that, while there was
considerable variation between projects, all or most issues were addressed in
predictions. Those that were not often tended to be issues such as the user-pays
philosophy that would not necessarily have associated predictions. However, one
third of all predictions did not address important issues. Where they were made
by the proponent, these 'spare' predictions often tended to be used to present the
proposal in a favourable light, by stressing potential benefits or by listing adverse
impacts that were expected not to happen.
To some extent, including predictions that provide a list of social benefits is the
prerogative of the proponent, as they are obviously interested in stressing the
advantages of their project. However it should not divert the focus from the
main function of the document, which is to identify potential environmental
impacts and propose management strategies for them. Although it was a
straightforward matter to categorise predictions by Issue Category, it was not
always easy to find important predictions flagged as such in the proponent
documentation. Requiring the proponent to provide a stand-alone summary of
all potential impacts, with the proposed management of each stated clearly,
would be of great value in focussing the attention of all interested parties and,
additionally, enabling auditing to be undertaken.
Comparison of Issue Identification
It is interesting to compare the extent to which similar issues were identified in

assessment reports, as this suite of projects might be expected to have essentially

73

the same potential problems. Obviously, the same issues may not assume the
same importance at every development; however, in order for there to be useful
feedback between projects it is important that similar issues are defined and
monitored where this is appropriate. In the light of this, there were some
surprising omissions and inconsistencies between projects. For example, impacts
on marine biological resources were inconsistently mentioned in the coastal
projects. In total, the reports covered direct loss of habitat, short-term impacts
through construction turbidity, and long-term impacts through poor water
quality, heavy metal buildup in sediments, and increased human access, but only
the Sorrento Boat Harbour, Mindarie Keys and Geraldton Foreshore assessment
reports discussed all of these. Similarly, stormwater drainage was not mentioned
in either the Rockingham Marina or Westport reports.· Conservation areas and
foreshore reserves, conservation of native vegetation on site, and fuel and oil
spills were other examples of issues that were not identified in all projects. On the
other hand, impacts on coastal processes, groundwater impacts, and water quality
within the artificial waterbody were all consistently discussed. It is interesting to
speculate as to whether this observation was due to conscious determinations of
key issues for each development, or to an inconsistency in approach.
Impact Management
Over half of the observed impacts occurred in the physical environment. Very
few were recorded in the biological component of the environment and this may
be due to the lack of baseline and post-project monitoring that was highlighted in
the prediction audit. Impacts cannot be distinguished from natural background
effects or other developments without specific monitoring. Most impacts
occurred during the operational phase of the developments and the majority of
these were biophysical. In contrast, the majority of construction impacts were in
the social component of the environment, representing temporary nuisance
caused by noise, dust, vibration and so on.
In the case of projects that had been subject to environmental impact assessment,
around half of the recorded impacts were accurately predicted to occur, and onequarter each inaccurately predicted and not considered in any predictions.
For impacts that were not accurately predicted to occur, those that were concerned
with issues previously identified as important by the EPA were mostly associated
with inaccurate predictions. Impacts that were not related to previously identified
key issues were mostly not considered at all in predictions. This result indicates
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that the authors of predictions had successfully identified the possibility of
important impacts occurring, despite not being able to predict them accurately.
Most impacts that were accurately predicted did not require any management
response: these included many that were an inevitable and acceptable
consequence of the development proceeding. Others were small changes in
environmental quality that had not progressed to becoming a management
problem.
Impacts that had been inaccurately predicted either had no response or a response
covered by existing conditions, while impacts that were unforeseen were more
likely to have a response not previously covered in conditions; as might be
expected. This suggests that impact identification, as opposed to accurate impact
prediction, may be all that is necessary to ensure appropriate conditions are put in
place; but that adequate management responses may be arrived at with or
without conditions.
5.3 EIA Procedures Audit
In this section we will attempt to integrate these two sets of results to address
broader questions about the EIA process. By putting the results of the audits into
the context of the EIA process, we can undertake an EIA procedures audit.
It is important to be aware of the limitations of auditing before attempting to

draw any conclusions from the exercise. Audits only check on what is against
what was intended or expected. This point is relevant when it comes to applying
the results of the audits to the wider context of EIA procedures. It can be seen
from the outset that it is not possible for auditing to completely answer the
question 'Did the process work in ensuring the environment was protected?'
While it would be possible to show that unacceptable environmental impacts
have occurred in the presence of procedures that were in place to manage them,
and therefore conclude that the procedures were in some way deficient, it is
impossible to ascribe unequivocally the absence of any impacts to the presence of
the procedures. Similarly, in evaluating impacts, we can say whether the impacts
we have information about are acceptable or are being managed appropriately.
We cannot say anything about areas for which we have no information.
What auditing can do is enable us to evaluate the EIA process as a whole, and so
permit us to rephrase this question so that it becomes 'How can the process of EIA
be made more effective and efficient?' In this section we use the conclusions
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from the auditing project to explore the pathways of information flow within the
EIA process, both within and between projects.
Proposal Concept
EPA Advice; Consultant Expertise
~

Document Preparation
EPA Expertise

Compliance

-1

Auditing

Assessment and
Condition Setting

Monitoring of
Completed Project

Figure 20. Feedback Pathways Within the EIA Process.
Feedback Within Projects
Figure 20 illustrates potential pathways of information feedback in the EIA
process in Western Australia. At present, the only one of these loops that is
formally in place is the checking of compliance with conditions. We have already
discussed the limitations of compliance auditing. In this section we discuss other
areas where useful feedback might occur within a single project.
More comprehensive feedback within a single project would mean there was a
continuous flow of information back from monitoring programmes that would
enable predictions to be revised in the light of experience, and conditions to be
modified or adapted as required. The role of auditing would therefore be
extended from its simple checking function, to lead to what some authors (e.g.
Bisset 1984) intend in' suggesting that EISs should be dynamic, continuously
updated documents. This would ensure that the links between project
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characteristics and impacts, and impacts and impact mitigation, were correctly
identified by the auditing process.
Such an approach should be readily accommodated within the WA system, given
that conditions are normally set with broad objectives which state that fulfilment
of conditions must be to the satisfaction of the EPA. A certain amount of
flexibility is therefore afforded to the EPA in their response to the monitoring
results provided to them.
Feedback Between Projects
Figure 20 shows the feedback loop of information flow from monitoring back to
issue identification at the pre-assessment and assessment levels. This loop is
essential in providing feedback between different projects of a similar kind, and is
critical to the setting of appropriate conditions. This feedback loop is not currently
in place formally in Western Australia. There are a number of reasons why this is
so. Firstly, much of the information and expertise gained is unwritten. This is
obviously unsatisfactory as information can be difficult to locate and is easily lost
if personnel move away from a particular development.
Another reason for the apparent lack of communication between projects can be
attributed to the number of organisations involved in setting and checking
monitoring programmes. Although the EPA is the controlling body of
monitoring programmes the actual onsite monitoring is performed by private
consultants, the results of which are reported back to the EPA periodically.
To address both these problems, we suggest that a single body should coordinate
monitoring programmes and act as a clearing house for the information
collected. This body, probably the EPA, would then have the results of all
monitoring programmes in the State at hand and be able to organise future
programmes to investigate specific areas where there are gaps in the accumulated
knowledge of a particular system. Information would be accessible to the public.
The organisation responsible for monitoring would be funded by proponents in
the same way that private consultants are funded currently.
Having a central agency in charge of all monitoring in the State would allow for
an information service being available for future proponents, members of the
public and Government agencies, and the EPA alike. This would allow for a more
effective feedback of information than is currently experienced and thus create a
larger information base for the authors of predictions and decision-makers. It
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would also eliminate any potential problems that could arise with information
privatisation.
A second area where feedback between projects can be identified is at the level of
consultant expertise, during preparation of the ERMP. This seems to function
more efficiently. Consultant reputation acts as a positive feedback in ensuring
specialisation in a particular area, and hence, hopefully, increasing expertise.
The EIA process in WA leans heavily on the management and monitoring of
impacts. However, following on from our study, we would suggest that impact
monitoring could be improved in several areas. An evaluation of the monitoring
programmes advocated by the EPA for the assessed artificial waterway
developments revealed a number of differences between -the projects.
Firstly, baseline monitoring was not always required, which may mean that
environmental impacts go undetected even if post-project monitoring is in place.
The lack of monitoring for biological parameters, particularly aquatiC biota, has
already been highlighted. There seems to be an assumption that if appropriate
water quality criteria are adhered to then aquatic life will be protected. The
example of Sorrento shows that this assumption is unjustified as there are more
sources of potential impacts on aquatic biota than through water quality alone.
Water quality monitoring for the artificial waterway developments was generally
required for the first three to five years of operation by the proponent, and on an
ongoing basis thereafter by the waterways manager. For monitoring to be effective
where impacts may be slow to emerge or cumulative, it is essential that
monitoring continues so that appropriate action can be taken early enough.
Furthermore, accumulated knowledge of how a system operates gained from
ongoing monitoring should allow the situation to be evaluated on an continuing
basis, so that changes can be identified before they become costly management
problems.
Monitoring, therefore, should be seen from the outset as a long-term
management commitment by the proponent in the same way as any other
management commitment. Monitoring programmes are costly, but the
accumulated information, together with feedback from similar developments,
would allow monitoring requirements to be reassessed and revised so that longterm monitoring could continue at a lower, but specifically focussed, level.
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Finally, a comment is warranted regarding the increasing tendency, referred to
earlier, of the EPA to set objectives in a broad way and leave the manner of
achieving them up to the proponent. For example, the conditions for Mindarie
Keys set out water quality criteria and stated that should water quality decline, the
proponent should take whatever steps are necessary to remedy it. This general
approach has many good points and allows the proponent a good deal of
flexibility. However, it is a potential area of information loss. Although the EPA
may not set out explicit directions and instructions for achieving objectives, it is
critical that at the end of the day they are aware of how the objectives were
achieved. While achieving objectives is clearly necessary, a knowledge of the
mitigating measures employed is essential in order to be able to assess future
proposals on the basis of accumulated experience. If this sort of information is not
available in monitoring reports or recorded formally by the EPA, the EPA misses
out on the feedback of how objectives were achieved and the expertise stays with
the proponents and their consultants. This means that the advantages of learning
from experience in the assessment of new projects and setting of conditions may
be largely foregone.
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APPENDIX: SUMMARY OF DATABASE ANALYSIS

I

ACfIONS

Subject of Actions

All
Projects

ComJ2leted
Projects

31
94

Concept
Layout
Design
Construction
Services
Management

114
48

36
30

15
52
55
30
22
16

Total

353

190

Table AI. Distribution of Actions by Subject of Action.
Design Change

All
Projects

Com12leted
Projects

Yes
57
No
120
No Information
6
Not Applicable Yet
93
No Longer Applicable 77

57
115
3
15
0

Total

190

353

Table A2. Distribution of Actions by Design Change.

II

CONDITIONS

Subject of Conditions

All
Projects

Comj2leted
Projects

General Recommendation
Concept
Layout
Design
Construction
Services
Water Quality
Management

69
28
12
204

10
3
5
41
24
15
6
89

Total

411

193

16
3
7
72

Table A3. Distribution of Conditions by Subject of Condition.

Origin of Conditions

All
Projects

Comj2leted
Projects

EPA Recommendation
Voluntary Commitment by
Proponent
Other

198

88

175
38

67
38

Total

411

193

Table A4. Distribution of Conditions by Origin of Condition.

III

Legal Status of Condi tions

All
Projects

Com\2leted
Projects

Ministerial Condition
Otherwise Binding
Not Binding
Not Set Yet

60
39
261
51

17
38
138
0

Total

411

19:2

Table A5. Distribution of Conditions by Legal Status of Condition.

Present Status of Conditions

All
Projects

Com\21eted
Projects

Completed
Ongoing
Not Applicable Yet
Redundant
No Information

175
48
141
23
24

143
25
18
0
7

Total

411

193

Table A6 Distribution of Conditions by Present Status of Condition.

Com\2liance

Yes In Detail
Yes In Effect
Yes In Part
(Total Yes
No
Not Relevant
No Information

All
Projects

Coml2leted
Projects

112
10
31

93
9
19
121)

153
212
24

22
43
7

411

193

22

Total

Table A7. Distribution of Conditions by Compliance.

IV

PREDICIlONS
Com~onent

Com~leted

All Projects

and Subject

Projects
Physical
Physical Processes
Water Quality
Groundwater
Biological
Biological
Social
Human
Economic
Recreation

140

338

59
70
11

121
162
55
139

65
65

139
106

188

Total

103
32
53

53
20
33

665

311

Table A8 Distribution of Predictions by Environmental Component and
Subject of Predicted Impact.
Order

All
Projects

Com!2leted
Projects

First Order
Higher Order

393
272

172
139

Total

665

311

Table A9 Distribution of Predictions by Order of Predicted Impact.
Predicted B)'

All
Projects

Coml2leted
Projects

Proponent
EPA
Other

536
49
80

239
30
42

Total

665

311

Table AI0. Distribution of Predictions by Origin of Prediction.

v

DeveloI2ment Phase

All
Projects

Completed
Projects

Construction
Operation
Both

99
494
72

60
217
34

Total

665

311

Table All. Distribution of Predictions by Development Phase of Predicted Impact.

Issue Categor)C

All
Projects

ComI21eted
Projects

Category 1
Category 2
Category 3

254
170
209

111
93
91

Total

633

295

Table A12. Distribution of Predictions by Importance of Predicted Impact.
Note: Predictions from Ocean Reef are not included since they did not have an
Issue Category rating.

Nature Of ImI2act

All
Projects

ComI2leted
Projects

Adverse
Beneficial
Neutral

440
99
126

217
43
51

Total

665

311

Table A13. Distribution of Predictions by Nature of Predicted Impact.

VI

Timescale

All
Projects

Com!2leted
Projects

Specified
Unspecified

59
606

33
278

Total

665

311

Table A14. Distribution of Predictions by Timescale of Predicted Impact.

All
Projects

Nature Of
Predictions

Com!2leted
Projects

Qualitative
Quantitative

587
78

278
33

Total

665

311

Table A15. Distribution of Predictions by Quantitative Nature of Prediction.

Prediction Probabili tx

All
Projects

Com!2leted
Projects

Certain To Occur
High
Medium
Low
Certain Not To Occur
Impossible To Assign Probability

227
98
85
104
107
44

118
39
38
45
53
18

Total

665

311

Table A16. Distribution of Predictions by Prediction Probability.

VII

Scale Of Prediction

All
Projects

Com12leted
Projects

Scale 1
Scale 2
Scale 3
Scale 4
Inevitable From Design
Impossible To Scale

197
218
115
7
60
68

115
78
50
3
34
31

Total

665

311

Table A17. Distribution of Predictions by Prediction Scale.

Auditable In Practice

All
Projects

Yes
No
Not Auditable In Theory
Project Did Not Proceed
Project Design Change
Not Applicable Yet
Assumptions Do Not Apply
No Data/Insufficient Data

166
499

Total

665

Com121eted
Projects
166
145
7
0
4
26
0
108

20
203
4
163
1
108
311

Table A18. Distribution of Predictions by Prediction Auditability.

VlII

Accuracy Of
Predictions

Completed
Projects

Accurate
Mostly Accurate
Accurate So Far
Total Accurate

84
17
28

Inaccurate
Mostly Inaccurate
Inaccurate So Far
Total Inaccurate

19
9
9

Total

129

37
166

166

Table A19. Distribution of Predictions by Prediction Accuracy.

IX

IMPACfS

Number

Component and Subject
Physical
Physical Processes
Water Quality
Groundwater
Biological
Biological
Social
Human
Economic
Recreation

42

Total

77

22
19
1

11
11

24
20
2
2

77

Table A20. Distribution of Impacts by Subject of Impact.

Development
Phase

No:

Construction
Operation

23
54

Table A21. Distribution of Impacts by Development Phase of Impact.

x

Issue Category

No:

Category 1
Category 2

36
27

Total

63

Table A22. Distribution of Impacts by Importance of Impact.
Note: Impacts from Yunderup and Ocean Reef are not included since they did not
have an Issue Category rating.

Predictive Success

No:

Accurate Prediction
Inaccurate Prediction
Not Predicted
No Predictions Made

34
17
18
8

Total

77

Table A23. Distribution of Impacts by Predictive Success.

Response To Impacts
Response Not Required
As In Conditions
Other Response
None

38
7

13
19

Table A24. Distribution of Impacts by Management Response to Impact.

XI

