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Executive Summary

On 28 December 2007 a fire started in Boorabbin National Park in the Western Australian Goldfields.
Fire suppression operations were initiated by the Department of Environment and Conservation WA
(DEC) on 28 December 2007 and operations continued until the fire was declared contained on 8
January 2008. In accordance with fire incident naming protocols, DEC gave the fire the official incident
name of “Goldfields Fire 13" (the fire also came to be generally referred to in the public domain as the
Boorabbin Fire).

Influenced by the remote location of the fire, the vegetation in which it was burning, and the prevailing
weather conditions in the days following the fire’s ignition, the fire grew to a final size of approximately
39,634 hectares by 8 January 2008. During the fire’s growth and major runs the fire posed significant
challenges for containment and control, and impacted high value infrastructure including the Great
Eastern Highway (GEH), high and low voltage powerlines, and the goldfields water pipeline. Tragically,
on Sunday 30 December 2007, two trucks travelling west along the GEH were overrun by the fire and
the three occupants died. A Coronial Inquiry will be conducted into the circumstances of the fire.

This report, prepared for DEC by GHD, provides a chronological account of the development of
Goldfields Fire 13. The focus of this report is how the fire developed and spread, not on the operational
management of the fire. The fire suppression operations are reviewed separately in the Goldfields Fire
13 - Operational Review (GHD, 2008).

Fire location and landscape characteristics

Goldfields Fire 13 occurred adjacent to the Great Eastern Highway in semi-arid sandplain country
between Southern Cross and Coolgardie. The sandplains of WA’s Goldfields region are highly fire
prone. In sandplain country, fire prone heath-scrub vegetation typically occupies the upland areas of the
landscape, with the lowest parts of the landscape occupied salt lakes. The lowland areas adjacent to salt
lakes, and in the broad shallow valleys that drain to them, are occupied by Eucalypt woodlands. These
woodlands typically have a very sparse understorey, often with large inter-connected patches of bare
earth, and therefore do not normally carry fires. A more detailed description of sandplain landscape
features, vegetation types and their fire characteristics is provided in chapter 3 of this report.

Weather conditions leading up to the fire

In the weeks and months leading up to the fire, the eastern goldfields area had experienced a severe
and prolonged period of drought. In the Boorabbin National Park area where the fire occurred, the six
months leading up to the fire were particularly dry and the vegetation was in a severely drought stressed
condition, rendering it even more fire prone than usual. The severe rainfall deficits during the winter and
spring months leading up to the fire were exacerbated by the effects of long term drought which had
affected the eastern goldfields for at least 3 years. A more detailed description of the seasonal climate
conditions leading up to the fire is provided in chapter 5 of this report.

Fire ignition, initial fire spread and response (phase 1)

The fire started during the early afternoon on 28 December 2007, in a truckbay on the northern side of
the GEH, approximately 80 km west of Coolgardie. A fire cause investigation carried out by a DEC fire
investigator identified the fire's point of origin in a strip of roadside vegetation and attributed the cause to
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either deliberate or accidental ignition by a person or persons unknown. Fanned by S/SE winds the fire
spread from the truckbay to mature heath-scrub vegetation adjacent to the goldfields water pipeline and
began to spread quickly north. During the afternoon and evening of 28DECO07, the fire spread
approximately 17.5 kilometres north. The fire’s run was sustained until about midnight, pushed by
strengthening southerly winds which averaged above 15 km/h through the evening. By midnight the fire
had burnt an area of approximately 2,219 hectares and had a perimeter in excess of 40 kilometres long,
posing a significant challenge for containment.

The fire was first reported to DEC’s Kalgoorlie office at approximately 15:00 and by 16:00 an initial attack
crew was dispatched to locate, reconnoitre and report back on the fire. The initial attack crew departed
with overnight provisions and equipment anticipating the requirement for extended operations and a
need to commence setting up an operations point for suppression operations. When the initial attack
crew arrived at the fire at approximately 18:00 the fire exceeded 200 hectares in size, and was
spreading strongly to the north with a large convection column which they had seen from Coolgardie (80
kilometres away). There was no constructive initial attack action that could be taken other than
monitoring and reporting on the fire’s spread and setting up an operations point for extended
suppression operations to commence the next day.

The Incident Controller, operating from the Kalgoorlie office, mobilised earthmoving machinery, fire
tankers, fire crews and incident management team resources to commence operations the following day.
A more detailed account of the fire’s ignition and spread on 28DECO07 and the response actions taken is
provided in section 6.1 of this report.

Fire escalation north of the Great Eastern Highway (phase 2)

During 29DECO7 the fire continued its growth north of the GEH. During the early hours of 29DECO07 fire
behaviour had reduced to creeping and smouldering activity, which continued until about 10:00, after
which active fire behaviour began to resume again. E/SE winds averaging around 11 km/h during the
day reignited hotspots on the western flank of the fire causing the fire to spread in a W/NW direction.
Unexpectedly, between 10:00 and 11:00 a significant ‘finger’ of fire developed at the heel of the previous
days run and ran through heath-scrub to the W/NW during the day at a rate of around 1 km/h. This finger
ran approximately 9 km during the day, opening up a significant new flank north of the GEH as it
progressed. Heath-scrub areas further north were burnt out from the western flank of the fire, and the
burnt area grew to approximately 4,169 hectares by nightfall.

In accordance with suppression strategies planned the previous evening, direct flank attack with
earthmoving machinery commenced during the morning as resources arrived at the fire. On the eastern
flank of the previous days run, approximately 12 km of containment line was constructed from the GEH
to the Merbine track. Approximately 8 km of containment line was constructed along the new SW flank
created by the run of the fire to the W/NW during the day.

From approximately 18:00, fire behaviour on the SW flank began to decline becoming patchy and
spreading sporadically making it increasingly difficult for earthmoving machinery to conduct direct flank
attack. By 19:00, fire spread had become so patchy and sporadic that containment efforts were
abandoned leaving approximately 2 km to reach a 2000 fire scar, towards which the fire was heading
and was expected to stop at.

At approximately 07:00 on 30DECO07 flank attack operations resumed on the SW flank. Earthmoving
machinery attempted to track the convoluted fire edge which had burnt the previous evening. By 11:00
the containment line had been completed through to the 2000 fire scar, however the last 2 km of the
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containment line wound tightly in and around the meandering fire perimeter, and numerous patches of
unburnt vegetation remained within the burnt area. During the late morning, fire began to jump the SW
flank containment line. Fire crews were able to contain the first hop-over which occurred at about 09:30,
but five subsequent hop-overs that occurred from 10:45 onwards were unable to be contained.

Weather conditions on the 30 DEC 07 were forecast to reach extreme, with strong N/NW winds
expected. As it turned out, weather conditions observed on 30 DEC 07 at Southern Cross (which are
indicative of the conditions at the fire) recorded the third hottest December day (45.2°C) at Southern
Cross ever recorded since measurements began in 1908, and a sustained period of extreme fire danger
(almost 10 hours continuous) that ranked in the top five for longest duration of extreme fire danger index
since FDI records for Southern Cross began in 1999 (BoM, 2008). As far as fire weather goes, it was a
very bad day.

At the time the hop-overs occurred around 11:00, the fire danger rating had already reached extreme,
and the wind was from the north averaging 24 km/h and gusting to 35 km/h. Under these severe fire
weather conditions the hop-overs spread rapidly south toward the GEH at a rate of around 4 km/h and
ran through the 2000 fire scar and across the highway. For safety, all suppression operations were
abandoned and crews withdrawn to pre-planned safety zones, and roadblocks were established on the
GEH immediately east and west of the fire impact zone on the highway.

A more detailed account of the fire's development on 29 DEC 07 and during the morning of 30 DEC 07,
and suppression activities undertaken, is provided in sections 6.2 and 6.3 of this report.

Fire escalation south of the Great Eastern Highway (phase 3)

Having crossed the GEH at about midday, the fire spread rapidly south in mature heath-scrub. Observed
rates of spread approached 9 km/h. By 13:30 the fire had reached a large expanse of Eucalypt
woodland about 10 km south of the GEH which halted the fire’s southerly spread. During the afternoon,
transient changes in wind direction from the NW to the W/NW periodically fanned the eastern flank of the
fire creating new fire fronts which ran strongly to the SE when the winds returned to the prevailing NW
direction. Periodically, tongues of fire formed in the unburnt heath-scrub north of the GEH and these ran
south as narrow fingers to the highway.

Large numbers of vehicles built up at the road blocks during the afternoon, with motorists held at hot,
windy and dusty parking bays exposed to mid-afternoon sun with the temperature over 40°C, and
without access to drinking water or food. Public safety and welfare at the roadblocks became a
significant issue. During the afternoon, convoys of traffic were periodically escorted through the
roadblocks during periods when fire activity on the highway diminished, with fire activity observed and
‘windows of opportunity’ identified to ground crews from a helicopter positioned over the highway.

By 19:00 the full width of the southern fire perimeter was contained by a large expanse of Eucalypt
woodlands and salt lakes. Fire behaviour along the uncontained eastern flank south of the highway had
began to decline significantly as the wind speed dropped becoming light and variable. This lull in wind
speed was due to the influence of an approaching trough which was forecast to bring a gusty S/SW
change to the fireground between 19:00 and 20:00.

Just before 20:00 the S/SW change arrived at the fire. With the temperature still above 39°C and the
relative humidity below 10%, fire behaviour along the eastern flank escalated quickly when impacted by
the strong SW winds that arrived with the change. With the passage of the trough across the fire ground,
the winds continued to back quickly to the south. Fire behaviour along the highway adjacent to the
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eastern flank had escalated by 20:15, and a wide fire front that had formed 3 to 4 km south of the
highway was running strongly north through Tamma scrub — a low dense highly fire prone form of scrub-
heath — towards the highway, spreading quickly at a rate of around 4 to 6 km/h.

Between 18:50 and 19:15 (during which time the pre-trough lull in wind speed was occurring), DEC’s
helicopter conducted a fire reconnaissance flight over the southern extent of the fire. The Air Observer
reported that the fire had stopped running, observing that fire behaviour on the eastern flank had
reduced considerably (mostly smouldering and low flames around half a metre high, with the most active
fire behaviour being at the far southern extent of the flank with flame heights at most of 1 to 2 metres).
Upon receiving this report, the Incident Controller ordered the re-opening of the Great Eastern Highway
to traffic at approximately 19:20, with sentries to be placed on the highway east and west of the burnt
area for the purpose of monitoring fire behaviour and re-closing the highway should the need arise. An
unescorted convoy that had departed from Yellowdine (west of the fire) passed through the fire area just
before 20:00 without incident. A convoy from Bullabulling (east of the fire) escorted by WA Police passed
through the fire area just after 20:00, without incident, and with no escalation in fire behaviour apparent
adjacent to the highway at that time.

By approximately 20:25, an unescorted convoy, which had departed from Coolgardie, began to arrive at
the fire, by which time fire behaviour had escalated significantly adjacent to the highway. Some vehicles
in the Coolgardie convoy drove through the fire affected area getting through to the west, however
others, not willing to drive through the burning area, pulled over along the highway east of the fire
affected area. The eastern fire sentry went to the aid of a truck which had not stopped, and got into
difficulty during its passage through the fire. The eastern sentry became stranded on the western side of
the fire, as the fire behaviour escalated to the east of his position, preventing his passage back through
to the east of the fire. This left the eastern side of the fire without a sentry to re-close the highway, with
vehicles in the Coolgardie convoy continuing to arrive at the fire.

Four trucks, which had attempted to proceed through the burning area, did not make it through.
Tragically, two of these trucks were impacted by fire during their attempt to drive through the fire
(between 20:35 and 20:45) at the time the main fire front was arriving at the highway from the south. The
fire front which impacted the two trucks was intense and fast moving. The three occupants of the two
trucks died when the truck cabins in which they were sheltering became engulfed in flames. The fire
crossed the highway and continued spreading to the north until it ran into a 2006/07 fire scar late in the
evening.

During the extreme fire weather conditions of 30 DEC 07, the fire expanded from 4,169 hectares to
21,502 hectares. A more detailed account of the fire's development during the afternoon and evening of
30 DEC 07, is provided in sections 6.4 to 6.6 of this report.

Fire growth and containment after 30 December 2007 (phase 4)

Having undergone major growth on 30 DEC 07, the entire 21,502 hectares of fire was uncontained. Fire
spread to the south from the southern perimeter of the fire was restricted by the large expanse of
Eucalypt woodlands and salt lakes however the northern, eastern and western sections of the fire
perimeter were not contained by natural features. Detailed accounts of the fire’s development and
suppression activity undertaken on each day from 31 DEC 07 to 8 JAN 08 are provided at sections 6.7
to 6.15 of this report. The fire development and suppression activity during the period 31 DEC 07 to 08
JAN 08 is summarised below:
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»

»

»

»

»

»

On 31 DEC 07, SE winds averaging more than 15 km/h during the day resulted in significant
expansion of the fire, most notably from the western flank south of the GEH and the NW perimeter
of the fire north of the GEH. The burnt area expanded to 28,705 hectares, and an additional 80 km
of fire perimeter were added to the already substantial uncontained fire perimeter. Suppression
activity was negligible during the day in the aftermath of the fatalities the previous evening and the
need to re-close the highway.

On 01 JAN 08, winds were predominantly from the E/SE and relatively light averaging around 12

km/h during the day. Fire growth was modest (654 hectares) during the day, with the greatest area
of growth being on the western flank south of the GEH. Containment line construction commenced
north and south of the highway on the eastern flank and south of the highway on the western flank.

On 02 JAN 08, winds were from the NE and relatively light averaging around 10 km/h. Fire growth
was relatively small (about 74 hectares), with mostly patchy fire activity on the NW perimeter of the
fire. Fire containment on the eastern and western flanks of the fire south of the highway was
completed through to the woodlands which naturally contained the southern perimeter of the fire.

On 03 JAN 08, winds were predominantly from the N/NE, fresh during the morning (averaging 15
km/h) and becoming lighter in the afternoon, averaging less than 10 km/h. Fire growth activity was
confined to the uncontained NW perimeter of the fire, with the fire burning about 831 hectares during
the day. Suppression activity was focussed on consolidating the containment work achieved over
the past two days and commencing containment line construction along the southern perimeter of
the fire to link the containment lines on the eastern and western flanks.

On 04 JAN 08, fresh SE winds averaging above 15 km/h fanned the fire throughout the day. The fire
made significant runs from the uncontained NW perimeter, expanding by approximately 2,254
hectares during the day. Much of this spread was through heath-scrub burnt approximately 12 years
earlier. Containment activity along the southern fire perimeter was completed and work commenced
to extend containment lines on the NE and SW flanks north of the highway, along flanks, which had
burnt on 28 DEC 07 (NE flank) and 31 DEC 07 (SW flank).

On 05 JAN 08, fresh SE winds (averaging around 14 km/h) again fanned the fire through the day.
The fire made another significant run to the NW mostly through long-unburnt mature heath-scrub,
and some areas of 12 year old heath-scrub. At the north west extent of the fire’s run, it ran into a
large expanse of woodland which halted further westerly spread of the fire. The fire expanded by
about 3,893 hectares during the day, making it the second largest day of fire growth. Containment
activity was focussed on extending containment lines along the SW flank, and on scrub rolling
operations under the 220 kV powerlines to reduce the potential fire to reach the GEH should NE
winds eventuate in future days.

On 06 JAN 08, winds veered to the east and reduced in strength from the previous two days,
averaging less than 10 km/h for much of the day. Fire growth was confined to an area of long-
unburnt heath-scrub on the western flank of the fire, with the burnt area growing by approximately
1,504 hectares during the day. Containment lines along the NE and SW flanks of the fire were
extended significantly during the day.

On 07 JAN 08, the wind was predominantly from the east, averaging around 12 km/h in the morning,
and reducing to less than 10 km/h in the afternoon. Fire spread was negligible, restricted to some
small pockets of vegetation burning out well inside the containment lines. Containment lines along
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»

the SW flank were completed all the way through to the woodlands at the western extent of the fire
leaving about 10 km of containment work to be completed on the far northern extent of the fire.

On 08 JAN 08 there was no further fire growth and containment lines around the entire fire
perimeter were completed.

Fire behaviour analysis

Analysis of the fire behaviour that occurred during Goldfields Fire 13 can lead to improved understanding
of sandplain scrub-heath fire behaviour. Chapter 7 of this report provides a detailed, operationally
focussed analysis of fire behaviour and identification of potential operational implications. Chapter 8 of
this report provides conclusions, chiefly relating to fire behaviour and implications for operational
practice. These are summarised below:

»

»

»

»

»

»

»

»

Wind speed was a most significant factor contributing to the growth of Goldfields Fire 13. The major
fire runs occurred on days when the wind speed was near or above 15 km/hr. These conditions
occurred on 5 of the 12 days during the fire but accounted for more than 87% of the area burnt
during the fire. On days when the average wind speed was 10 km/hr or less, fire growth appears to
have been restricted to areas containing mature heath, rates of spread were low, and burning
patterns patchy.

Fire scars were found not to limit fire spread to the extent previously thought by experienced local
fire management practitioners. Under extreme conditions, fire spread through a 7 year old fire scar.
In conditions when wind speeds were close to or exceeding 15 km/hr, fire spread was sustained
through areas burnt 12 years before.

Mature Eucalypt woodlands serve as a barrier to fire spread in sandplain landscapes, where their
dimensions are sufficiently large. Fire penetrated through isolated woodland patches, and through
narrow sections of woodland and areas where woodland and heath components occurred together.

Time of day is not a reliable indicator of fire behaviour in the vegetation of the Goldfields region (or
anywhere else). The potential behaviour of fires in heath-scrub fuels in the Goldfields is determined
by their fuel moisture content, the wind speed, and the structure of the vegetation (particularly the
arrangement of near-surface fuels). Slope is not usually a significant factor in the landscapes of the
Goldfields.

Head fires continued to run well into the night, to at least as late as midnight, when fuel moisture
conditions and wind speeds provided conditions conducive to fire spread.

The flanks of heath-scrub fire runs remained active whilst fuel moisture conditions supported active
combustion (FMC of 8% or less used in the Mallee-heath model is likely to be relevant for the
Goldfields). Flank fires commenced spreading as head fires as transient shifts in wind direction
affected the fire. This was particularly evident along the eastern flank during the southerly run of the
fire during the afternoon of 30 December 2007.

Flank fire activity extending through the night (smouldering) occurred where coarse fuels were
present (>25mm diameter), and in some locations where large dead branches and logs were
available, fire activity extended to several days.

At approximately 20:00 on 30 December 2007, the NE flank of the fire, which had only an hour
earlier been observed to have low, declining fire behaviour during near-still wind conditions, was

21/16656/138284 Goldfields Fire 13 (Boorabbin Fire)

Fire Development Chronology



p—
[

impacted by a S/SW wind change with significantly increased wind speeds, and became active
along its length, developing quickly into a fast moving fire front.

» Table 3 of DEC's fire behaviour guidelines for Mallee-heath in southern Western Australia appears
to provide reasonable fire behaviour predictions for mature heath-scrub in the Goldfields. It appears
likely the Mallee-heath model will over-predict rates of spread for younger age classes of heath-
scrub, and under-predict rate of spread through Tamma Scrub (and potentially other heath scrub
assemblages) which has different vegetation structure characteristics than Mallee-heath. Adaptation
of the Mallee-heath model for use in Goldfields scrub-heath vegetation is worthy of consideration.

» Fire containment activity was most successful in limiting fire growth where machines could be used
to closely track the edge of wind driven sections of fireline. Along the western end of the SW flank of
the 29 DEC 07 fire run, where the fire was not wind driven and left a convoluted fire edge with a
mosaic of burnt and unburnt patches inside the containment line, a standard single pass control line
was not effective, particularly as it was subject to severe northerly fire winds.
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1. Introduction

On 28 December 2007 a fire started in Boorabbin National Park in the Western Australian
Goldfields. Fire suppression operations were initiated by the Department of Environment and
Conservation WA (DEC) on 28 December and operations are continued until the fire was declared
out on 8 January 2008. In accordance with fire incident naming protocols, DEC gave the fire the
official incident name of “Goldfields Fire 13" (the fire also came to be generally referred to in the
public domain as the Boorabbin Fire).

Influenced by the remote nature of the location of the fire, the vegetation in which it was burning,
and the prevailing weather conditions in the days following the fire’s ignition, the fire grew to a final
size of approximately 39,634 hectares by 8 January 2008. During the fire’s growth and major runs
the fire posed significant challenges for containment and control.

Tragically, on Sunday 30 December 2007, two trucks travelling west along the Great Eastern
Highway were overrun by the fire and the three occupants died. The tragic incident was widely
reported in WA and national media. A Coronial Inquiry will be conducted into the circumstances of
the fire.

DEC is undertaking a series of reviews of the fire and related matters to determine the facts and to
identify lessons that might improve fire management in the future. Reviews undertaken by DEC
will be made available to the Coroner.

On 22 January 2008, DEC engaged GHD to conduct this review titled “Goldfields Fire 13 — Fire
Development Chronology”. The review has been completed with the objective of providing:

» A description of the landscape attributes of the fire location;

» The basis of fire behaviour knowledge for the area and historical approaches to fire
suppression;

» An account of the fuel and weather circumstances leading up to the fire;

» A chronological account of the weather and fire development from ignition to completion
of suppression operations;

» An analysis of the fire behaviour which occurred in relation to existing knowledge and
historical fire behaviour in the local vegetation types; and

» An account of the fire suppression actions taken and their impact on the development of
the fire.

The scope of this review does not include assessment of operational management decisions and
actions taken before and during the fire. Such matters are addressed in a separate review titled
‘Goldfields Fire 13 — Operational Review”.
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2. Methods

GHDs investigation and construction of the fire development chronology for Goldfields Fire 13
commenced two weeks after fire suppression operations were completed. Accordingly, physical
evidence in the burnt area was still in a recent post-fire condition supporting good field investigative
conditions, and the memory recall of those present at the fire was still relatively fresh.

Even with the advantage of commencing investigations as promptly as practicable after the fire,
reconstructing the spread and behaviour of a large fire, which burnt over a period of nearly two weeks, in
a remote area of semi-arid Western Australia is a difficult task. There are a number of factors, which
make the task difficult:

» The area has a very low density of vehicular tracks from which firefighters might observe the location
of the fire at particular times. Therefore ground observations of the fire's location are often only
available for those sections of the fire that are immediately adjacent to the few tracks from which fire
crews were working;

» In the initial attack and early growth period of the fire, before ground resources begin to arrive in
numbers at the fire, there were very few people in the field able to make observations of where the
fire was at particular times;

» In the relatively flat sandplain landscapes of the area, there are few if any vantage points high in the
topography from which accurate assessments of fire location can be made;

» In the sandplain heath vegetation types, which support fast moving fires, it is normal that detailed,
accurate aerial mapping (eg from a helicopter) of the fire perimeter is not attempted as the maps are
quickly out of date. Rather, mapping techniques are typically rapid assessments of the approximate
location of the fire boundaries and actively burning sections. More detailed mapping is generally
focussed on sections of the fire that may be near assets requiring protection or near fire containment
features such as tracks; and

» Fires in sandplain heath vegetation typically grow quickly in windy conditions, and often burn in
multiple ‘fingers’ producing very long and complex fire perimeters, often with many unburnt patches
within the fire boundary. These factors, combined with the large size of the fire make fire mapping a
particularly complex and difficult task.

It can therefore be expected that fire mapping conducted in the course of fast developing fire, will provide
relatively accurate fire location information in those areas in which fire crews are actively working, but
beyond those areas, fire extent and location are approximations either from aerial reconnaissance
information or theoretical predictions of fire spread.

2.1 Information sources for fire spread and behaviour reconstruction

Given the dearth of ground based reports of fire location available, other sources of information and
interpretations of such information need to be used to reconstruct where and how the fire burned at
specific times. These include:

» Interpretation of satellite imagery in conjunction with weather data to reconstruct the movement and
intensity of the fire;
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»

Post-fire field assessment of the burnt area to observe physical evidence of fire direction and
intensity;

Maps of the assumed fire location prepared each shift by the Incident Management Team for
inclusion in Incident Action Plans;

Maps of the approximated fire location produced during aerial fire reconnaissance missions;
Photos taken from the ground or air of the fire location and behaviour at specific times;
Reports and diary notes from field staff of the observed fire location at specific times;

Fire location information provided through staff interviews, and DEC After Action Review and Post
Incident Assessment processes; and

Theoretical modelling of the fire spread and intensity fire from observed/known locations using fire
behaviour prediction models (which use fuel and weather data inputs).

GHD has used a combination of all the above fire information sources in constructing the chronology of
the fire’'s development.

2.2 Structuring the Chronology into logical and appropriate time blocks

Guided by the Scope of Works for the project, GHD has divided the fire chronology into two different
periods:

1. The period from when the fire started until 23:59 30 December 2007. This corresponds with the early

period of the fires development from ignition, until midnight of the day the fire fatalities occurred
(Sunday evening, 30 December 2007). The fire chronology for this period is given greater intensity of
review than the subsequent period. For this first period, the chronology is segmented as follows:

Phase 1 Fire ignition to midnight 28 DEC 07

Phase 2 00:01 — 12:00 noon 29 DEC 07
12:00 noon — midnight 29 DEC 07
00:01 — 12:00 noon 30 DEC 07

Phase 3 12:00 noon — 18:00 30 DEC 07
18:00 — midnight 30 DEC 07

. The second period is from 00:01 31 December 2007 until completion of fire control operations on 8

January 2008 (referred to as Phase 4). This period in the chronology is given less intensity of focus
than the first period. For this second period, the chronology is segmented as follows:

a. A dalily analysis of the fire development from sunrise to nightfall for each day in the
period 31 DEC 2007 to 8 JAN 2008.
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2.3 Satellite Imagery interpretation

Interpretation of satellite data and derived imagery was from two sources:
1. MODIS Infra red sensor (through Sentinel Hotspots).

Sentinel currently obtains data from the NASA Earth Observation Satellites Terra and Aqua. These
satellites orbit the Earth collecting data in a path 2330 km wide. They pass over Australia at least
once a day but sometimes the track alignment provides up to three passes. The raw image data is
received by Geoscience Australia and processed to create a surface temperature image known as
the MOD14 product. Locations of high temperature are identified and extracted from the image into a
small text file and are then fed into a spatial database. From there, the data can be queried and
added to dynamically-created maps using a web-based mapping system.

Sentinel hotspots is a useful tool for identifying areas of significant fire activity at the time of the
satellite pass (usually once a day but sometimes more often). There are limitations to using Sentinel
data for fire location:

» The hotspot location is only accurate to a distance of 1.5 km at best;

» The system only detects heat sources that are sufficiently large and hot to be within the
systems detection parameters (not specified). This means that small fires or areas of fire
burning at low intensity or smouldering are unlikely to be detected; and

» The system may not detect fires or sections of fires that are obscured by cloud.

The system is widely used by fire authorities and land managers to identify the general location (within
the systems accuracy limitations) of the actively burning sections of established fires.

GHD’s use of the Sentinel hotspots data in preparing this report has been as a means of corroborating
fire location derived from other sources, or in the absence of any other sources it is used in conjunction
with theoretical fire spread predictions.

2. SPOT 5 Normalised Differential Vegetation Index (NDVI)

DEC obtained satellite data from the French SPOT 5 satellite (sourced through Raython Australia)
for the burnt area. On 12 January 2008, a cloud-free image was successfully captured.

The data set obtained consists of four spectral bands in various spatial resolutions and has an
average of 14-metre RMS error in the horizontal accuracy. Fire Management Services of DEC
produced a pseudo-colour composite map made using Shortwave IR (1.58-1.75 um), Green (0.5-
0.59 um) and Near IR (0.78-0.89 um) as Red, Green and Blue, which enhanced the fire signature to
the fullest extent possible even though the Shortwave IR is in a 20 m resolution (other spectral
bands are in 10m resolution). To achieve a fine resolution for the post-fire assessment, the
panchromatic band (0.51 - 0.73 pum) in a 5 m resolution was used to ‘sharpen’ the pseudo-colour
composite.

The SPOT 5 image produced enables the viewer to differentiate between burnt and unburnt areas,
between scrub heath and Eucalypt woodland vegetation types, the location of old fire scars, roads,
tracks and containment lines, and to make interpretations of fire spread direction and intensity. GHD
made extensive use of the SPOT 5 imagery in determining location of area burnt, direction of fire
spread and indications of fire intensity.
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2.4 Post-fire field assessment

As fires burn they leave behind physical evidence that provides indications of the direction and intensity
of the fire, and of course it is possible to locate burnt and unburnt areas.

GHD staff conducted field visits to the fire to conduct post-fire assessment and gain a landscape
perspective of the fire site. On 23 January 2008, Paul de Mar and Dominic Adshead (GHD),
accompanied by Ryan Butler (DEC Goldfields Regional Fire Coordinator (GRFC)), conducted field
observations along the Great Eastern Highway, and in the fire area to the north of the highway where the
fire burned during the first two days of the fire. On 24 January 2008, Paul de Mar (GHD) accompanied by
DEC staff Mr Rick Sneeuwjagt (Manager, Fire Management Services), Dr Lachlan McCaw (Program
Leader Landscape Conservation Science Division) and Ryan Butler (GRFC) revisited the fire site. Field
observations focussed on the section of the fire south of the Great Eastern Highway where the fire made
its largest run on 30 December 07 and from where the fire made its run impacting the highway section
where the fatalities occurred. In the afternoon of 24 January 2008, de Mar, Sneeuwjagt and McCaw flew
over the fire in a light aircraft to view the maore remote sections of the fire and gain a landscape
perspective of the fire runs and the extent of fire containment actions taken during the fire.

Indications of fire direction at particular locations were observed from such indicators as:

» leaf freeze (a phenomenon where the vegetation that is bent over by the force of the wind is ‘frozen’
in that position as the fire front moves through);

» The direction of fire flanks, which are aligned with the wind direction, and unburnt strips of vegetation;
and

» The charring patterns around the base of larger vegetation particularly trees.

Indications of fire intensity at particular locations were observed from such indicators as:
» The degree of vegetation and ground fuel consumed by the fire;

» The degree of vegetation mortality (particularly at the Salmon Gum Woodland fringes);
» The patterns of crown scorch (height and extent of patches) caused by the fire;

» The degree of patchiness within the fire;

» The characteristics of the vegetation through which the fire burnt (assessed from areas of nearby
vegetation that did not get burnt);

» Any topographic features of the landscape that may have influenced fire spread and intensity; and

» The location of fire breaks and suppression works which had an impact on fire intensity.

2.5 Maps of the fire created during the firefighting operations

A significant number of maps were produced during the firefighting operation. These ranged from rough
hand-drawn maps in notebooks/diaries, to maps drawn on planning whiteboards, hand-drawn fire
boundary locations drawn on mapsheets and fire maps produced using Geographic Information Systems
(GIS).
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Sources of information used in preparing the maps included situation reports from field crews, ground
observations, fire reconnaissance from the air (helicopter), Sentinel hotspots data and theoretical fire
spread predictions using fuel and weather information.

The general quality and accuracy of the fire maps improved as the incident progressed. In the early
stages of the fire, when mapping resources and fire observation information was limited, maps were
commensurately limited in their detail and accuracy. Mapping detail and accuracy increased markedly as
the Incident Management Team became established (and resources for fire mapping were set up),
numbers of ground resources increased providing a higher level of ground observations from the fire,
and as the helicopter allocated to the IMT was able to be tasked to aerial fire reconnaissance.

In preparing this report GHD has relied predominantly on the maps produced during the fire, particularly
for the period 31 December 2007 to 8 January 2008 when a full Incident Management Team with high
quality mapping capability had been established.

2.6 Photos and video footage of the fire

During the course of the fire, many photos were taken by a range of people including those involved in
the firefighting operation and members of the public. For those photos where the location, view direction
and time can be reliably established, the photos provide valuable visual evidence of the fire behaviour for
the particular location and time.

DEC provided GHD with access to an extensive range of photos, and some video footage taken by DEC
staff during the fire. Where reliable location and time information was supplied with the photos, GHD has
used a number of the photos in our assessments of fire behaviour and location, and has used a number
of the photos in this report to provide a visual record of fire activity.

2.7 Other fire location and behaviour information sources

Only a relatively small volume of the available fire location and behaviour information is ever committed
to paper in fire planning documentation and records. A large amount of such information is held in the
memories of those who were at the scene of the fire, observing the location and fire behaviour at the
time. This is a most valuable, and often overlooked, source of fire information. Whilst some of this
valuable information comes out during After Action Review (AAR) and Post Incident Analysis (PIA)
processes, much of the more detailed information for particular locations at specific times is gained
through interviews with those in a position to observe the location and behaviour of the fire at the time.

GHD conducted an extensive range of interviews with people present at the fire, particularly during the
first three days (28, 29 and 30 DEC 07). From the interviews, GHD has been able to access a significant
amount of valuable fire location and behaviour information that is unavailable from other sources, or
which assists by providing a first hand visual confirmation of other information sources.

2.8 Weather information and assessment

Climate and weather data (predicted and observed) was collected from the nearest Automatic Weather
Stations (AWS), located at Southern Cross Airport (approximately 100 km west of the fire area), and
Kalgoorlie-Boulder Airport (approximately 200 km east of the fire area). This data was supplied by the
Bureau of Meteorology (BoM) Western Australian Regional Office. Climatology information, compiled
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specifically for Goldfields Fire 13 also supplied the BoM, was contained within their report on the
meteorological aspects of the fire prepared at the request of the WA State Coroner’s Office.

Field observations of weather at the fire were taken at the staging area established by DEC at
Koorarawalyee in the near vicinity of the fire. Field weather readings at Koorarawalyee were assessed by
wet and dry temperature bulb thermometers sited in a Stevenson screen providing temperature and RH,
a wind sock for assessment of wind direction, and Kestrel brand hand held anemometer to measure wind
speed at 1.5m with some windfield interference from structures situated on the Koorarawalyee site.

It should be noted that wind speeds predicted by BoM, and observed at BoM AWS sites, are recorded at
a height above ground of 10m in the open with the area around the anemometer clear of obstructions for
a minimum distance of 100m. Therefore it can be expected that the winds speed measured in the field at
the staging area at Koorarawalyee should be significantly less than the wind speeds predicted by BoM
for the area.

Although the weather conditions observed at the BoM AWS site in Southern Cross may not precisely
represent the conditions present in the fire area (which was 100 km east of Southern Cross), data
interpolation between Southern Cross and Kalgoorlie BoM weather data (and cross checking with the
weather observed locally at Koorarawalyee) is considered the best available method of estimating actual
weather conditions at the fire.

2.9 Methods for theoretical prediction of fire behaviour

No scientific research to develop fire behaviour models for different fuel and weather conditions has ever
been conducted in the sandplain heath-scrub or Salmon Gum Woodland vegetation communities that
dominate the area where the fire occurred. In the absence of local sandplain heath-scrub vegetation-
specific fire behaviour models, to develop the fire behaviour predictions provided in this chronology, GHD
has used the Mallee-heath fire behaviour model developed by DEC principal fire scientist Dr Lachlan
McCaw. The model used by GHD is the model issued in DEC'’s Fire Protection Instruction 16 (FPI 16)
Fire Behaviour Guidelines for Mallee-Heath in Southern Western Australia. Although the south coast
mallee-heath vegetation differs in species composition from that in the fire area, they are similar in
structure, and therefore are considered the most relevant fire behaviour model available for application to
the sandplain heath vegetation of the area.

To use the model it has been necessary to decouple Table 3 from the model, discarding Tables 1 and 2
which are time of day based weather models that provide the Fuel Moisture Content input variable for
Table 3. These are not applicable to the Goldfields region, and therefore GHD has estimated Fuel
Moisture Content using Fuel Moisture Table M1 from the Fuel Assessment and Fire Behaviour Prediction
in Dry Eucalypt Forest Field Guide (Interim Edition 2007), cross checking these with pre-seabreeze
influence period of Table 2 in the Mallee-heath fire behaviour model.

More detailed discussion about the basis of fire behaviour understanding for the area, and historic
approaches to fire suppression is contained in section 4 of this report.
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The FPI 16 Table 3 used by GHD for scrub-heath fire behaviour prediction in this report is reproduced
below:

TABLE 3: FORWARD RATE OF SPREAD OF FIRES IN MATURE MALLEE-HEATH
SHRUBLAND

This table predicts the forward rate of spread of an established fire with a frontal width of
150 mor greater.

Wind speed is measured in the open at 2 m or 10 m above ground level and represents the
average valueduring a 10 minutesinterval.

The moisture content of shaded litter fuels may be measured directly in the field with a moisture
meter or predicted according to the weather conditions using Table 1.

WIND SPEED (KM/H)
at 2m 4 7 11 14 18 22 25 29
at 10 m 5 10 15 20 25 30 35 40
SHADED FORWARD RATE OF SPREAD
LITTER (M/H)
MOISTURE
CONTENT
(%)
10 350 725 1110 1500 1900 2300 2700 3110
9 390 810 1240 1675 2120 2565 3015 3465
8 435 905 1380 1870 2365 2860 3365 3870
7 485 1010 1545 2090 2640 3195 3755 4320
6 545 1125 1720 2330 2945 3565 4190 4825
5 605 1255 1920 2600 3285 4000 4680 5385
4 675 1400 2145 2900 3670 4445 5225 6010
3 755 1565 2395 3240 4095 4960 5830 6710

Tables have been developed using data from experimental firesin 20-year-old Eucalyptus
tetragona mallee-heath at the Stirling Range National Park, and fire spread observations made
on a number of high intensity wildfiresin mallee-heath.

For discussion on the applicability of FPI 16 to Goldfields heath-scrub vegetation, see section 4.2.
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2.10 Fire Chronology — presentation of results

The fire development chronology section (section 6) of this report has been structured to present the
following fire development chronology information:

» Weather forecast and observations during the chronological period;
» Description of the fire spread and behaviour during the chronological period;

» Suppression strategies/activities, their impact on fire development and the number and type of
resources used to achieve them;

» Fire maps for relevant intervals during the chronological period; and
» Any alterations of planned suppression strategies that took place during the chronological period.

In presenting the fire development chronology information as categorised above, photos have been used
as appropriate to enhance the descriptions the fire behaviour that occurred.

21/16656/138284 Goldfields Fire 13 (Boorabbin Fire) 9
Fire Development Chronology



3. Landscape, vegetation and the fire environment

3.1 Location
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Map 1 Location of Goldfields Fire 13
3.2 Landscape characteristics

The landscape of the area is characterised by a series of sandplains and broad valleys. Features within
the gently undulating topography include long shallow salt lakes, low hills, and dissected ranges. The fire
occurred on a sandplain which runs north-south across the Great Eastern Highway (GEH) and lies
between Boorabbin and Koorarawalyee. The higher parts of the sandplain occur along the GEH in
Boorabbin National Park, gently falling away to salt lake systems about 12 kilometres south of the GEH
and 30 kilometres north of the GEH. The sandplain on which the fire occurred extends in a north-south
direction measuring approximately 40 kilometres in length, with an east-west width of about 12
kilometres. The broad expanse of sandplain is dissected by shallow drainage features which drain the
upland sandplains to salt lake chains in the lower parts of the topography.

The sands and gravely sands of the sandplains are highly leached, low in nutrients and support heath-
scrub vegetation communities. The shallow drainage basins extending into the sandplains, and the lower
parts of the topography surrounding salt lakes contain sandy loams and support Eucalypt woodlands.
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3.3 Climatology

The western Goldfields area where Goldfields Fire 13 occurred lies in the arid to semi-arid zone of
Western Australia.

Australia

Northern Territory

Bl Equatorial
Bl Tropical
Subtropical
Bl Desert
Grassland
I Temperate

3.4 Vegetation

Vegetation in the area is described as belonging to the Coolgardie 2 — Southern Cross subregion within
the Coolgardie Botanical District. The main fire runs of Goldfields Fire 13 burnt through sandplain heath-
scrub vegetation communities. Areas of Eucalyptus Woodland occurring in the shallower valleys of the
gentling undulating topography were impacted by fire on their fringes, and generally served to contain the
spread of the fire.

The main sandplain vegetation assemblages burnt in the fire were:

» Heath-scrub a diverse, partly open shrub assemblage which occurs on leached sands in upland
areas of the landscape. The shallow, highly leached soils typical of the upland areas of the
sandplains, support low open shrub assemblages progressing to taller shrublands, some with Mallee
components on the deeper sands and gravels of the mid to lower slopes. Heath-scrub supports a
diverse vegetation community featuring Acacia, Hakea, Grevillea and Callitris and Mallee Eucalypt
species.
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