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METEOROLOGICAL ASPECTS OF THE TUMUT FIRE EXPERIMENT
By G.U, Wilson
Bureau of Meteorology, Melbourne

{Manuscript received February 1969)

ABSTRACT

A mass fire experiment was held on 1 April 1968 in
Bondo state forest near Tumut, New South Wales, in
which a 32,6 acre compartment of felled, dried eucalypt
timber was ignited at many points simultaneously.

The weather was mild at the time of ignition, the
ambient temperature being 66°F, the relative humidity
45 percent and the surface wind velocity WSW at
4 m sec”™". The surface wind flow was turbulent up to
and at the time of ignition.

Atmospheric soundings in the region indicated con-
ditional instability to 14, 000 ft or higher, so that the
release of heat energy and water vapour by the fire led

" to the formation of a cloud-topped convection column,
a process which was assisted by the light wind structure’
aloft; wind speeds to 8000 ft ranged from 1 to 4 m sec-!

Six anemometers at 2 m and three at 10 m above
ground level were located up to 90 ft from the fire
around its perimeter. After allowing for the ambient
wind, the fire induced an inflow with speeds as high as
15 m sec™! normal to the fire perimeter. Fluctuations
in the total inflow coincided with variations in fire
intensity. There was some evidence of a light wind
component tangential to the fire perimeter and directed
in a cyclonic sense, but the effect was largely masked
by an upslope component of the fire-induced wind.

Vertical wind speed was measured at 10 m above
-ground near the fire centre, The record showed very
turbulent wind flow during and following the active
phase of the fire, with sustained but light downdrafts
for periods of about one minute. The mean upward
speed reached a maximum value of 2.9 m sec™'., A
significant positive correlation was found between the
range of vertical wind gusts at 10 m and the inflow
component of the wind at the 2 m level,
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1. INTRODUCTION

An exploratory mass fire experiment was conducted on 1 April 1968 in
Bondo state forest, 16 miles east of Tumut, New South Wales, in gently undulating
country at an elevation of 2700 ft. The project was a cooperative venture in which
several Commonwealth and State research organisations participated.

The site burned comprised 32,6 acres of felled mountain gum (Euc,
dalrympleana) and peppermint gum (Euc, robertsonii) which was unarrayed, The
total fuel loading on the site was 150 tons to the acre, and that available for burning
was approximately 54 tons to the acre. ’

The timber had been pushed down by bulldozers during October and
November 1967, and had been allowed to dry in situ during a summer in which
extreme drought conditions were experienced. On the day of ignition the moisture
content of the fuel ranged from 6.8 percent in the leaves and twigs to 10 to
12 percent in the larger fuel components, and as high as 25 to 30 percent at
ground level in some of the larger, shaded, fuel heaps (McArthur 1969), The
relatlvely high values of fuel moisture content were due to the rain which fell
during the preceding week, 1.60 inches being recorded on 24 March and
'0.22 inches on 30 March., The last fall of rain was followed by cool conditions,
and at the time of ignition (1403 EST on 1 April) the ambient air temperature
was 66°F and the relative humidity 45 percent.

The fire was an exploratory experiment, designed primarily to test a

. system developed by the Defence Standards Laboratories for the simultaneous
ignition of heaped fuel, and secondly to permit visiting scientists to prove various
systems for measuring physical fire character1st1cs such as flame temperature,
radiation intensity, etc.

The part played by the Bureau of Meteorology was restricted to the mea-
surement of surface wind velocities around the fire perimeter and the upper wind
profile. The results of these measurements are discussed in this report, with
emphasis on the effect of the fire on surface wind behaviour,

2. WIND OBSERVATION SITES

Six Lambrecht (Woelfle type) mechanical anemographs were set up on
short masts outside the boundary of the experimental site in the positions shown in
Fig. 1. The cups of the anemographs were at a height of 2 m above ground level,

The Lambrecht anemograph is designed to . record the wind velocity for
periods up to a month without any attention, in areas where power supplies are
unavailable, It has a chart speed of only 1 cm per hour, which makes the instru-
ment unsuited to this type of experiment where detailed wind data were required for
short time intervals, but they were the only type of portable wind recording instru-
ment available upon short notice.

Due to the physical nature of the country along the southern and eastern
flanks with its cover of half-burned fallen tree trunks, it was not possible to find a
completely unrestricted exposure for the anemographs at sites 2, 3 and 4. These
instruments were located where the timber on the ground offered the least resistance
to free air flow; they and the other anemographs were located between 70 ft and 90 ft
from the site boundaries.
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The Forest Research Institute set up three electrical cup anemometers as
shown in Fig. 1 at sites 1, 2 and 5 and a propellor type anemometer mounted vertically
near the centre of the fire site. All were mounted on masts at 10 m above ground '
level. The output of each cup anemometer was logged individually on single channel
Elliott analogue recorders with a chart speed of an inch in 10 minutes, whilst that of
the vertical anemometer was connected to a similar recorder with a chart speed of
50 inches per hour. '

Upper wind observations were made by tracking free hydrogen-filled
balloons with two theodolites set 1. 94 km apart, one located on the summit of a hill
to the north-west of the fire site and the other near the crest of a second hill to the
south-west of the fire site. Synchronous readings were taken at one-minute intervals
using walkie-talkie radios for communicating between sites. However, radio inter-
ference caused a loss of communication between sites at times, with the result that it
was necessary to assume a rate of ascent of the balloon when computing the results of
some flights.

3. SURFACE WIND DATA

Two factors militate against analysing accurately the low-level wind record
from the anemograph traces. First, the slow chart speed of 1 cm per hour limits the
accuracy of timing particular features in the wind flow and, although a wind analysis
is presented in this report providing data to the nearest minute, there could conceiv-
ably be an error in timing of one or, at the most, two minutes either way. Secondly,
in these particular instruments, the wind speed record is heavily damped so that it is
possible to read off the average wind speed only and not the values of each gust and
1ull in the wind flow, as is possible from the record of the electrical cup anemometers.

A detailed analysis of the wind at each of the six anemograph sites (at 2 m
above ground level) is given in Table 1, which lists significant changes in wind speed
and direction at each site during the period 1330 EST to 1530 EST,

During the morning, and the early afternoon prior to ignition, the surface
wind flow was turbulent over the whole experimental area and was characterised by
marked variations in the wind direction, There was a trend at all sites for the wind
to veer from approximately SSW towards WSW during the half-hour immediately
preceding the time of ignition, Mean wind speeds during this period ranged generally
between 3.0 and 4.5 m sec”™ . A speed as low as 2 m sec™! was recorded at site 2
over a period of some three minutes, and mean wind speeds as high as 6 to
10 m sec™! were observed for periods somewhat less than a minute at sites 2 and 6,
whilst at site 4 a sustained gust of 20 m sec-! was recorded.

The pattern of low-level wind flow after ignition is discussed in some
detail in Section 5 on low level convergence into the fire.
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Table 1. Variation with time (E,S,T.) of the wind direction (D), in degrees true, and
the wind speed (V), in m sec”!, ata height of Zm for sites’1 to 6 inclusive at Bondo

state forest on 1 April, 1968, Values of D and V prevailed from the time shown until .
the next entry. (VAR indicates a variable wind direction. )

Site I | Site 2 Site 3 T Site 4 | Site s Site 6

Timel v | b v | D v | D v.| D v | b v
1330185 3.5 205 2.5 180 3.0 |200 3.0 {195 3.5 | 245 3.0
1331 : ’

1332 | - 215 2.5

1333|180 3.5 200 2.5 225 3.0 | 225 3.5 | 200 3.0
1334 195 3.0 [200 4.5 230 3.0
1335 [ 160 3.5 190 2.5 : _

1336 | 210 3.5 210 2.5 230 4.5 | 200 4,5 | 240 - 9.0
1337 : 195 3.5 [195 4.5 :

1338 | 200 3.5 205 4.0 | 210 3.5 . 240 3.5
1339 | 250 3.5 285 3.5
1340

1341 220 .10.0 225 4.5

1342 | 240 2.0 240 3.5 220 4.5

1343 | 255 3.5 270 2.0 195 3.5
1344 260 3.5 {250 3,5 250 3.5
1345 | 240 3.5 | 220 4,0 {270 3.5
1346 260 4.0 250 ‘4.0 | 240 3.0
1347 255 4,0 ‘

1348 ' 230 3.5 {220 3.5 _

1349 | 260 3.5 220 4.5 | 215 4.0 | 240 4.0
1350 265 4.0 300 - 3.5 215 5.0 :
1351 | 255 3.0 240 3.5 {235 4.5

1352 240 4.0 210 3.5 205 4.0
1353 230 4.0

1354 |- ' . 255 3.5 | 270 - 4.0
1355 | 230 3.0 . 250 20.0

1356 : 215 3.5 225 3.5 [ 225 3.5

1357 : » 260 4,0
1358 | 250 3.0 210 3.5 225 3.5 {260 3.5 260 6.0
1359 : 260 3.0
1400 260 3.5 260 3.5 :

1401 [ 275 3.0 . 210 3.5 | 240 3,5 {220 3.0
1402 250 2.5 240 4,0 | 200 3.5 | 245 3.0
1403 250 3.5 240 3.5 | 250 3.5

11404 . : 240 4.0 , 245 4,0
1405 [ 230 3.0 245 4.0 |295 8.0

1406 [ 250 3.0 | 210 3.5 270 3.5

1407 { 220 3.5 330 7.0 ' 275 4,5 | 225 4,0
1408 ‘ 225 3.5 255 7.0 '

1409 220 20.0 330 5.0 |280 7.0 | 250 4,5 [240 © 4.0
1410 | 210 4.5 300 7.0 1190 4.5

1411 |~ 215 7.0 090 5.0 280 7.0

1412 | 260 4.5 355 5.0 [260 7.0 | 260 7.0 |195 3.5
1413 : 360 7.0 ‘ 1220 3.5
1414 210 4.5 055 7.0 [270 5.0 | 285 7.0

1415 | 270 - 4.5 280 - 7.0 | 220 6.0
1416 | 200 4.5 050 7.0 |320 5.0 265 6.0
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Note:

VAR indicates a variable wind direction

Table 1. (Continued)
| Time Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
D v D v D v D v D v D v

1417 280 5.0 _

1418 065 4.5 : 220 7.0 270 6.0
1419 {245 4.0 VAR 4.5 | 245 6.0 : 245 6.0
1420 » 255 7.0 | 260 6.0
1421 VAR 10.0 | 270 6.0 270 7.0 | 270 6.0
1422 210 30.0 260 7.0 | 270 4.0
1423 210 7.0

1424 {230 4.0 : 040 10.0 | 265 6.0

1425 {250 4.0 360 5.0 280 5.0

1426

1427 270 5.0 | 270 3.5
1428 210 5.0 045 5.0 | 270 4.5

1429 055 5.0 v

1430 | 250 4.0 210 5.0 010 5.0 | 270 4.5]| 270 5.0 270 3.5
1431 015 5.0 | 285 3.5] 260 5,0

1432 350 5.0 265 5.0

1433 (230 4.0 265 6.0

1434 320 5.0 275 6.0 295 3.5
1435 275 5.0 275 4.5

1436 | 280 4.0 : 270 3.5 | 240 4.5

1437 260 4,5

1438 [230 4.0 100 5.0 285 3.5
1439 285 4.5 | 285 3.0
1440 , 285 5.0 235 4.5

1441 | 255 4.0 335 5.0 {270 15.0 285 4.5
1442 010 5.0 | 300 4.5} 240 4.5 1 275 4.5
1443 {250 3.5 285 5.0 |

1444 , 200 5.0 250 4,51 240 14.0

1445 | 260 3.5 315 5.0 | 265 4.5 285 3.5

1446 | 255 3.5

1447 315 6.0 | 280 4.0 270 4.5
1448 [270 3.5 160 4.0 260 3.5

1449 230 4.0 285 6.0 230 4.0}
1450 270 4.0 260 6.0 300 3.5

1451 | 285 3.5 220 4.0 270 4.0

1452 280 10.0 270 3.5 | 240 4.0
1453 | 330 3.5 280 6.0 [ 290 4.0 :

1454 | 240 3.5 225 4.0 280 3.5 | 250 4.0 |
1455 330 6.0 | 280 4.0

1456 245 4.0

1457 270 3.5

1458 (240 5.0 225 4.5 270 6.0 {300 4,0

1459 [ 275 5.0 250 4.5 270 7.0 | 280 4,0| 280 3.5

1500 220 4.5 300 7.0 265 3.5

1501 270 7.0 265 4.0
1502 | 255 5.0 220 6.0 255 4.0

1503 [ 235 5.0 210 7.0 275 4.0

1504 (235 4.0 210 4.0

1505 270 4,0
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Table 1, (Continued)

Time Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
D V D Vv D v| b v | b v D v
1506 225 4.0 270 4.0
1507 245 4.0
11508 | 230 4.0 260 6.0 255 4.0 | 255 4,0
1509 285 4,5 .
1510 275 6.0} 260 4.5 245 4.0
1511 | 270 4.0 270 20.0
1512 | 245 4.0 280 7.0 265 8.0 270 4.0
1513 1250 4.0 270 5.0
1514 1 245 4.0 235 7.0 245 4,5 | 250 4.0
1515 | 235 4.0 255 4.0 | 260 4.0
1516 200 4.0
1517 150 5.0 265 4.0
1518 1270 4.0 220 4.0 280 . 4.5
1519 | 180 3.0
1520 | 250 3.0 240 3.5 240 4.0
1521 | 255 3,0 ' 300 3.5} 285 4.5 )
1522 | 235 4.5 175 4.0 300 10.0 , . '
1523 260 5.0| 260 4.5 | 240 3.5
1524 | 265 4.5 - 230 15.0 310 5.0
1525 | 235 3.0 230 4.5 280 30.0) 250 4.5 | 250 3.5 | 250 4.0
1526 | 270 3.0 235 6.0 240 3.5 | 250 3.5
1527 . 250, 3.0
1528 230 6.0 235 3,5 | 270 3.5
1529 230 5.0 230 4,0 280 3.0
1530 {250 4.0 230 5.0 260 4.0 280 3.0 | 280 2.5 (270 3.5

4. UPPER WIND AND TEMPERATURE DATA

Vertical profiles of wind speed and direction over the fire site at various
times of the day are shown in Fig. 2, together with the upper winds observed at
1515 EST at Wagga, 100 miles WNW from Tumut;

The wind speed to 8000 ft above the ground during both morning and after-
noon was relatively light, within the range 1 to 6 m sec”l, Between 9000 ft and
11,000 ft the wind speed ranged from 6 to 8 m sec!. The wind direction was con-
stant between SW and WSW up to approximately 7000 ft during the morning, but by
noon a discvontinuity had developed between the levels of 2400 and 4000 ft. Within
the upper few hundred feet of this shear layer the wind direction was north-easterly,
whereas both above and below the layer the wind direction was south-westerly,
Much the same pattern was evident at 1305 EST, an hour before the fire was lit.

The shear layer was then located between 3000 ft and approximately 5000 ft, the
north-easterly wind direction being evident this time through a thicker layer, between
3500 ft and 4500 ft. Above 5000 ft and below 3000 ft the wind was still from a
generally south-westerly direction,
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The upper wind observation made at 1505 EST showed that the shear layer
by then had lifted further, was not as pronounced, and was thicker than formerly.
From south-westerly at 3000 ft the wind had backed to SE at 4000 ft and was beginning
to return to south a little above 6000 ft, The upper wind profile observed concurrently
at Wagga was basically similar to that at Tumut, displaying a wind shear from SW to
ENE (but at a slightly higher altitude). Wind speeds at the two locations lay within
the range of 1 to 4 m sec-l, The behaviour of the smoke column over the fire con-
firmed the presence of the wind shear; some smoke at about 3000 ft was observed
to stream away towards the north-west. Nevertheless, the wind shear was not i
sufficiently strong (due to the low wind speeds involved) to prevent the formation of a
noticeable convection column over the fire,

Soundings of upper air temperature and humidity were carried out at Wagga
at 0915 EST and at Nowra at 1300 EST. Nowra is 120 miles east of the fire site. In
addition, temperature measurements were made from the helicopter whilst manoeuvring
above the fire area about 1430 EST. The temperature profiles from these soundings
are shown in Fig. 3.

The temperature and dew point profiles at Nowra indicated that the atmo-
sphere was unstable to an altitude of 1800 ft and conditionally unstable in depth,
requiring very little turbulent or mechanical lifting to trigger the growth of cumulus
clouds to 14,000 ft or higher, provided that there was available adequate water
vapour at low levels to counteract the entrainment of the relatively dry air present
above 10,000ft (above MSL). The fire itself was a source of both convective lifting
and water vapour, and thus contributed to cumulus development. The presence of
towering cumulus congestus over two large fires burning that afternoon a few miles
away to the east provided further evidence of the convective instability of the
atmosphere in the area.

5. LOW LEVEL INFLOW

At a Level of 2m

!

The wind velocity component normal to the fire perimeter was computed
at one-minute intervals for each of the sites 1, 2, 3 and 5 for the period 1330 to
1530 EST; the results are shown in Figs. 4 to 7 inclusive, These diagrams were
based on data extracted from the Lambrecht anemograph records and consequently
the timing of individual events in wind velocity could only be measured to an
accuracy of 1 to 2 minutes and, in addition, short-period minor variations in wind
speed were smoothed out. The broken lines in Fig. 6 indicate that the wind direction
was fluctuating violently during the periods shown, with the result that the inflow
component could have any value within the limits shown.

The diagrams illustrate that inflow took place at all of the four sites
listed, shortly after the fire was lit at 1503 EST. . This low-level convergence may
be compared with the conditions prevailing in the period immediately before the fire,
as set out in Table 2.
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