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Table A1.0: 100 Buildings Surveyed

Note: ‘1’ indicates that the ACM is present. It does not indicate the quantity of that ACM.
Non- Friable Friable
Site# | Building Type | Building Use | Roofs, | Vinyl | Switch-| Splash | Gasket | Pipe |Limpet| Mill
walls, tiles | boards | back lagging board
eaves
1 Educational Educational 1 1 1 1 1 1
2 Educational Educational 1 1
3 Educational Educational 1
4 Educational Educational 1 1 1
5 Educational Educational 1 1 1 1
6 Educational Educational 1 1 1
7 Educational Educational 1 1
8 Educational Educational 1
9 Educational Educational 1 1 1
10 Educational Educational 1 1 1 1
11 Educational Educational 1 1
12 Educational Educational 1 1 1 1
13 Educational Educational 1 1 1 1
14 Educational Educational 1 1 1
15 Educational Educational 1 1 1
16 Educational Educational 1 1 1
17 Educational Educational 1 1 1 1 1 1
18 Educational Educational 1 1 1 1
19 Educational Educational 1 1 1 1
20 Educational Educational 1 1 1 1 1
21 Educational Educational 1
22 Educational Educational 1
23 Educational Educational 1 1 1
24 Educational Educational 1 1 1
25 Educational Educational 1 1 1
26 Educational Educational 1 1 1 1
27 Educational Educational 1 1
28 Educational Educational 1 1
29 Educational Educational 1 1 1
30 Educational Educational 1 1
31 Educational Educational 1 1 1
32 Educational Educational 1 1 1
33 Educational Educational 1 1 1
34 Commercial 1 1 1 1 1 1
35 Industrial Warehouse 1
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Non- Friable Friable
Site # | Building Type | Building Use | Roofs, | Vinyl |Switch-| Splash | Gasket | Pipe |Limpet| Mill
walls, tiles boards | back lagging board
eaves
36 Commercial 1
37 Industrial Treatment plant 1 1
38 Industrial 1 1 1
39 Commercial Hospital 1 1
40 Commercial Hospital 1 1
41 Commercial 1 1 1
42 Commercial 1
43 Commercial Market 1 1
44 Commercial 1
45 Commercial Hall 1 1
46 Commercial Football Rooms 1
47 Commercial Dental Clinic 1 1 1 1
former Police
Station/ Court
48 Commercial House 1 1
49 Industrial Warehouse 1
50 Industrial Warehouse 1 1
51 Commercial |Fire pump house 1 1
Manufacturing
52 Industrial building 1 1
53 Commercial Hospital 1 1
54 Commercial Workshop 1 1 1
55 Commercial 1
56 Commercial Pavilion 1 1
57 Commercial Pavilion 1 1
58 Commercial Pavilion
59 Commercial IVF Building 1 1
60 Commercial Hut 1 1
61 Commercial Hospital 1 1
62 Commercial Sports clinic 1 1 1
63 Commercial Sports clinic 1 1
64 Commercial 1
65 Commercial 1 1
66 Commercial Hospital 1
67 Commercial Hospital 1 1 1
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Non- Friable Friable
Site # | Building Type | Building Use | Roofs, | Vinyl |Switch-| Splash | Gasket | Pipe |Limpet| Mill
walls, tiles boards | back lagging board
eaves
68 Industrial 1
former
Quarantine
69 Industrial Building 1 1
70 Industrial Warehouse 1 1 1 1
71 Industrial Warehouse 1 1
72 Industrial Warehouse 1 1
73 Industrial 1 1 1
74 Commercial 1 1
75 Industrial 1 1 1 1
76 Industrial Warehouse 1 1
77 Industrial Warehouse 1 1 1
78 Industrial 1 1 1
79 Industrial 1
Gatehouse &
80 Industrial Guard House 1 1 1 1
81 Industrial 1 1
82 Commercial Church 1 1
83 Commercial Hospital 1
84 Commercial 1
85 Commercial 1 1
86 Commercial 1
87 Commercial Hospital 1 1 1 1
88 Commercial Cancer Centre 1 1 1
89 Commercial Health Centre 1 1
90 Commercial 1 1
91 Commercial University 1
92 Industrial Warehouse 1 1
93 Industrial 1 1
94 Industrial 1
95 Industrial 1
96 Industrial 1
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Non- Friable Friable
Site # | Building Type | Building Use | Roofs, | Vinyl |Switch-| Splash | Gasket | Pipe |Limpet| Mill
walls, tiles boards | back lagging board
eaves
97 Industrial 1
98 Industrial 1 1
99 Industrial Warehouse 1
100 Industrial 1
TOTAL (%) 83% 40% 41% 17% 14% 4% 5% 30%
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A2.1 Asbestos in Various Products

The likely asbestos fibre characteristics (type and quantity) in the ACM noted in Table 1 of this
report are presented in this Appendix. This information has been obtained from the literature
[3-5] and the findings are summarised in Table A2.0. For the ACM as identified in Table 1,
eg. the roofing, walls, vinyl tiles, lagging, etc, it was not always possible to identify the actual
quantity of asbestos within these materials. Where this information could be sourced it has
been detailed and referenced in the table below.

Table A2.0: Asbestos in Various Products

Asbestos Containing Material (ACM) Quantity and Type of Asbestos in ACM
Non-Friable
Cement Sheet Use of crocidolite asbestos ceased in the late 1960's [3]
(roofing, walls, eaves) Then chrysotile was used until in cement sheeting until

the mid 1980s [3]
10-20% probable chrysotile asbestos [4]

Vinyl Tiles Pre 1980s, contained approximately 28% chrysotile
asbestos [3]

Early 1980s, contained approximately 8% asbestos [3]

Approximately 1985, chrysotile asbestos no longer used
in tiles [3]

12% weight/weight chrysotile asbestos [5]

Switchboards 15-40% probable amosite asbestos [4]
Splashbacks Not Available — probably similar to cement sheet
Gaskets 30-60% probable chrysotile asbestos [4]

Friable
Pipe lagging Not Available
Limpet 60-90% probable amosite and crocidolite asbestos [4]
Millboard 70% weight/weight chrysotile asbestos, ~3% crocidolite

asbestos [5]

30-65% probable amosite asbestos [4]

A2.2 Information on the Use of Asbestos Containing Materials in Victoria

The Victorian Occupational Health and Safety Commission Inquiry [6], states that between
1960 and the mid 1970s, approximately 30-40% of the multi-storey buildings in the Melbourne
central business district had their structural beams sprayed with asbestos for fire protection.
The subsequent refurbishment of such buildings, if this has taken place, will have required the
removal of such materials.

It was also estimated that 15-20% of buildings within the City of Melbourne contained
significant quantities of asbestos insulation.
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A3.1 Introduction - Background of Test EQuipment and Test (on test day)

Prior to the first test starting, the cone exhaust fan was turned on to generate 6.9L/s (this flow
rate for the duct was chosen in order to have the minimum flow within the cone [i.e.
approximately 1m/s], thereby effectively generating a static state condition). The cone
temperature was set to 400°C and the radiometer was shielded. This was done to confirm
that the cone was reading the correct temperature i.e. 400°C.

Each specimen was weighed before and after the test. Each test specimen was placed
inside a metal tray before being placed inside the cone. The external base of the metal
(specimen) tray was also insulated. Between each test, the cone temperature was reduced
to 300°C. As the A/C test specimen was placed under the radiometer, the cone
temperature was then ramped up to the test temperature (eg. 770°C, 880°C or 975°C).

Monitoring pump locations within the room were as follows:

A = in exhaust duct

B = in exhaust duct

C = sampling ring of cone

D = lid of bin, approx. 1.7m from cone

E = on bench, approx. 1.2m from cone

F = outside test room

<+« c »

<+ a »

A

b

+ A/C (corrugated) sample

Table A3.1. Specimen Weights before and after Testing

Specimen No. Specimen Size (mm) Weight of A/C Weight of A/C Weight of A/C Difference in Weight
specimen (g) specimen & mesh in specimen & mesh in (pre test — post test)
before test tray (9) tray (9) 9)
before test after test
#1 a=95mm, b =101mm 130.7 - - R
c=107mm, d = 98mm
A/C1 (#2) | @a=75mm,b=99mm 97.9 757.0 731.7 25.3
c =83mm, d = 98mm
A/C3 (#3) | @=100mm, b =100mm 122.7 803.0 780.6 224
c=87mm, d=97mm (with mesh)
A/C4 (#4) | @=100mm, b =100mm 133.8 816.4 774.8 41.6
c=99mm, d = 101mm (with mesh)
A/C5 (#5) | @=90mm, b=93mm 91.1 708.4 682.9 255
c =70mm, d = 92mm (with mesh)
A/C6 (#6) | @=90mm, b =93mm 96.6 777.4 757.7 19.7
c =86mm, d=92mm (with mesh)
A/C7 (#7) | @=83mm, b=96mm 111.7 791.9 765.4 26.5
c =89mm, d = 98mm (with mesh)
A/C2 (#8) | @a=90mm, b=97mm 106.8 857.8 770.3 87.5
c=91mm, d = 96mm (with mesh)
A/C8 (#9) | @=95mm, b =95mm 103.1 983.9 752.0 231.9
c =95mm, d = 90mm (with mesh)
A/C9 (#10) | @=97mm, b =96mm 103.6 782.8 753.5 29.3
c =90mm, d = 97mm
#11 a=87mm, b =98mm 1125 - - R
c =84mm, d = 100mm
#12 a=98mm, b =98mm 102.7 - - -
c =93mm, d = 90mm

Bold specimens in table above refer to A/C specimens, which spalled during the test.

Legend for (Measured) Test Results from Cone:

The cone software used to take the various test measurements was Cone4 95. Multiple
measurements were taken of the variables of interest (eg. temperatures and flows) to ensure
that the cone equipment was operating consistently.
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‘Start Time’ = when the test specimen was put into the cone instrument.

HRR ( °C) = heat release rate (corresponding approximate temperature)

DP = differential pressure (Pa)

Items in italics = refers to readings taken from the Cone software on the computer

Red Test Time = refers to when the set temperature was reached

Date: 30.08.2006

Test1 Specimen #2 (A/C1) StartTime 10:50:30s AM HRR set to: 50 kW/m?2 (770°C)

End Time 11:51:00s AM

Table A3.2. Cone Variables during testing Specimen #2 (A/C1)

Test Time Before 08.30 15.30 25.00 35.00 40.30 50.10 57.20 1.01.00
(mins), using Test 2)
stop watch” | Starts (1)

Cone Temp. 770 770 770 770 770 770 770 770
on
equipment
(°C)
DP (Pa) 12.0 12.1 12.3 11.2 10.8 10.8 11.2 10.7
Stack Temp. 49.9 59.0 69.0 75.6 76.7 77.8 78.9 78.1
(C)
Mass flow in 7.6 7.4 7.3 7.1 7.0 6.9 7.0 5.9

duct (g/s)

Volume flow 7.0 7.0 7.1 7.0 6.9 6.8 6.9 6.8
rate at

orifice (L/s)

Temp. (C)

Cone 771.0 (1) 771.9 7719 771.9 771.4 7717 771.4 771.3
Heater

Temp. (C)

Smoke 81.7 94.0 100.9 99.7 101.4 101.9 100.6

Notes:

N

The stopwatch time starts when the test specimen is placed underneath the radiometer.

(1) Cone temperature was dropped to 300°C in order to put the test specimen into the

cone instrument and then the temperature was ramped up to the test temperature, i.e.
770°C.

(2) Cone temperature was ramped down to 300°C after the specimen was taken out of

the cone instrument.
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Test 1, Specimen #2 (exposed fibre after test)

Test 1, Specimen #2 (after test)

Test 1, Specimen #2 - Observations

At 700°C, the test specimen exploded (i.e. began to spall) approximately 07.30mins after the
test started. Some of the A/C sheeting broke into smaller pieces. Soon after, the specimen
exploded at 715°C and then again at 770°C. Due to these explosions, it was decided that a
mesh covering (gutter guard) should be placed over the test specimen, to reduce the
possibility of spalled A/C sheeting contaminating the environment.

Physically, during the test, it was possible to see the asbestos fibres lifted/swaying from the
A/C specimen, in the convected heat flow. See photo.

At 19.30mins the exhaust flow was adjusted for the cone to 6.9L/s.
At 36.30mins we could see the A/C specimen sparking.

At 44.30mins the exhaust flow was adjusted for the cone to 7.0L/s, and could not physically
see the buoyancy of the heat (i.e. convected heat flow) anymore.

Filter Results

The two filters, in the cone exhaust duct, were identified as ‘void’ after this test as they were
overloaded with (cement) dust. The filter in the cone ring was also void as it was overloaded
due to dust. This was based on the microscopic analysis of the filters. It appears that the A/C
test specimen was non-friable after this test.
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Test 2 Specimen #8 (A/C2) Start Time 13:35:20s PM HRR set to: 50 kW/mz2 (770°C)
End Time 14:36:00s PM

For this test, due to the contamination issues associated with Test 1 (and using the one filter for
60 minutes), it was decided that from now on, every 15 minutes the cone sampling ring filter
would be changed so that the amount of contamination on the filter was reduced. From
hereon in, the two cone exhaust monitoring pumps were not used, only pumps labelled C, D,
E and F were used, where C was the cone-monitoring pump.

The test specimen was also covered in a protective mesh.

Table A3.3. Cone Variables during testing Specimen #8 (A/C2)

Test Time Before 13.43 13.50 14.00 14.04 14.15 14.20 14.27 14.31
(hr, mins) Test (1%) (2%) (3%
Starts
Cone Temp. 770 770 770 770 770 770 770 770
on
equipment
(°C)
DP (Pa) 11.5 12.2 11.6 9.8 9.9 10.7 10.5 10.3
Stack Temp. 57.2 66.8 74.0 76.3 77.4 77.8 79.4 79.6
(C)
Mass flow in 7.2 7.4 7.1 7.1 6.5 6.8 6.8 6.9
duct (g/s)
Volume flow 6.8 7.1 7.0 7.2 6.6 6.7 6.8 6.7
rate at
orifice (L/s)
Cone 771.9 772.0 771.8 771.8 7717 771.8 7717 7721.7
Heater
Temp. (C)
Smoke 79.0 91.3 99.5 1024 103.1 103.5 104.0 103.7
Temp. (C)
Notes:

(1*) Pump change 1 at location C, at 13:51:50s
(2*) Pump change 2 at location C, at 14:06:50s
(3*) Pump change 3 at location C, at 14:21:55s

Test 2, Specimen #8 (before test)
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Test 2, Specimen #8 - Observations

At 670°C, the test specimen exploded at approximate time 13:41mins (i.e. 6 minutes after the
test started).

At time 13:55:30mins the exhaust flow was reduced as it was reading 7.3L/s.

At 14:10mins we could see the A/C specimen sparking.

Filter Results

The preliminary analysis of the filters exposed to 15min intervals of the test revealed that fibres
had been released.

Test 3 Specimen #3 (A/C3) StartTime 14:59:00s PM HRR set to: 50 kW/m2 (770°C)
End Time 15:59:00s PM

Table A3.4. Cone Variables during testing Specimen #3 (A/C3)

Test Time Before 08.00 12.50 19.00 25.00 33.10 42.30 55.10 60.00
(mins), using Test (1*) 2% (3%
stop watch Starts 08.50
Cone Temp. 770 770 770 770 770 770 770
on
equipment
(°C)
DP (Pa) 115 10.9 10.8 10.8 10.8 111 11.2
Stack Temp. 61.0 67.0 74.2 77.7 78.6 81.3 80.6
()
Mass flow in 7.1 7.1 6.8 6.9 6.9 6.7 6.9
duct (g/s)
Volume flow 6.7 6.8 6.6 6.9 6.8 6.8 6.9
rate at
orifice (L/s)
Cone 771.7 7715 771.6 771.6 771.9 771.6 771.9
Heater
Temp. (C)
Smoke 82.5 90.6 100.6 103.8 102.0 106.5 104.9
Temp. (C)
Notes:

(1*) Pump change 1 at location C, at 15:145:10s
(2*) Pump change 2 at location C, at 15:29:10s
(3*) Pump change 3 at location C, at 15:44:10s
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Test 3, Specimen #3 (spalled debiris)

Test 3, Specimen #3 - Observations

At approx. 750°C, the test specimen exploded approximately 08:10mins after the test started.
Photos were taken of the A/C sheet shearing.

At 16:30mins after the test started, could see the buoyant heat of convection.

At 19:30mins after the test started, the exhaust flow was increased because it had dropped
to 6.7L/s.

Filter Results

The preliminary analysis of the filters exposed to the first 15min interval showed that there was
asbestos fibres released.

Test4 Specimen #4 (A/C4) StartTime 16:29:45s PM HRR set to: 75 kW/m?2 (880°C)
End Time 17:29:00s PM
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Table A3.5. Cone Variables during testing Specimen #4 (A/C4)
Test Time Before 10.30 15.30 23.00 31.00 39.00 46.30 55.00
(mins), using Test 10.50 (€5 (29 (3
stop watch Starts
Cone Temp. 880 880 880 880 880 880 880
on
equipment
°C)
DP (Pa) 11.2 10.6 10.7 10.7 10.7 10.6 10.9
Stack Temp. 71.3 82.4 90.9 95.7 98.6 98.3 99.8
()
Mass flow in 7.0 6.8 6.7 6.7 6.7 6.7 6.7
duct (g/s)
Volume flow 6.7 6.9 6.9 7.0 7.0 7.0 7.0
rate at
orifice (L/s)
Cone 881.4 881.2 881.4 881.4 881.2 881.4 881.3
Heater
Temp. (C)
Smoke 104.7 118.3 126.6 131.6 133.0 131.8 133.7
Temp. (C)
Notes:

(1*) Pump change 1 at location C, at 15:05
(2*) Pump change 2 at location C, at 30:05
(3*) Pump change 3 at location C, at 45:10

Test 4, Specimen #4 (before test)

Test 4, Specimen #4 - Observations

At 827°C, the test specimen exploded approximately 09:20s after the test started.

Filter Results
The last 15mins interval filter was found to be void, as the filter was damaged.
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Test5 Specimen #5 (A/C5) StartTime 17:49:20s PM HRR set to: 75 kW/m?2 (880°C)
End Time 18:49:10s PM

Table A3.6. Cone Variables during testing Specimen #5 (A/C5)

Test Time Before 10.00 20.30 25.00 34.00 41.00 50.00 56.00
(mins), using Test (1%) (2%) (3%)
stop watch Starts 13.50
Cone Temp. 880 880 880 880 880 880 880
on
equipment
(°C)
DP (Pa) 10.6 9.6 10.6 10.7 10.9 10.9 10.9
Stack Temp. 80.4 88.2 91.9 96.0 96.0 98.1 98.7
(C)
Mass flow in 6.7 6.4 6.7 6.8 6.7 6.7 6.8
duct (g/s)
Volume flow 6.8 6.5 7.0 7.0 7.0 7.0 7.1
rate at
orifice (L/s)
Cone 881.0 881.0 881.3 881.3 881.3 881.3 881.2
Heater
Temp. (C)
Smoke 112.4 121.7 124.0 127.4 126.6 128.7 129.3
Temp. (C)
Notes:

(1*) Pump change 1 at location C, at 15:05
(2*) Pump change 2 at location C, at 30:03
(3*) Pump change 3 at location C, at 45:04

Test 5, Specimen #5 (before test) Test 5, Specimen #5 (at 25:00mins)

Test 5, Specimen #5 - Observations

At 687°C, the test specimen exploded approximately 06:30s after the test started.
Took video footage of this test (while spalling) and at 10:30 could see convection jets.

At 21:30mins after the test started, the exhaust flow was increased because it had dropped
to 6.5L/s.

Filter Results

No preliminary results were taken on test day.
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Date: 31.08.2006

Test 6 Specimen #6 (A/C6) Start Time 08:03:20s AM HRR set to: 75 kW/m2 (880°C)
End Time 09:03:20s AM

Table A3.7. Cone Variables during testing Specimen #6 (A/C6)

Test Time Before 10.00 18.00 25.00 31.30 37.00 43.00 50.00
(mins), using Test 5 1= 2% (3%
stop watch Starts 12.40
Cone Temp. 300 880 880 880 880 880 880 880
on
equipment
(°C)
DP (Pa) 13.2 11.9 11.9 10.6 10.3 104 9.8 9.5
Stack Temp. 275 76.0 86.6 91.2 93.9 94.8 94.5 95.6
(C)
Mass flow in 8.1 7.2 7.2 6.9 6.7 6.9 6.7 6.7
duct (g/s)
Volume flow 7.0 6.8 6.5 7.0 7.0 7.0 7.0 7.1
rate at
orifice (L/s)
Cone 301.0 881.4 881.3 881.3 881.4 881.0 881.2 881.2
Heater
Temp. (C)
Smoke 34.4 113.6 126.6 127.7 129.8 127.1 126.7 127.7
Temp. (C)
Notes:

(1*) Pump change 1 at location C, at 15:02
(2*) Pump change 2 at location C, at 30:10
(3*) Pump change 3 at location C, at 45:10

Test 6, Specimen #6 (before test) Test 6, Specimen #6 (at 16:45mins)

Test 6, Specimen #6 - Observations

Took video footage of this test, starting at 600°C, which occurred at approximately 05:15mins
after the test started.
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At 710°C, the test specimen spalled at approximately 07:10s. At 735°C, the test specimen
spalled again at approximately 07:30s, after the test started.

At 18:50mins after the test started, the exhaust flow was decreased because it was 7.2L/s.
At 20:00mins after the test started, could see the convection jets rising.

At 32:00mins after the test started, the exhaust flow was increased because it was 6.6-6.7L/s.

Filter Results

No preliminary results were taken on test day.

Test 7 Specimen #7 (A/C7) StartTime 09:29:40s AM HRR set to: 100 kW/m2 (975°C)

End Time 10:29:45s AM

Table A3.8. Cone Variables during testing Specimen #7 (A/C7)

Test Time Before 11.35 31.00 39.00 46.30 1.01.30
(mins), using Test 2% (3%
stop watch Starts 24'90
1)
Cone Temp. 975 975 975 975 975
on
equipment
(°C)
DP (Pa) 10.7 10.5 104 9.5 9.9
Stack Temp. 103.1 107.9 110.0 111.7 113.6
(C)
Mass flow in 6.6 6.5 6.3 6.1 6.2
duct (g/s)
Volume flow 7.0 7.0 6.9 6.8 6.8
rate at
orifice (L/s)
Cone 976.1 976.3 976.0 976.0 976.1
Heater
Temp. (C)
Smoke 145.0 147.7 149.5 149.8 151.2
Temp. (C)
Notes:

(1*) Pump change 1 at location C, at 15:03
(2*) Pump change 2 at location C, at 30:03
(3*) Pump change 3 at location C, at 45:03
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Test 7, Specimen #7 (before test) Test 7, Specimen #7 (after test in bag)

Test 7, Specimen #7 - Observations

Test specimen #7 appeared to be slightly thicker than the previous A/C specimens tested.

Took video footage of this test, starting at 600°C, which occurred at approximately 05:15mins
after the test started.

This specimen did not spall.

Filter Results

No preliminary results were taken on test day.

Test 8 Specimen #9 (A/C8) StartTime 11:05:14s AM HRR set to: 100 kW/m?2 (975°C)

End Time 12:05:15s PM

Table A3.9. Cone Variables during testing Specimen #9 (A/C8)

Test Time Before 11.40 21.30 28.30 32.00 40.00 46.30 55.00
(mins), using Test 2% (3%
stop watch Starts 17.00
1)
Cone Temp. 975 975 975 975 975 975 975
on
equipment
(°C)
DP (Pa) 11.5 11.1 10.8 10.7 10.3 10.4 9.5
Stack Temp. 97.4 104.8 110.5 112.0 1145 116.4 116.9
(<)
Mass flow in 6.9 6.7 6.7 6.3 6.3 6.3 6.2
duct (g/s)
Volume flow 7.2 7.1 7.3 7.0 7.0 6.9 6.7
rate at
orifice (L/s)
Cone 975.4 975.8 975.9 975.9 976.0 976.0 976.1
Heater
Temp. (C)
Smoke 139.4 147.7 151.5 152.6 155.7 156.7 157.6
Temp. (C)
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Notes:

(1*) Pump change 1 at location C, at 15:01

(2*) Pump change 2 at location C, at 30:02

(3*) Pump change 3 at location C, at 45:04

The edge of the radiometer had weakened during this test.

|

L i
Test 8, Specimen #9 (before test) Test 8, Specimen #9 (during test)

Test 8, Specimen #9 - Observations

Took video footage of this test, starting at 600°C, which occurred at approximately 05:15mins
after the test started.

At 21:00mins a spark was seen from the A/C specimen.

This specimen did not spall and when the specimen was being placed in the plastic bag
(after cooling down), it broke in the test auditor’s hands.

Filter Results
No preliminary results were taken on test day.
Test 9 Specimen #10 (A/C9) Start Time 13:08:30s PM HRR set to: 100 kW/m?2 (975°C)

End Time 14:08:30s PM

The edge of the radiometer was adjusted as it had weakened in the previous test.
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Table A3.10. Cone Variables during testing Specimen #10 (A/C9)
Test Time Before 12.15 20.00 25.30 33.10 43.30 48.00 57.00
(mins), using Test (1%) (2%) (3%)
stop watch Starts 13.30
Cone Temp. 975 975 975 975 975 975 975
on
equipment
()
DP (Pa) 12.9 13.8 10.3 9.9 8.9 9.7 8.8
Stack Temp. 96.4 1154 1215 126.6 131.2 131.6 132.6
(C)
Mass flow in 7.4 7.3 6.3 6.0 5.8 6.1 5.8
duct (g/s)
Volume flow 7.7 8.0 7.0 6.8 6.6 7.0 6.7
rate at
orifice (L/s)
Cone 976.0 975.6 975.5 975.8 975.5 976.4 975.8
Heater
Temp. (C)
Smoke 145.8 169.3 180.6 186.2 187.1 186.0 185.0
Temp. (C)
Notes:

(1*) Pump change 1 at location C, at 15:01
(2*) Pump change 2 at location C, at 30:01
(3*) Pump change 3 at location C, at 45:02

The edge of the radiometer had weakened again during test.

Test 9, Specimen #10 (after spalling)

Test 9, Specimen #10 (after test)
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Test 9, Specimen #10 - Observations

Took video footage of this test, starting at 600°C, which occurred at approximately 05:15mins
after the test started.

At 724°C, the test specimen spalled at approximately 07:14s after the test started (appears as
if the specimen sheared into four long pieces).

At 21:00mins after the test started, the exhaust flow was decreased from 8.0L/s to 6.9L/s.

At 43:30mins after the test started, the exhaust flow was increased as it had dropped to 6.6L/s.

Filter Results

No preliminary results were taken on test day.
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Report on the Investigation of the Effect of Fire on Asbestos
Fibre Contamination

Department of Human Services

Appendix 4: Cone Testing Asbestos Fibre Release Data
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Introduction

The results of the cone testing for each 15-minute monitoring time-period are presented in

Table A4.0.

Test specimen numbers highlighted in bold are for situations where spalling

occurred. The column headings presented in Table A4.0 have been labelled in accordance
with the naming requirements of Ref [7].

Table A4.0: Results of Fibre Evaluation for Cone Testing

Specimen Monitoring Total Reportable | Number Av Pump N/n Calculated Result Reportable
No Stage® Fibres Fibres per of Fields | Flow Rate, r (fibres/ml)® Concentration
Stage (N)@ (n)® (ml/min) (fibres/ml)®)
A/C1 overloaded overloaded
A/C2 Stage 1 101.5 101.5 49 1670 21 0.9
Stage 2 2 <10 100 1615 0.1 0.05
Stage 3 4 <10 100 1635 0.1 0.05 03
Stage 4 3 <10 100 1660 0.1 0.05
A/C3 Stage 1 101.5 101.5 29 1610 35 1.6
Stage 2 1 <10 100 1640 0.1 0.05
Stage 3 2 <10 100 1630 0.1 0.05 04
Stage 4 3 <10 100 1605 0.1 0.05
A/C4 Stage 1 104.5 104.5 29 1625 3.6 1.7
Stage 2 3 <10 100 1675 0.1 0.05
Stage 3 3 <10 100 1625 0.1 0.05 0
Stage 4 2 <10 100 1605 0.1 0.05
A/C5 Stage 1 overloaded
Stage 2 3 <10 100 1715 0.1 0.04
<0.05
Stage 3 0 <10 100 1600 0.1 0.05
Stage 4 0 <10 100 1580 0.1 0.05
A/CH Stage 1 102.5 102.5 22 1675 4.7 2.1
Stage 2 4 <10 100 1635 0.1 0.05
Stage 3 3 <10 100 1655 0.1 0.05 06
Stage 4 0 <10 100 1605 0.1 0.05
A/CT Stage 1 35 <10 100 1630 0.1 0.05
Stage 2 1 <10 100 1670 0.1 0.05
<0.05
Stage 3 4 <10 100 1630 0.1 0.05
Stage 4 0 <10 100 1690 0.1 0.05
A/CS8 Stage 1 35 <10 100 1550 0.1 0.05
Stage 2 0 <10 100 1660 0.1 0.05
<0.05
Stage 3 1 <10 100 1635 0.1 0.05
Stage4 0 <10 100 1665 0.1 0.05
A/C9 Stage 1 101 101 53 1670 1.9 0.9
Stage 2 2 <10 100 1625 0.1 0.05 02
Stage 3 4 <10 100 1665 0.1 0.05
Stage 4 <10 100 1635 0.1 0.05

(1) Each monitoring stage was for 15 minutes or one quarter of the total monitoring time required by Ref [7] given a

13mm filter and a pump flow rate between 1550mL/min — 1715mL/min.

(2) This refers to the number of conforming fibres (N) counted over the number of fields (n) examined. Refer to
Appendix 5 for more detail.
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(3) The number of fields (n) refers to the number of 100-micron diameter fields examined under the microscope.
These fields are chosen at random. Note there are many 1000’s of such fields. In counting fibres it is necessary to
look at sufficient random fields to count 100 fibres. If 100 fibres are not counted then it is necessary to consider up
to 100 random fields.

(4) This is calculated using equation 1 of Ref [7] i.e. C = A/a x N/n x 1/r x 1/t, where C = concentration (fibres/mL),
A = effective filter area (mm?2), a = projected eyepiece graticule area (mm2), N = total number of fibres counted,
n = number of graticule areas observed, r = flow rate of air through filter (mL/min), t = single sample duration

(mins). Eg. A/C2: C = 11300 x 2.1 x (1/1670) x (1/15) = 0.9

=

(5) The reportable concentration is the sum of the calculated result for each specimen divided by the number of
stages. Eg. A/C2: Reportable Concentration = (0.9+0.05+0.05+0.05)/4 = 0.3 (1 significant figure, as per Ref [7], Part
9).

Note: In Table A4.0, the Reportable Concentration presented is the time weighted average
over the monitoring period (i.e. typically 60 minutes). These concentrations cannot be
compared to the exposure standard as persons would not be exposed to these
concentrations at the distance measured from the A/C sheeting during the actual
experiment.
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Report on the Investigation of the Effect of Fire on Asbestos
Fibre Contamination

Department of Human Services

Appendix 5: Background to Asbestos Fibre Counting
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A5.1 Reportable Results

In line with the MFM [7], the reportable result is the total number of fibres on a filter per
number of fields assessed through the microscope. The minimum reportable detection limit
when assessing the number of fibres on a filter, is 10 fibres. If 100 fields are counted before 100
conforming fibres, then the minimum detection limit of 10 fibres/100 fields are recorded. This
assumes then that less than 10 fibres were counted for the monitoring period. For example, if
5 fibres / 100 fields are counted, then the reportable level is known as 10 fibres / 100 fields.

However, if 100 fibres are counted before 100 fields, then the actual number of fibres per
number of fields are recorded, in order to comply with the MFM. For example:

a. if 23 fibres / 100 fields are counted, then the reportable level is 23 fibres / 100 fields
b. if 102 fibres / 52 fields are counted, then the reportable level is 102 fibres /52 fields.

Fibre counting was done in accordance with Ref [7] and the “NAA Laboratory Quality
Manual Vol IV (Test Method 1) Asbestos Fibre Counting”.

A5.1.1 Minimum Loading

Traditionally, for reliable counting a fibre loading on a filter should exceed 40 fibres/100 fields
(this would equate to an airborne concentration of 0.04 fibres/ml). It is permissible to lower the
acceptable fibre loading to 10 fibres/100 fields, and it is common to have sample counts of
zero fibres/100 fields.

If the actual fibre count is less than 10 fibres/100 fields, then the figure of 10 fibres/100 fields is
the minimum that can be used to calculate the airborne fibre concentration.

Analysts must not count any more than 100 fields if a total of 100 fibres is not reached.

A5.1.2 Maximum Loading

Average filter loadings between 5 and 10 fibres/field tend to result in under-estimation of the
fibore concentration, due to obscuring problems, and should be treated with caution.
Average filter loadings exceeding 10 fibres/fields can be accepted, providing the dust
loading is sufficiently light so that it does not interfere with any of the countable fibres.

Analysts must count a minimum of 20 fields even if more than 100 fibres are counted.

Ab5.1.3 Calculation of Dust Concentration

: . A N 1 1
Concentration of fibres/ml (C) = X X X
a n r t
Where: N = total number of fibres counted
n= number of graticule areas or fields observed

A = effective filter area (mm?2)
a= eyepiece graticule area (mm2)
r=  flowrate of air through filter (ml/min)
t= single sample duration (minutes)
The ‘A/a’ value in the above formula, which is the microscope constant, has been

calculated for the NAA Melbourne microscopes, as 46,900 for 25mm filters, and 11,300 for
13mm filters.
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Report on the Investigation of the Effect of Fire on Asbestos
Fibre Contamination

Department of Human Services

Appendix 6: Analysis of Asbestos in Ash
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A6.1 Methodology

For each ash/charcoal sample collected from the CESARE building, the sample was split into
two (known as Split 1 and Split 2) so that two specimens were assessed for each sample. This
therefore, increased the accuracy of the results as opposed to only taking one sample to be
analysed. The range of mass concentration measured was between 0.1- 5g/kg of asbestos
fibre mass to the total mass of the ash sample (i.e. that is, 0.01% to 0.5% by weight).

Photos of the ash samples were taken prior to the analysis and prior to splitting into two
samples. Refer to Photos A6.1 — A6.6).

A6.1 Sample Id 011 A6.2 Sample Id 012 A6.3 Sample Id 013

A6.8 Sample Id 015 A6.9 Sample Id 016

A6.4 Sample Id 017 A6.5 Sample Id 018 A6.6 Sample Id 019

From each of the bags containing the cooled ash and A/C sheeting, the larger A/C sheeting
was removed in order to conduct a friability test. The methodology used to assess the
respirable fibre concentration in the ash was in accordance with the non-homogenous
methodology detailed in AS4964-2004 [9]. A description of the methodology is presented
below.
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Note: All sieving of dust/ash samples was carried out in fume cabinet (with an air flow of
>0.5m/sec)

1. The complete sample from the bag was emptied into a laboratory (Endicott) three-
tiered test sieve, the top section had a grid size 10mm, the middle section had a grid
size 2mm, and the base section was the collection container.

2. The sample was sieved thoroughly by an analyst for 2 minutes into the middle sieve
section of grid size 2mm.

3. The top section of the sieve, which held the larger material (size 210mm) was removed
and the ACM was returned to the sample bag for archival purposes.

4. The remainder of the sample (material size <10mm) was sieved thoroughly again for 2
minutes by an analyst, so that the material collected was <2mm in the base of the sieve.

5. The middle section of the sieve was removed and all material pieces 22mm was re-
bagged with the earlier larger collected material (210mm) for archival purposes.

6. The collected dust (material pieces <2mm) was separated out into approximately two
even portions and placed into two petri dishes, and labelled as sub-samples ‘Split 1’
and “Split 2°.

7. The sub-samples ‘Split 1’ and “Split 2° were weighed using a sartorius balance and the
results were recorded (to 3 decimal places).

8. The sub-samples ‘Split 1’ and ‘Split 2* were analysed in accordance with AS4964 - 2004
[9], using stereo microscopy, dispersion staining and trace analysis techniques. This is
the “trace analysis” mentioned in A6.2 below.

9. The tiered sieve unit was thoroughly washed, rinsed and oven-dried.
10. Steps 1-9 were repeated for all samples.

In summary two types of analysis were undertaken for each specimen — a sieve analysis (as
per above steps 1-7) and a trace analysis (step 8).

A6.2  Ash Analysis Results

The results shown in Table A6.1 illustrate the two types of analysis performed for the non-
homogeneous ash samples. The two types of analysis performed included sieving the bulk
ash sample (to assess the mass of asbestos) and then conducting a trace analysis, as
described in AS4964:2004 [9]. The larger fractions of ash (i.e. greater than 2mm) were not
analysed as only identification of the respirable fibres and loose fibres were considered for this
part of the assessment.

For the bulk ash sample sieved to 2mm, it was identified that for all samples, the mass of non-
respirable asbestos bundles was greater than the lower reporting limit of 0.1g/kg. Therefore, it
was concluded that all of the samples contained asbestos. For the majority of the ash
samples taken, the type of asbestos identified in the form of asbestos bundles was chrysotile,
although the ACM tested contained all forms of asbestos.
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Table A6.1 Respirable Fibre Results in Ash

- Sample Type / Split 1 Split 2
= Location Non-Homogeneous Trace Non-Homogeneous Trace
.8 g Analysis Analysis (2) Analysis Analysis
£
S - Above Type of Respirable Above Type of Respirable
ks 0.1g/kg? (1) Asbestos Fibre 0.1g/kg? Asbestos Fibre
011 Vinyl Tile Ash / Y Chrysotile None Y Chrysotile None
Under ash pile detected detected
012 Ash / East Y Chrysotile None Y Chrysotile None
upper portion detected detected
of ash pile,
approx. 1m
from scaffold
013 Ash / East Y Amosite None Y Chrysotile None
lower portion detected detected
of ash pile,
approx. 1m
from scaffold
014 Ash / West of Y Chrysotile None Y Amosite None
centre Amosite detected detected
support,
centre portion
of ash pile
015 Ash / West of Y Amosite None Y Chrysotile None
centre detected Amosite detected

support, lower
portion of ash

pile
016 Ash / West Y Chrysotile None Y Chrysotile None
upper portion detected Amosite detected
of ash pile,
approx. 0.5m
from scaffold
017 Ash / West Y Chrysotile None Y Chrysotile None
lower portion Amosite detected Amosite detected
of ash pile, Crocidolite
approx. 0.5m
from scaffold
018 Ash / North Y Chrysotile None Y Chrysotile None
spalled Amosite detected Amosite detected
material, Crocidolite Crocidolite
approx. 0.3m
from scaffold
019 Ash / Top Y Chrysotile None Y Chrysotile None
portion of ash Amosite detected Amosite detected
pile

Notes (1) In accordance with AS4964:2004 and assessing non-homogeneous samples, the mass of the observable
asbestos fibres is to be recorded as less than or more than the reporting limit of 0.1g/kg.

(2) Trace analysis was needed to determine whether respirable fibres were contained within the sieved
samples. From the trace analysis assessment it was identified that in all cases, ‘no respirable asbestos
fibres’ were detected. The term ‘None detected’ refers to a result where ‘less than 5 fibres’ were
identified using the polarised light microscopy (PLM) and dispersion staining (DS) trace analysis techniques
(as detailed in AS4964-2004).
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A6.3 Additional Analysis

Moisture Content Analysis

The moisture content of the A/C sheeting used for the test was determined in the laboratory.
Four samples of A/C sheeting were exposed to 120°C (in an oven) for 4 hours. These samples
were sourced from the same host material as used in the large-scale fire test in the CESARE
building. None of these samples had previously been heat-treated. These samples were
weighed prior to heating in the oven and after heating, in order to assess the approximate
moisture content of the A/C sheeting used in the large-scale fire test. The results are shown in
Table A6.2.

Table A6.2: Moisture Content Analysis

Heating Cycle A/C Sample Weight (g) Weight (g) Difference % free moisture
No. before Heating after Heating (9) content
Exposure to 1 188 179 9 4.8%
120°C for 4 hrs
2 172 160 8 4.7%
3 294 281 13 4.4%
4 203 194 9 4.4%
Average Moisture Content 4.6%

A6.4  Additional Analysis

Friability Test

As detailed in Table 4 of this report (Section 5.4.4.2), a friability test was performed on the
ACM samples subsequent to the large-scale test. For each sample, the ACM was tested for
friability twice. If one of the two friability tests resulted in the sample being friable, overall the
test sample was described as ‘friable’, in Table 4.
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Report on the Investigation of the Effect of Fire on Asbestos
Fibre Contamination

Department of Human Services

Appendix 7: Gold Filter Analysis (Pickford & Rhyder Consulting)
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A7.1 Introduction

Eight gold-coated filters were obtained from Pickford & Rhyder Consulting [10]. These filters
were mailed to NAA and secured in their cowl attachment as described in AS4964-2004 [9].
After the large-scale test, the gold filters were hand delivered to Pickford & Rhyder
Consulting, Lane Cove, NSW for analysis. The remaining two gold filters were identified as
having their filter membrane broken as a result of the test and therefore, could not be
analysed.

A7.2 Pickford and Ryder Report

Following Pages
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Fax: SE55-0695

Our refenence:MAA-DE1 102-2818185- KL3D analyss
Dear Elssa,

Analysis of Filters for Asbestos Fibres by Polarised Light Microscopy (PLM)
and Scanning Electron Microscopy (SEM)

A INTRODUGCTION

A roguested, mWMMimﬂd1nMpﬂﬂnﬂﬂM1mh
mmmmmhwm mﬁmﬂ
#sbesios fibres. Each of the fiters had been propared for SEM analysis by goid coating bedore
sampbng

Ay paer your earer instructions we wene 1o look o aach [@er and repon on the number of respirable
fibwes found for aach of the flers by SEM.  Hovwiver, s wid & high padiculsls lbading cn each
ol ihe fiBars which occluded the mespirable Tibre dobormiralion

Further dicussions with you suggesied that folowing a preliminary mvestigation of the fiters by
wwmfmmr_ummumﬁmﬂhmuﬂw&nmw

B. BACKGROUMD

Asbesios = & nalraly-pocurring. minerad fibee composed of hydrated magresien alicals,
M54 0)(0H), It ks chemically inert up to S00° C

Thasrmnal degradation of chrysobibe (ch) reacts bo heat in a two stage manner

1 bn it range of B00-T80° C. the compound dehydrovylales (Le defrydrabes or looses. wader)
This maans that afar the lois of waler I becomes porous and the remarng oxygen
sccommsadnies all of the Mg and 5l lons forming an anfydnde compoaund

2 Al BOJ-B50" C. the anhydrice broaks down into forslerile and sica, This means tham i &
change in the molscular structune (packing geometny) wheneby 1he kg and 53 ions begin 10
Page 1 01 17
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differ in opposite drections, formang neh Mg and 5 reglons. Tharelore, the indeidual fbees
“mmﬁhﬂ WiEn & chand® in fhe crysiading strociure 0 0 morm non-ofyetaline or
amorphous

Al lemperalres graaber than B50° C, theve are further phass of chemical changes where thens is a
co-axilance babawan forstente and enstatile ncreasing in silica-rich amonphous areas

The process of changs is a3 lolows:
chrysotile —  farsterie —  forsteriie & sikca —  enstatite & forsterite
= 800" C) (E00- T8I ) (B0 C) (AS0-1300 C)

Cyatlierul e fitwis crysial siruciute Sl anfchad
B Makgy crystallies diappears from Tonls (loms of siraeghl Nty proille)

ﬂulﬂlqdhmptrﬂnmmn*ﬂ:wnmmwmﬂhmmmh
as follows

»  Below 800" C there i no change in the appearance of orystaline structure of chrysolie

» At BO0" C the ftrils are sill crystaline, duglaying morphologic characterstics of fypical
enrysotle

= Al B50° C thems ife no changes in exiemal morphoiogy, imegulsr shaped paiches starl 1o
appear aleag the Tkl langlh

= i TO0* C the exiemal morphology of the fibnls is st present, the slongated paiches cover
Earger aread bud oew sl imeguiadly dabribuied plong the fibre kengah.

= A BDO* C, ihe exiernal morphology of fkee buncies remain Buf indricual ol Rave
coplasced 1o form thicker Abnes in which voids are presant. The slongaled palches noreass
in lenglh ond dinmater

» A1 B00* C the walls of the Bbnl hove lost thew straight profile and have a scalloped
wwmmmmmmm.mwmum
praina

= AL 1000 C the fibrils are thick and cunmed, a new material with tiny grains mic with forsteriie
graina, Growth of enstatile and amorphous areas coour. Co-axisience of forstedile, enslatie
and wlica fich areas

= From 1000 1300 C, the onginal bols are complsialy besied imo single bssied, ropelios
fibres, consisting of @ sanes of knots', enhanced enslabibe growth and therefore compistaly
amorphous

for change of structural charactenslics and iransfarmation of crystalinity s (bere s for chiysoble

' Refor, “Thermal Trarsformaton of Chrysctile Siuded by High Rescluion Beciien Microscopy, Helena De
Soura Sandod , publshed n The Clay Mnerais Socssy, 1870
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C. GRAVIMETRIC ANALYSIS OF DUST ON FILTERS

Faliowang yoiur ingiructions suppled fo us the Miters were weighed follvang the deposition of
p-mhuﬁmhm;ﬁmmmwummdmlmnmﬂmﬂw

Each filler was conditioned belors sach mass delerminalion and o pre-coated gold polycarbonabe
25em Tiller was solocted as a reference filler or field Blank dunng the weighing  The blank filer
wiki checked periodicaly during the weighing sedsion to ensure the balance was siable and
BCcursde

The gravimetric analbysis of the fibers was carmed oul using a Cabn 26 microbadance, which & a six-
piace balance with a practcal defection lmit of 0.0 melligrams

Tha resulis of the weighing after taning the blank Riler against the sampla fiters, aroa 58 follows

Fikar Ne Lab Ho barss an Filter

(gl
Pt 48181 18.11
A4l 48182 584
A% 48183 15 44
AS AB1E4 T8
E43 48185 523
AR AR1E8 808

0. MACROSCOPIC APPEARANCE

The six aamples wore indially sxamined wih B low power SorocmiCioesops 8l magnification of TX
o 20 X Al fmers conlained a deposition of Black carboracecus matber in the Torm of & fiker cake.

The surface of the fter cake maierial was scannad fovr tha presence of fitves. & fibne bundle was
tound on the suriscs of filers A28 and AS1

Fou filer 451, @ fibre bundle of approximate dimensicns 10 pm in length end kess than Tpm n widih
which was visudlly classified &8 exhbiting i colour Bnd marphalagy of typical chrysabile. The fibre
Bundie was teassd from the suface of (Ber and analysed using polaraed ght macroacapy with
disparsion stamning

Thett fibne: bundie found on figer A48 was left in-situ on the filter surface for examination by SEM

E. POLARISED LIGHT MICROSCOPE (PLM) ANALYSIS.

1. Idantification of Fibre Type for Filler No. AS51

Far AS1, the fibie bundis was examined uging Polarized Light Microecopy (PLM) with Dispersion
wm}hmmAE-mm Wathod for the qualtatve identification of
asbasicos in bulk samples’ a8 ousined in Laboratory Melhod 100

A shde was prepared with the matching refracive index of of 1.85 for chrysolile with the fone
disparsad in the fuid and coversd with & coverslip
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T slichs was Ehasn guamingd by placing the fibre bundie inlo the ightpath under polarsed kght @
magrification of 123x The ndividual fibres or fbnls were obsersed under the oplical critena for
chrysatile to obtain confirmation of the fibre type
mmhmmmumnmlmmu-mwmm

with knesbends and wavy features, however, ihe fibres exhibiled crnkled microfoids
along the kengih of the indeadual fitrils

The Bores ware nol fypical of the opfical charmctersbecs for standard commercial chiysotie
asbesios Bbres, and theredpre. could nol be unequivccaly idemtified and reporiad 83 chnysotie

JLbeLing

In acdition, slandard relenence chrpsctie asbesios fibves wore placed in a muffle lurmace af BOO ©
Calsius t and examined by PLM with DS, Anadytical results for fhis analysis wers similar
far tha fype of fibre found on filer A51. Therefcre, the fibres on fiter A1 are licaly 1o be heat
effected choysotie.

3 Trace Asbesios Analysis of Filter Mo E43

Ini discussicns with yoursed, i wis suggesbed Filar E43 wad chosen for race anabysis of mineral
fitres. This method is used b0 debec! mineral fbres or ‘respirabde’ asbostos fibres. (Le. lass than 3
facrometnas in widlh) which may be present B very low concenirstions, of may be distibied
Mhmﬂ.mwﬂwmqnﬂthmﬂumwﬂmw
SiEreamICnosoopy

Examination of the fiter suface of Figer E43 with iow and high power slereomicroscopy o locale
fibrows maberal for entification indicated no visible fibres obsenved cn the sudace of the fiter

Subgeching the sample fiter to race analyss. a represardatre section of the fiksr was taken and
disparsed cn five glass shdes with R fluid 1 55 for chrysotile.  Each sub-sampls whon axamned
by PLM and DS did not defect any evidence of asbesios fbres on the shides

E.  SCANNING ELECTRON MICROSCOPE (SEM] ANALYSIS

Sample Preparation

F

Gold precoated sampis fiters, AJE, A48, A5 and AS4 were selected for SEM examination. Each
of the fiters was affixed o a 25 mm aluminium stub using double sided tape and Then wel carben
dagged o anid charging of the specimen.  The fillers were then examined under SEM

Alvor

the fillers were sxamined, representative seciions of fwo of the Bilens wene dsporsed oo tad
carton adheshve 13 mm stubs for furthes SEM examination
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3. Instrument Description and Methodology

The samples warn axamined usng a Philps XL30 analytical Scanning Eleciron Microscope located
in e Madsen building, Uiniversty of Sydney.

Magnifications betwean 200 and 4,000 times were wed 1o nspect the fibres &nd particles o the
Eiter surface, and then excits sslected fibres with a wvery fine, high enengy eleciron beam

The XL30 i the porfect instrument for this apphcation beng fuly automated with inSegrated
advanced eieciron opbics. The intarmediabe chamber has & muliple specimen rolational drive
WMMWWWNMHHWMW
detecior was 8ol io @ 10 mm working dislance which was the euceninc posibion and cplimum
position for Energy Dispersive Spectrum (EDS] analysis.

Uining a 20k accelerating voRlage and a 4 nanomatie 3pol aiZe e mineral fibres were analysed
wsing Enangy Cheparsive X-Ray Analysis (EDAX])

The collected elemental spednum was displayed on screen faf sach fibre analysed and refermed o
mwmmﬁ Characierishic s-fays emitted by this proceds wane compansd against

crilerin, in ofder 10 determing whother The fnes were chrysolie asbesios,
wmqm-m-ﬂmdnhﬂ inofganic non-sshestos fibres, of coganic

Fibrous mineraés prasenl wire dertifiod on the basis of momphology and elemanial composdion
Fire langsh and diamater were maasured directly off (he schesn using the precabbeaied made of
the irstrument.

Ms. Linda Aptharpe and | conduched the analysis cn 2 Movember 2005

A, Summary of Results

General obsenvation of the sampls filers B4 iow magnification under SEM indicaled that al of ihe
filers exhibiled moderale to heavy porticulale adings of carbonaceous matber with smaid
agglomerale particulate on the surface of sach filler. SEM has greater resolution capabilites than
bght microscopy &nd i & possible to dislinguish fores from other particulale matier more feadily
Thesrelces, when a fibre was detected the SEM magnificasion was furlfer increased depending
upon fibre sioe and paiche agglomeration. A cross-secton of aach Mier was scanned using
compuler based defined siepped presels to absene tha hl frame seleched area.

Fai amch of tha flors, all fibres sxheheting typecal morphology were obesrved. Each fibie was
probed and analpisd using EDS.

Fibwre lenglihs ranged Irom approximately 20 micromalres to 200 mcomedres and fbne dameters
ranged from 0.1 mecrometnes (o 10 micromalres

The fbres when obsersed wene imegular shaped snghe fibres of sployed bundes wilh wusual
dafinition, some fibres exhibited characiensbcs of distinet axfolation. Whan subpected bo alamantal
analysss ihe fibres showed & delinde absence of silicon in their chemical composition, whech
wmmmmmmmmmm

ARhough, thane may be a change in the formation of asbestos fibres wih regard lo marpholagy and
crystalivaty ab lemparatures from 800° C fo 1300* C, the thermal transfomation of asbestos fibres,
even ol lemparatures exceeding 1300° C will nol destioy the predancs of slicen

The presence of strang carbon and chionne peaks in the resuling spectra for each of the fibre
hped anahysed confemed the material wae amorphous with no definile crystaline structue. In
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of sodum, palakiium and calsum

The saene speciral palern was cbserved for & spherical partcle with dimensions of approcmately 3
pm diametar on tha sudace of he fiker Areas of ihe ftert wene also analysed whare no
partculabe or fibre-type formations occurned, which wene predominadely the black soot matrix or
heesl matenial. The resuRand specirn were (he same for the fng and particle-type Tomations

Hewarver, B fibre bundle was found on fiter A3E, with approsimabe dimensions 40 pm in engih and
2 prm in wadth which axhibited morphology and characteristics nol unlive fypical chiysctie asbasios.
The sample specia, when companed to reference specira for chrpsotile showed strong maiching
g and Si paaks in the ralie of 0810, Tha snalyais o e e also dapetiad nledering elements
for chicsine and carbon weh mincs sodium, polassam and caltium, which wem presenl on and
along the fibres lengths of the fore bundle. There was also an absence of ron n the spectra,
whazh 8 found &1 race lewal, which may have been dus 1o the presence of tha iInerfenng elements
or @ characieristic of heat degradalion

Ii 18 wnkngwn why there was a strong anion presence of Chiorine and fraces of other ions in the
fibta arel tha carbonacecus maker  ARhough, this may be atiribubed fo the combustion process

The fibre on fer A38 was similar in characleristics and morphology for the type of fibre found an
fitar AS1 during 1he PLM examinatan.

Mo furter mﬂmmtfﬂﬁmﬂmmmﬂhTﬂmm
e pralyss

Sub-samples of the filers AJE and AdB, which wehs redapoibed antd amaller sbubs wene examined
mhwﬂmhﬂﬂ“ﬂ'm Mo chaarvabis hibres wan Toumd,

The aitached mcrographs taken weth relevant EDAY, spectra show typical axampies of fibres wahin
ihe samiples.

Rapor| prepared by,
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Filtor Mo. A48, Exfolialed Sore bunds wih no crysiaiding strudiure, EDAX spectnum shown

A MG ConabALEE Fibee hundleD] spe
Label Az A48 Fibre bundle 01

f

3 =]
My K
Na
&
Fe
[N 1] LEa a0 im anm LE ] L1 (X1 Th i
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Filar Mo. A48, Fibee found with no crystal sinacture, EDWX spectrum shown
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L.
Mo AZ8, Fibre found will crpatalieg Strustums, poaslsly shrgabils, apprasvimatedsy 40 e in
larsgth and 2 um in diameber  EDAX specinum shown

Wmtitied: ¥
Lstsel A AXB-0CY
&l
C
i
My
K
L huy
VWA
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(A1} jN1] 148 L am i L2 1] i 1. [ K]
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A8.0 Introduction

The respirable fibre concentration associated with the test as measured by the filters located
in the smoke cloud near the roof is estimated as follows:

Total air sampled by the 6 functioning filters from the start of the fire = 2,826 L,
however due to the lesser length of burning and the presence of the roof vents,
the smoke at the roof level only existed for approximately 1/3 of the total
sampling time. To allow for this, we need to multiply the total number of
detected fibres by 3.

Only 1 respirable fibre was detected.

3x1

Therefore, respirable fibre concentration is 2826 ~1x1072 fibres / litre = 1x107® fibres/ml .
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A9.0 Introduction

The results of the eight ground level filters used during the large-scale fire test are presented in
Table A9.0. The results shown are for the first 25 minutes of the test, after which spalling of the
A/C sheeting had ceased.

Table A9.0: Filter Analysis after First 25 minutes of Large-Scale Test

Filter 1d. Filter Location Average Flow | Fibres/Field Reportable
(ml) Concentration

(fibres/ml)
#D134 North, 10m from test rig 2000 1/100 <0.03
#C23 North-east, 14m from test rig 2000 0/100 <0.03
#1035 East, 12m from test rig 2000 0/100 <0.03
#F002 South-east, 13m from test rig 2000 0/100 <0.03
#192 South, 11m from test rig 2000 1/100 <0.03
#D147 South-west, 15m from test rig 2000 0/100 <0.03
#C122 West, 10m from test rig 2000 0/100 <0.03
#E061 South-west, 12m from test rig 2000 0/100 <0.03

The above table illustrates that the number of fibres found were less than the detection limit
of the method.
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A10.1 Aspects of Plume Modelling and Fires

Oxygen is necessary for combustion and it is known that each kilogram of oxygen consumed
in a fire will release approximately 12.5MJ of energy. This fact is the basis of fire calorimetry.
Given that the oxygen concentration of air is 21% by mass (i.e. 1 kg of air has approximately
0.21kg of oxygen) it follows that the amount of air that must be involved in combustion is

Q

12.5%x0.21
of air is relatively small compared with that entrained into the plume. For example, in the fire
test, a 105MW fire burning at this rate for 15 minutes would consume
0.4x10.5x15%x 60 = 3,780kg of air or 3,150m?3 of air. This needs to be compared with the

estimated 75,000m3 of air entrained into the plume.

~ 0.4Q kg/sec. Note: Q refers to the magnitude of the fire. However, this amount

One of the common plume equations due to Zukoski’s equation [Ref A10.1] is given by:

r5
3

Mair = 0076 (Q oy )3 X 2 [10.1]

where z is the height above the fire origin (in metres) and anv is the convective component

of the HRR in kW. Clearly, there must be a limit to z since an infinite height will give an infinite
mass entrainment rate. This cannot be the case.

If we consider a localised fire within a very large and very tall space, it should be clear that
the mass of air entrained within the enclosure cannot be any different to that which would be
entrained if the fire occurred in the open under still air conditions. As noted above, it is
apparent that the length over which air entrainment occurs is not infinite but has a finite
maximum value. This can be taken as being reasonably represented by the plume height
which is considerably greater than the visible flame height. Thus z in the above air
entrainment equation should be taken for the situation within a tall building as being the
lesser of the height to the underside of the smoke layer or the plume height for the fire,
assuming it is in a very tall space.

If it is assumed that the plume height is directly proportional to the flame height (but much
greater), then it can be inferred that the plume height is a direct function of

Qo)™ [10.2]

where this is the correlation between the flame height and the convective component of the
HRR [Ref A10.2]. Substituting this into Equation 10.1 suggests that the maximum entrainment

rate is directly proportional to Qconv. This, in turn, is directly proportional to Q (HRR). This means

that the mass of air entrained is directly proportional to the HRR of the fire for a fire in the
open or within a tall space.

A10.2 Aspects of the Fire Test

For the test situation, Equation [10.1] has been solved iteratively given the HRR versus time
relationship allowing for venting of smoke at the roof level. It has been assumed that smoke is
vented from the vents according to Hinkley’s equation for the mass rate of flow through the
vents. As can be seen, this is a function of smoke temperature (Ts), ambient temperature (Ta),
height of enclosure (H), height to the smoke layer (Z), the discharge coefficient (Ca), ambient
air density (pa) and the area of opening (A.=A):

_ Cd Aopa [29(h —Zj )(Ts _-l-'a)-l-za:l:“2
T2, + (Ao AT, T

[10.3]

[
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)0.4

This calculation has been done considering that the plume height is a function of (QConv

and by trialling various maximum plume heights to get agreement with the observed level of
smoke within the building during the test. It was found that an effective maximum plume
height of 7.5m (much greater than the observed flame height) was required to give
agreement with the observations. It should be noted that this plume height is much less than
the height of the building. It was only in the latter stages of burning that the smoke layer
height drops below the maximum plume height.

References

A10.1 The SFPE Handbook of Fire Protection Engineering, Society of Fire Protection
Engineers, 2 edn, 1995.

A10.2 Drysdale, D., “An Introduction to Fire Dynamics”, John Wiley and Sons, 2nd edn,
1999.
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The movement of smoke particles in air is undertaken by considering that smoke particles are
spherical in shape and have a density equal to that of water (1,000kg/m3). The diameter
clearly relates to the mass of the particle and will influence the speed that a particle will fall in
still air when it has reached its terminal speed. This is termed the settling velocity. Of course,
smoke particles are not spherical in shape and it is necessary to determine the equivalent
spherical diameter.

ALOFT, the program that is being used for dispersion modelling, tracks the movement of
smoke particles having various spherical diameters. This program has been used to track the
movement of respirable asbestos fibres by considering them to be equivalent smoke
particles. To do this it is necessary to determine the range of spherical diameters that are
applicable to respirable asbestos fibres. Similar to smoke particles, respirable fibres are not
spherical.

Carpenter and Wilson [All.1] look at the characteristics of fibres generally in relation to
inhalation toxicity. They present a review of the scientific literature. The movement of fibres in
air is a key issue and this is affected by the aerodynamic diameter. The following equation is
given with respect to treating a long thin fibre as an equivalent sphere as far as its
aerodynamic performance is concerned. This expression is:

ﬂ 2.2
deq:dactXGGX[2+4ﬂJ [11.1]

where gis the ratio of length of fibre to diameter, d .,

The authors recognise that long thin fibres are more respirable. In this regard, they note that
amphibole asbestos (such as tremolite), which exists in rods [A11.2] rather than coiled sheets
for chrysolite, is capable of splitting to form thinner fibres of the same length — thus creating
even more respirable fibres. Aspect ratios of more than 100:1 are possible with this form of
fibre. According to Schneider et al [A11.3] asbestos particles that must be considered to be
respirable are those with an aspect ratio greater than 3 and a length greater than 5um and a
width less than 3um.

The free fall velocity of a particle is described by Stokes’ Law which describes the free fall
velocity of particles in a fluid, namely:

w=d2g (ps=p) [11.2]
18u

where g is a viscosity term, d is the diameter, p, is the density of the particle and
p is the density of the fluid

It can be seen that the fall velocity (which is the key parameter relating to movement of a
particle or fibre) is dependent on a number of parameters including the density of the
particle, the diameter of the sphere and the density of the fluid. The density of air is 1.2 kg/m3,
which is negligible compared with that of a standard smoke particle (1,000 kg/m?3) or an
asbestos fibre (3,000 kg/ms3) [A11.4].

Using Equation [11.1] and allowing for the difference in density between smoke particles and
asbestos fibres, it is possible to determine the equivalent standard particle diameters that are
associated with a range of respirable asbestos fibres. This is given by 1.73deq where deq is
determined from Equation [11.1].

The results are tabulated below for a range of hypothetical respirable asbestos fibres.
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Table A11.0: Equivalent Standard Particle Diameter

Fibre geometry (microns) | Equivalent Dia. (microns)
2.9 x 9 (dia. by length) 11.3
2.9x18 13.2
2.9x36 14.4
2.9x72 15
2.9x 144 15.3
2.9 x 300 15.5
1.5 x 150 8.0
1.5 x 200 8.1
2x6 7.7
1x6 4.5
0.1x6 0.5
2x12 9.1
1x12 4.9
0.1x12 11
2x24 9.9
1x24 5.2
0.25 x 24 1.34
2x48 10.3
1x48 5.3
0.25 x 48 1.3
1x 100 5.3
0.5 x 100 2.7

It can be seen that the equivalent standard particle diameter varies between approximately
1 and 15 microns and the behaviour of this range of particles needs to be considered. It will
be noted that the multiplier on diameter is approximately 5 for longer fibres.

It is therefore, concluded that modelling the dispersion of smoke particles having diameters
close to 1 - 15 microns will give a good feel for the likely distribution of respirable asbestos
fibres away from the fire site.

References

All.1 Carpenter, R. L. and Wilson, C. L., “The Inhalation Toxicity of Glass Fibers — A
Review of the Scientific Literature”, Naval Health Research Centre Detachment
(Technology), Report No. TOXDET 99-7, 1999.

All1l.2 Schneider et al, “Development of a method for determination of low content of
asbestos fibres in bulk material”, Analyst, vol 123, pp 1393 — 1400, 1998.

Al11.3 Bernstein, D.M., “Understanding Chrysolite Asbestos: A New Perspective Based on
Current Data”, IOHA 2005 Symposium, Pilanesberg, paper J3.

All.4 Construction Materials Reference Book, Butterworth Heinemann, 1992, Chapter 9
— Asbestos, p 9/1-9/17.
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Al12.1 Number of fibres released

Based on the measured concentration of fibres in the fire test (1 x 103 fibres/litre) and the fact
that an estimated 75,000m3 of air was entrained into the smoke cloud, it follows that a total of
75,000m3 x 1,000 litres x 1 x 10-3 = 75,000 fibres released during the test.

Al12.2 Mass of fibres released
Assume that all fibres have a diameter of 10 micron (PM10) and a density of 1,000kg/m3.

The mass is given by the product of the volume and the density:
%7[(5><10_6)3m3 x1000kg / m® x1000g / kg =5.234x10 % g

Therefore, the total mass released is 75,000 x 5.234x10-10= 3.92 x 10-5g
A12.3 Calculation of Conversion Factors ri, r and Cp

In the case of the test fire, the total mass of fuel consumed during the fire was 837kg. If it is
assumed that 90% of this was consumed during the main burning stage, then the yield for the
test with respect to respirable asbestos at the fire source is 3.92 x 10-5/(0.9 x 837) g/kg or
5.3 x 108 g/kg (=r1). This needs to be compared with the PM10 particle yield of 130g/kg used
for the ALOFT analysis.

As far as r2 is concerned, the burning rate associated with the test (in kg/m2/s) is

conservatively overestimated as % =0.04kg /m? /'s which is almost three times greater
X X

than that assumed in the ALOFT analysis. Nevertheless, this value will give higher predictions of
respirable fibres and is seen as being an upper limit for real fires. This value has therefore been
adopted.

The associated value for Cp for respirable fibres is given by r1 x r2 = 2.12 x 10-°g/m2/s which can
be compared with 1.95 g/m2/s associated with PM10 particles for the ALOFT analysis.

Al12.4 Conversion of PM10 Concentrations to fibre concentration/ml of Respirable Fibres

The ALOFT concentrations for PM10 can be used to infer the respirable fibre concentrations in
micrograms/m3 of air by multiplying the calculated concentrations (CC) by 2.12 x 10°/1.95.
Let the latter ratio be R. However, it is necessary to determine the resulting concentration of
respirable fibres in fibres/ml.

This is done as follows:
The concentration of respirable fibres at a point = CC x R x 106 g/m3

By dividing by the mass of a 10 micron particle (as originally assumed for
respirable fibres) this becomes CC x R x 10%/5.234 x 1010 fibres/m3 which is
converted to respirable fibres per ml by multiplying by 10,

Therefore the conversion factor to multiply the ALOFT concentration (CC) to get
respirable fibres per ml is:

=2.1x107%
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