






Measurement Summary Report

Name B5 Night time #1
Time 8/24/2016 3:15:01 AM
Duration 00:15:00
Instrument GO56143, CR:171B

Summary

LAeq 35.4 dB
LAE 65.0 dB
LAFMax 49.3 dB

LAF1 40.4 dB
LAF5 38.8 dB
LAF10 37.6 dB
LAF50 34.7 dB
LAF90 32.0 dB
LAF95 31.4 dB
LAF99 30.7 dB

Calibration Information

8/24/2016 3:03:31 AM -0.18 dB
8/24/2016 11:13:44 AM -0.12 dB

Person

Siobhan Maher
Place

Aughinish, Co. Limerick
Project

AAL 2016

Time History

Frequency Bands

Date Printed 9/2/2016
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Measurement Summary Report

Name B7 Daytime #1
Time 8/24/2016 6:15:02 PM
Duration 00:15:00
Instrument GO56143, CR:171B

Summary

LAeq 37.5 dB
LAE 67.0 dB
LAFMax 49.5 dB

LAF1 43.2 dB
LAF5 40.5 dB
LAF10 39.4 dB
LAF50 36.8 dB
LAF90 33.1 dB
LAF95 32.6 dB
LAF99 31.7 dB

Calibration Information

8/24/2016 3:11:36 PM 0.12 dB
8/24/2016 11:07:28 PM 0.36 dB

Person

Siobhan Maher
Place

Aughinish, Co. Limerick
Project

AAL 2016

Time History

Frequency Bands

Date Printed 9/2/2016
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Measurement Summary Report

Name B7 Daytime #2
Time 8/24/2016 6:30:01 PM
Duration 00:15:00
Instrument GO56143, CR:171B

Summary

LAeq 36.4 dB
LAE 66.0 dB
LAFMax 61.2 dB

LAF1 42.5 dB
LAF5 36.9 dB
LAF10 34.8 dB
LAF50 32.0 dB
LAF90 30.5 dB
LAF95 30.2 dB
LAF99 29.5 dB

Calibration Information

8/24/2016 3:11:36 PM 0.12 dB
8/24/2016 11:07:28 PM 0.36 dB

Person

Siobhan Maher
Place

Aughinish, Co. Limerick
Project

AAL 2016

Time History

Frequency Bands

Date Printed 9/2/2016
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Measurement Summary Report

Name B7 Daytime #3
Time 8/24/2016 6:45:01 PM
Duration 00:15:00
Instrument GO56143, CR:171B

Summary

LAeq 34.8 dB
LAE 64.3 dB
LAFMax 51.2 dB

LAF1 43.8 dB
LAF5 39.6 dB
LAF10 37.5 dB
LAF50 32.1 dB
LAF90 29.9 dB
LAF95 29.5 dB
LAF99 28.9 dB

Calibration Information

8/24/2016 3:11:36 PM 0.12 dB
8/24/2016 11:07:28 PM 0.36 dB

Person

Siobhan Maher
Place

Aughinish, Co. Limerick
Project

AAL 2016

Time History

Frequency Bands

Date Printed 9/2/2016
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Measurement Summary Report

Name B7 Evening #1
Time 8/23/2016 9:05:03 PM
Duration 00:15:00
Instrument GO56143, CR:171B

Summary

LAeq 35.1 dB
LAE 64.6 dB
LAFMax 49.9 dB

LAF1 45.0 dB
LAF5 38.0 dB
LAF10 36.7 dB
LAF50 33.0 dB
LAF90 30.5 dB
LAF95 29.7 dB
LAF99 28.8 dB

Calibration Information

8/23/2016 7:13:08 PM 0.08 dB
8/23/2016 10:44:33 PM 0.21 dB

Person

Siobhan Maher
Place

Aughinish, Co. Limerick
Project

AAL 2016

Time History

Frequency Bands

Date Printed 9/2/2016
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Measurement Summary Report

Name B7 Night time #1
Time 8/24/2016 3:55:00 AM
Duration 00:15:00
Instrument GO56143, CR:171B

Summary

LAeq 36.0 dB
LAE 65.5 dB
LAFMax 49.0 dB

LAF1 41.5 dB
LAF5 40.2 dB
LAF10 39.0 dB
LAF50 34.5 dB
LAF90 31.9 dB
LAF95 31.3 dB
LAF99 30.4 dB

Calibration Information

8/24/2016 3:03:31 AM -0.18 dB
8/24/2016 11:13:44 AM -0.12 dB

Person

Siobhan Maher
Place

Aughinish, Co. Limerick
Project

AAL 2016

Time History

Frequency Bands

Date Printed 9/2/2016
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Measurement Summary Report

Name B7 Night time #2
Time 8/24/2016 4:10:22 AM
Duration 00:15:00
Instrument GO56143, CR:171B

Summary

LAeq 35.5 dB
LAE 65.0 dB
LAFMax 65.2 dB

LAF1 39.7 dB
LAF5 37.7 dB
LAF10 36.5 dB
LAF50 33.3 dB
LAF90 31.5 dB
LAF95 31.0 dB
LAF99 30.4 dB

Calibration Information

8/24/2016 3:03:31 AM -0.18 dB
8/24/2016 11:13:44 AM -0.12 dB

Person

Siobhan Maher
Place

Aughinish, Co. Limerick
Project

AAL 2016

Time History

Frequency Bands

Date Printed 9/2/2016
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Measurement Summary Report

Name B8 Evening #1
Time 8/23/2016 9:25:07 PM
Duration 00:15:00
Instrument GO56143, CR:171B

Summary

LAeq 34.7 dB
LAE 64.2 dB
LAFMax 59.6 dB

LAF1 41.4 dB
LAF5 38.2 dB
LAF10 37.0 dB
LAF50 32.8 dB
LAF90 30.1 dB
LAF95 29.3 dB
LAF99 28.1 dB

Calibration Information

8/23/2016 7:13:08 PM 0.08 dB
8/23/2016 10:44:33 PM 0.21 dB

Person

Siobhan Maher
Place

Aughinish, Co. Limerick
Project

AAL 2016

Time History

Frequency Bands

Date Printed 9/2/2016

MB9E701000009ED Cirrus Research NoiseTools Page 1 of 1
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1017 Aughinish Alumina Ltd.

Annual Noise Survey, 2016

Attachment 6

Nti Meter Data Band (Hz)
Location Period No. 6.3 8 10 12.5 16 20 25 31.5 40 50 63 80 100 125 160 200 250 315 400 500 630 800

NSL2 Daytime #1 62.4 60.7 58.7 56.5 54.3 52.3 51.4 54.8 52.4 50.6 51 47.5 44.9 41 39.5 39.3 40.8 40.3 39 39.6 39.9 40

NSL2 Daytime #2 57.6 55.2 53.3 50.8 48.8 48.3 47.8 52.8 54.2 47.6 46.7 46 42.8 40.1 39 37.5 38.9 37.9 36.1 36.8 37.6 37.7

NSL2 Daytime #3 61.3 59.4 57.3 54.6 52.3 50.1 49.1 49.4 49 52.6 46.7 45.5 42.1 38.6 37.2 37.2 37.1 37.3 35 36.1 36.4 37.6

NSL3 Daytime #1 69.1 67.1 64.5 61.5 58.9 56.7 54.1 54.7 55 53.6 53.5 50 48.4 46.6 44.5 43.7 41.7 41.6 40.5 41.4 42.1 42.9

NSL3 Daytime #2 70.3 67.9 65.5 62.7 59.5 56.7 53.4 51.3 50.8 52.9 52.6 49.3 44.8 45.4 40.1 38.8 38.5 37.4 39.3 38.7 40.2 42.5

NSL3 Daytime #3 68.3 66 63.6 60.6 57.6 55.1 51.6 49.7 49.6 51.1 51.6 49.8 48.3 47.4 40.7 37.3 36.5 36.4 35.7 37.1 39.6 42.8

NSL4 Daytime #1 66.2 66 64.4 61.8 58.9 56 54 56.1 62.9 66.7 68.6 64.2 58 54.9 53 52.7 50.1 48.1 47 46.8 46.5 46.8

NSL4 Daytime #2 66.5 65.1 63.6 61.4 59.2 56.3 57.4 63.5 65 65.5 68.4 66 57.9 55.2 54.1 53.6 50.7 48.6 47.8 47.4 47.6 48.2

NSL4 Daytime #3 67.8 66.6 65.2 63.6 61.3 60.3 60.4 64.2 67 66.7 70.2 66.8 61.3 58.3 56.9 55.3 53 51.2 49.5 49.4 49.3 49.2

NSL5 Daytime #1 63.7 62 59.7 57.9 55.9 54 51.4 50.5 51.1 50.8 50.1 47.9 45.8 45.7 44.8 44.2 44.2 43.4 45.1 46.6 48.9 51

NSL5 Daytime #2 64.9 63.2 61.5 59.3 57 55.1 52.6 51.3 50 56.7 55.1 46.2 48.7 45.3 45 43.6 44.7 44.3 45.5 46.6 48.5 51.2

NSL5 Daytime #3 65.5 63.6 61.8 59.8 57.1 54.8 52.5 50 50.6 50.8 49.5 48.5 47.3 43.9 43.7 43.6 44.5 43.9 44.9 46.4 48.3 51.3

NSL1 Evening #1 59.3 57.6 55.4 54.8 54.5 58.1 59.3 54.1 54.4 53 48.9 48.4 46.3 48.2 47.1 43.9 45.3 38.9 37.9 40.4 40.1 39.3

NSL2 Evening #1 48.2 47.5 47.8 47.3 49.5 50.7 51.5 50.2 52.1 54.5 46.2 46.4 49.7 48.1 43 40.5 41.6 39.8 39.2 40.6 38.6 38.5

NSL5 Evening #1 49.8 48.1 48 48.1 48.2 49.6 48.2 46.8 50.8 53.6 50.4 47.8 47.6 45.7 45.2 44.3 44.6 44 44 46.1 47.9 51.3

NSL2 Night time #1 47.6 47 47.4 47.4 49 49 48 44.5 42.2 39.7 37.1 36.6 34.5 31.8 24.9 25.7 28.7 29.1 30.5 33 32.9 31.9

NSL2 Night time #2 48.6 48.1 48.1 48.3 50.1 48 47.4 44.5 41.1 39 34.7 37.2 33.9 30.6 22.1 23.8 25.5 28.3 27 29 28.9 27.3

NSL5 Night time #1 45.4 45.1 45.8 47 46.3 44.1 44.1 42.2 46.7 44.3 46.2 46.7 44.8 43.3 42.8 40.8 41.7 43.2 43.2 45.2 48 51.4

NSL5 Night time #2 46.3 46.5 47.1 48.9 48.7 47.2 46.9 43.5 47.8 44.1 40.5 42.9 39.9 37.9 36 34.7 35.7 36.6 36.2 38.5 40.5 43.5

B1 Daytime #1 76.4 74.3 72 69.1 65.7 62.5 61.8 63.7 63.4 70.6 66.1 66.2 64.3 53.8 53.8 52.9 49.2 52.2 47 46.9 45.3 43.2

B1 Daytime #2 72.1 70.3 67.4 64.1 60.8 57.2 57.8 60.6 63.3 71.5 65.3 67.2 66.1 55.9 54 53.3 49 51.4 48.1 45.8 45 43.1

B1 Daytime #3 71.7 69.3 66.1 63 60 59.1 58 65.2 74.3 72.7 71.2 68.8 71 57.1 55 55.9 52.6 54.3 52.6 49.7 48.5 48

B6 Daytime #1 74.4 72.9 71.2 69.5 67.8 67.5 63.6 61.4 62.8 64.3 58.4 57.1 63.5 54.9 48.2 48.4 44 35.9 33.9 32.4 34.8 32.1

B6 Daytime #2 73.9 72.4 70.8 69.3 67.8 67.6 63.8 61.6 63.6 64.4 58.5 57.4 63.3 55 48.2 49 44.9 36.4 34.7 33.6 35.7 33.3

B6 Daytime #3 73.5 72.4 70.7 69 67.6 67.3 63.9 61.7 64.1 63.8 58.9 57.4 63.3 55.2 48.4 49.1 45.2 37.5 36 35.2 37.2 35.3

B8 Daytime #1 69.8 68.1 66.2 63.8 61.3 58.2 54.6 50.8 48.6 46.9 45.6 44.6 42.4 39.9 36.8 34.5 34.9 35.1 31.9 28.9 28.2 27.3

B8 Daytime #2 64.1 62.3 60.5 57.9 55 52.3 48.9 44.8 42.4 42.1 38.6 40.1 36.8 29.4 25.8 23.8 22.2 21.2 21.7 23.3 24.7 26.2

B8 Daytime #3 63.8 62.2 60.2 57.9 54.9 52 48.6 45.7 44.2 44.3 42.7 42.8 41.9 38.6 35.6 32.8 29.1 28.6 28.9 27.8 26.8 25.8

B9 Daytime #1 57.1 55.7 53.8 50.9 49.1 48.9 48.5 45.6 46.9 49 47.1 49.9 43.7 38.9 36.5 35.3 35.3 34.2 35.1 37.4 40.4 43.7

B9 Daytime #2 55.9 54.3 52.3 50.4 48.9 48.9 49 46.5 48.5 48.7 51.9 54.5 44.6 40.9 38.1 36.8 37.2 34.4 36.4 39 41 42.7

B9 Daytime #3 59.9 58 56.1 54.3 52.4 51.5 52 49.6 49 52.4 49.3 46.2 45 41.2 38.8 36.7 35.9 35.1 35.3 38.1 40.6 43.4

B2 Evening #1 59.6 57.8 59.9 60.7 63.6 67.8 67.7 65.3 63.5 64.9 63.3 65.9 62.1 58.9 56 50 44.7 42.5 45.3 48.2 46.8 44.4

B4 Evening #1 46.5 46.5 47.3 47.7 48.9 47.8 50.9 47.3 44.2 53.1 43 42.7 46.4 39.5 37.2 35 36.3 35.6 34.5 35.2 35.2 35.7

B6 Evening #1 64.2 63.3 63 64.6 66.1 70.8 65.9 63.3 65 66.7 61.8 62.6 69.6 57.6 52.3 51.6 47.2 43.3 40.3 39.1 37.6 36.1

B9 Evening #1 44.6 44.1 44.9 47.5 48.7 49.7 48.1 41.8 41.8 38.4 36.3 36.3 32.5 26.5 24.2 25.7 29.7 30.2 30.8 29.9 28.8 29.5

B1 Night time #1 45.2 47.9 47.7 49.7 49.4 49.6 52 54 60.3 61.2 57.7 58.5 58.7 52.3 49.8 50.1 49.8 48 44.5 47.7 42.8 42.3

B1 Night time #2 44.7 47.6 48.6 50.4 50.9 50.4 52.5 54.9 61.1 62.4 58.3 57.8 58 51.3 49 49.3 48.9 48.2 44.4 46.1 42 41.5

B2 Night time #1 57.4 57.9 60.3 61 63.4 68.3 67.9 65.1 64.5 65.6 63.7 65.6 62.8 59.7 56.1 50.9 46.8 43.1 46.4 48.7 48.5 46

B2 Night time #2 59.2 57.7 60.8 61.4 64.5 68.9 69.1 66.6 64.6 65.5 63.7 65.8 62.6 59.4 55.7 50.1 45.7 42.9 46.3 50.5 48.8 45.6

B3 Night time #1 56.2 57.1 56.7 58.7 59.5 60 61.2 59.6 59.1 60.1 59.7 58.9 67.9 56.5 55.7 55.4 52.8 49 49.1 50.2 49.9 48.6

B3 Night time #2 56.8 57.6 56.7 58.6 59.3 59.8 61 58.9 58.6 60 59.2 59.1 69.1 56.2 55 55.3 52.8 48.8 48.9 49.9 49.5 48.4

B4 Night time #1 44.2 46.2 47.1 45.4 46 46.6 46 45.5 45.1 52.4 46.8 43.5 44 40.4 33.7 31.9 32 30.2 28.8 30.7 33.3 33.8

B4 Night time #2 44.4 45.7 46.4 45.9 46.4 47 46.4 40.5 40.6 51.4 36.7 40.9 43 35.7 28.4 24.1 24.2 23.7 23.1 25.4 26.8 24.6

B5 Night time #2 59.2 57.7 56.3 56 57 57.3 54.5 50.7 50.2 52.5 48.7 57.2 45.9 39.9 39.1 42.8 44 43.8 42.7 41.3 39.7 39.2

B6 Night time #1 59.1 59.5 60.3 61.8 63.1 68.5 62.9 60.9 63.9 64.7 59.4 57.9 64 54.6 48.2 48.4 42.2 39.9 40.8 41.2 41.6 44

B6 Night time #2 56.3 57.8 59 61.3 62.6 68.4 62.2 60.6 63.7 65.8 59.3 57.9 63.7 54.7 48.3 48.4 41.3 39.4 39.4 41.1 40.3 41.2

B8 Night time #1 44.9 45.6 46.7 47.2 44 43.5 40.3 37.5 39.3 45.2 40.1 42.8 41.8 36 30.5 30.1 30.5 30.2 29.4 30 30.9 32.4

B8 Night time #2 43.2 45 46.5 46.9 43.4 42.5 43.1 42.3 42.3 43.8 42.5 43 42.9 38 33 33.7 33.1 32 31 32 32.4 33.4

B9 Night time #1 44.7 44.7 44.7 46.8 46.3 48.1 47.2 42.1 42.8 43.7 43.8 43.1 37.2 33.4 27.9 25.7 27.2 28.7 31 32.9 34.6 36.7

B9 Night time #2 42.2 42.8 42.8 43.8 43.6 45.2 44.8 39.3 40.8 38.2 32.8 44.5 28.3 18 16.7 16.1 18.9 20 21.5 22.2 21 22.9
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Nti Meter Data Band (Hz)
Location Period No. 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000 12500 16000 20000

NSL2 Daytime #1 40.5 38.4 36.2 33.3 31.6 30 29.9 27.3 25.6 23.4 20.3 18 15.9 14.7

NSL2 Daytime #2 37.7 36.2 33.8 30.7 28.3 31 32.6 25.8 23.5 23.7 16.9 15.5 14.7 14.4

NSL2 Daytime #3 37.8 35.3 33.6 31.6 28.5 27.5 26.8 24.4 22.6 21.5 18.5 16.7 15.2 14.6

NSL3 Daytime #1 42.6 40.2 38.3 37.1 35.1 33.6 32.5 31 28.4 24.8 22.3 18 15.1 14.2

NSL3 Daytime #2 42.4 38.5 34.5 33.5 29.6 31.2 29.4 28.4 25.1 21.6 19.2 15.7 14.1 14.1

NSL3 Daytime #3 43.3 39 34.2 29.9 25.9 24.3 24.2 24 21.6 17.6 15.6 14 13.6 14.1

NSL4 Daytime #1 46.5 45.4 44.7 44.2 43.5 44.8 39.4 37 35.3 32.7 29.7 26.5 22.4 17.7

NSL4 Daytime #2 49.1 47.4 47.2 46.9 44.4 44.1 41.8 38.3 35.9 33 29.7 26 21.6 17.1

NSL4 Daytime #3 49.3 48 47.6 47.1 44.9 43.4 41.1 37.3 35.2 32.7 29.6 26.1 21.3 16.9

NSL5 Daytime #1 50.8 47.1 43.4 39.7 36.3 34 31.2 28.8 27.2 24.8 22.1 19.9 18.8 17.7

NSL5 Daytime #2 51.6 47.7 44 40.7 37.6 35.2 32.3 29.3 27.2 24.7 21.6 19 16.8 15.2

NSL5 Daytime #3 52.3 49 44.3 40.1 36.7 34.5 30.9 27.9 26 23.3 20.3 17.9 19.2 21.2

NSL1 Evening #1 38.2 37.1 35.3 32.7 30.3 26 21.9 18 16.2 14.4 12.8 12.7 13.1 13.9

NSL2 Evening #1 38.1 36.3 35.7 31.7 30.3 29.7 29.8 28.3 27.2 26.3 16.9 14.4 13.8 17.8

NSL5 Evening #1 51.7 47.6 43.7 40.4 36.5 33.3 29.7 26.2 24.4 22.1 19.1 17.1 18.8 14.4

NSL2 Night time#1 29.5 26.8 23.8 20.3 20.3 18.3 17.7 16.8 16.8 15 14.2 15.3 22.9 23.5

NSL2 Night time#2 26.9 25.9 22.8 20.1 18 15.3 14.4 14 13.9 13.6 13.1 15.5 21.4 22.4

NSL5 Night time#1 53.2 50.4 47 43.7 38.9 35.1 30.9 26.7 23.9 20.4 17.2 14.9 13.9 16

NSL5 Night time#2 44.7 40.4 36.7 32.8 29.3 26.3 22.1 19 16.8 14.9 13.7 13.3 13.2 13.9

B1 Daytime #1 43 42.6 42.2 44.2 52.6 36.6 33.8 32.8 32.4 28.4 24 19.6 16.4 14.8

B1 Daytime #2 43.2 43.2 41.8 42.4 48.9 36.4 33.6 31 31.4 30.9 23.1 20.6 16.1 14.7

B1 Daytime #3 48.3 46.4 44.2 44 52.3 41.9 42.1 42.7 44.7 45.7 42.4 39.1 35.1 28.4

B6 Daytime #1 30 27.7 27.6 27.5 26.6 24.9 22.3 19.8 23.7 18.8 14 13.6 13.8 14.2

B6 Daytime #2 31.3 28.8 28.6 28.1 27.2 25.7 22.7 19.9 24 19.2 13.6 13.4 13.6 14.1

B6 Daytime #3 32.7 30.5 29.9 28.9 27.8 26.1 22.8 20.5 25 19.9 13.3 13.1 13.4 14

B8 Daytime #1 25.5 21.7 19.7 19.6 16.2 14.6 13.9 13.1 12.9 13.1 13.3 13.3 13.5 14

B8 Daytime #2 25 20 17.2 15.3 13.5 11.9 12.4 12.2 11.8 12 12.3 12.6 13.1 13.9

B8 Daytime #3 23.9 19.2 17.3 15.8 14.9 13.7 12.8 12.2 11.8 12.1 12.3 12.6 13.1 13.9

B9 Daytime #1 44 39.7 35.8 30.6 26.1 23.2 19.1 16.9 23.5 22.8 12.3 12.7 13.2 14

B9 Daytime #2 43.2 40.1 36.5 33.9 29 25.4 22.5 20.2 17.5 14.4 13.1 13 13.3 14

B9 Daytime #3 44 40.2 35.9 30.5 26.1 23.8 19.5 17.1 15.7 13 12.3 12.6 13.2 14

B2 Evening #1 42.6 41 38.8 38.8 36.3 33.5 30.9 27 23.6 18.9 14.5 13.2 13.3 14.3

B4 Evening #1 35.9 35 33.1 30.9 28.2 26.3 24.2 21.8 20.6 19.4 17.3 16.1 14.8 14.3

B6 Evening #1 35.6 33.3 33.2 33.3 32.3 29.6 25.9 21.3 21.7 18.5 14.7 14 13.6 14

B9 Evening #1 28.5 26 24.5 22 21.2 18.8 18 17.1 17.4 17 15.4 14.4 13.8 14

B1 Night time#1 44 45.1 43.5 41.3 38.3 34.1 32.1 29.5 26.9 22.9 17.7 14.4 13.5 13.8

B1 Night time#2 42.5 44.3 42.3 40.3 42.7 36 30.9 27.6 26 22.6 17.5 14.6 13.5 14.2

B2 Night time#1 44.4 42.5 41 40.7 37.3 35.9 33 30.5 26.8 21.6 16.2 14 13.6 13.9

B2 Night time#2 43.3 41.5 40.5 39.2 36.9 34.8 31.7 28.6 24.7 19.4 14.4 13 13.2 13.9

B3 Night time#1 47.2 48.5 47.4 47.1 48.2 40 36.7 33.8 29.6 26.9 19.9 14.1 13.5 13.8

B3 Night time#2 47 48.4 47.1 47.3 42.4 39.7 36.3 33.4 29 22.7 15.6 12.7 12.9 13.7

B4 Night time#1 35.4 32.5 30.1 26.7 23.2 20.4 17.2 15.6 16.4 14.7 13.8 13.6 13.5 13.8

B4 Night time#2 23.9 23.9 24.7 20.7 18 15.9 14 13 13.2 13.1 12.9 13 13.2 29.5

B5 Night time#2 36.1 33.8 31.9 29.5 25.3 23.3 18.7 19.3 22.1 21.7 14 14.2 14 19.1

B6 Night time#1 40.9 37.4 37.3 38.8 36.5 36 34.6 31.5 38.1 36.6 13.7 12.5 12.9 13.7

B6 Night time#2 39.2 35.6 34.5 34.9 33.1 32 29.3 26.2 32.8 31.9 12.4 12.3 12.9 13.7

B8 Night time#1 31.8 28.5 27.7 23.5 18.9 16.5 14.3 13.3 13.1 13.2 12.8 12.9 13.2 13.9

B8 Night time#2 32.7 29 25.4 20.9 16.8 14.3 13.4 13 13.7 13.9 13.7 13.6 13.5 14.7

B9 Night time#1 36.9 31.5 27.1 23.3 19.4 16.6 13.3 12.1 12 12 12 12.6 12.9 13.8

B9 Night time#2 22.8 20.8 19.4 17.1 17.7 15.3 14.2 13.2 12.9 12.8 12.6 12.9 13.1 13.8
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Attachment 6

Daytime Spectra Cirrus Meter

Band NSL1 #1 NSL1 #2 NSL1 #3 B2 #1 B2 #2 B2 #3 B3 #1 B3 #2 B3 #3 B4 #1 B4 #2 B4 #3 B5 #1 B5 #2 B5 #3 B7 #1 B7 #2 B7 #3

6.3Hz 67.34 dB 68.48 dB 65.55 dB 60.88 dB 60.78 dB 61.34 dB 61.8 dB 65.81 dB 65.71 dB 54.04 dB 55.23 dB 52.08 dB 61.43 dB 59.97 dB 60.08 dB 49.59 dB 46.61 dB 44.56 dB

8Hz 66.43 dB 67.77 dB 64.5 dB 58.8 dB 59.31 dB 60.15 dB 61.41 dB 64.51 dB 64.76 dB 52.74 dB 54.47 dB 50.63 dB 61.08 dB 59.65 dB 60.11 dB 48.43 dB 45.48 dB 44.2 dB

10Hz 65.18 dB 66.3 dB 62.93 dB 60.42 dB 59.95 dB 60.51 dB 60.1 dB 62.66 dB 62.73 dB 50.76 dB 52.61 dB 48.46 dB 60.14 dB 58.51 dB 59.06 dB 48.9 dB 44.48 dB 43.99 dB

12.5Hz 63.74 dB 64.81 dB 61.6 dB 60.31 dB 60.33 dB 60.4 dB 59.94 dB 61.93 dB 61.97 dB 49.24 dB 50.19 dB 47.73 dB 58.95 dB 57.32 dB 57.71 dB 45.32 dB 43.63 dB 42.57 dB

16Hz 61.85 dB 63.05 dB 59.7 dB 64.42 dB 64.87 dB 64.83 dB 59.87 dB 61.33 dB 61.29 dB 47.97 dB 49.22 dB 47.15 dB 57.69 dB 56.02 dB 56.47 dB 45.31 dB 43.46 dB 43.25 dB

20Hz 60.53 dB 61.24 dB 58.51 dB 67.9 dB 68.26 dB 68.23 dB 61.65 dB 61.08 dB 61.39 dB 47.8 dB 48.6 dB 47.43 dB 55.32 dB 53.48 dB 54.08 dB 45.26 dB 44.29 dB 44.57 dB

25Hz 60.18 dB 60.23 dB 58.61 dB 67.95 dB 68.09 dB 68.15 dB 62.36 dB 62.33 dB 65.94 dB 50.25 dB 48.94 dB 48.41 dB 53.45 dB 51.47 dB 52.66 dB 44.34 dB 42.09 dB 43.78 dB

31.5Hz 56.57 dB 56.81 dB 54.64 dB 65.19 dB 65.67 dB 65.46 dB 62.47 dB 62.4 dB 67.57 dB 48.3 dB 47.25 dB 47.71 dB 50.48 dB 48.95 dB 50.09 dB 43.32 dB 40.01 dB 43.42 dB

40Hz 55.45 dB 54.98 dB 53.26 dB 63.69 dB 64.03 dB 63.8 dB 64.35 dB 63.82 dB 65.21 dB 46.67 dB 44.37 dB 47.69 dB 46.61 dB 46.26 dB 48.18 dB 44.79 dB 37.42 dB 42.51 dB

50Hz 54.54 dB 54.06 dB 52.24 dB 65.6 dB 65.93 dB 65.84 dB 65.38 dB 63.05 dB 67.42 dB 51.14 dB 49.44 dB 50.42 dB 45.5 dB 45.07 dB 46.35 dB 42.92 dB 35.75 dB 42.73 dB

63Hz 52.3 dB 51.87 dB 48.83 dB 62.98 dB 63.24 dB 63.16 dB 62.82 dB 61.34 dB 69.47 dB 45.57 dB 45.04 dB 55.97 dB 42.01 dB 41.89 dB 44.21 dB 42.27 dB 33.32 dB 41.61 dB

80Hz 51.07 dB 50.85 dB 48.04 dB 65.36 dB 65.5 dB 65.27 dB 64.07 dB 63.35 dB 67.03 dB 43.37 dB 44.48 dB 44.93 dB 45.68 dB 48.09 dB 46.99 dB 42.16 dB 41.03 dB 44.39 dB

100Hz 50.26 dB 50.25 dB 45.68 dB 63.28 dB 63.54 dB 63.36 dB 64.29 dB 62.17 dB 62.63 dB 51.81 dB 51.28 dB 51.85 dB 39.82 dB 37.19 dB 38.78 dB 39.68 dB 32.6 dB 40.5 dB

125Hz 48.64 dB 47.88 dB 46.04 dB 59.17 dB 59.29 dB 59.19 dB 59.19 dB 58.74 dB 59.73 dB 40.65 dB 39.49 dB 49.53 dB 31.35 dB 30.39 dB 34.46 dB 36.7 dB 26.89 dB 38.93 dB

160Hz 46.7 dB 45.31 dB 44.18 dB 54.92 dB 55.12 dB 54.9 dB 57.01 dB 55.78 dB 57.37 dB 37.45 dB 39.25 dB 42.92 dB 28.68 dB 27.92 dB 31.9 dB 33.87 dB 26.8 dB 36.78 dB

200Hz 44.2 dB 42.17 dB 41.6 dB 50.83 dB 51.01 dB 50.76 dB 57.8 dB 54.86 dB 56.18 dB 39.2 dB 37.16 dB 42.48 dB 26.86 dB 25.93 dB 30.78 dB 32.55 dB 28.65 dB 33.48 dB

250Hz 43.17 dB 39.82 dB 40.32 dB 48.62 dB 49.07 dB 48.72 dB 55.52 dB 53.27 dB 55.01 dB 38.81 dB 36.09 dB 40.78 dB 24.8 dB 24.54 dB 30.4 dB 32.18 dB 27.62 dB 29.69 dB

315Hz 38.94 dB 36.88 dB 36.28 dB 47.25 dB 47.83 dB 47.93 dB 53.97 dB 49.68 dB 52.59 dB 36.42 dB 34.71 dB 40.19 dB 25.11 dB 24.57 dB 29.52 dB 31.13 dB 24.61 dB 26.61 dB

400Hz 36.53 dB 34.4 dB 33.79 dB 47.37 dB 47.75 dB 48.04 dB 52.75 dB 49.39 dB 52.56 dB 37.75 dB 35.5 dB 38.75 dB 23.47 dB 23.45 dB 27.42 dB 29.22 dB 22.6 dB 24.43 dB

500Hz 37.49 dB 35.12 dB 36.68 dB 50.11 dB 50.04 dB 50.73 dB 51.5 dB 50.29 dB 53.2 dB 37.62 dB 36.18 dB 39.62 dB 23.17 dB 22.69 dB 25.82 dB 26.68 dB 22.15 dB 25.43 dB

630Hz 38.26 dB 35.06 dB 36.73 dB 49.08 dB 47.97 dB 48.0 dB 51.9 dB 50.19 dB 53.76 dB 38.22 dB 36.82 dB 40.49 dB 23.21 dB 22.89 dB 25.34 dB 27.37 dB 23.91 dB 24.36 dB

800Hz 38.12 dB 34.49 dB 37.72 dB 44.84 dB 44.75 dB 45.29 dB 50.85 dB 49.76 dB 55.83 dB 39.17 dB 37.02 dB 41.82 dB 23.45 dB 23.27 dB 24.2 dB 33.78 dB 24.77 dB 23.29 dB

1kHz 36.98 dB 33.58 dB 35.02 dB 44.37 dB 44.45 dB 44.9 dB 51.38 dB 49.52 dB 55.67 dB 37.49 dB 36.76 dB 40.78 dB 22.55 dB 22.57 dB 22.79 dB 25.59 dB 24.97 dB 21.62 dB

1.25kHz 34.79 dB 31.39 dB 32.98 dB 43.78 dB 43.62 dB 44.04 dB 52.04 dB 50.46 dB 57.04 dB 34.77 dB 33.72 dB 38.66 dB 21.93 dB 22.38 dB 22.04 dB 23.03 dB 24.1 dB 19.47 dB

1.6kHz 32.67 dB 29.26 dB 31.26 dB 41.55 dB 41.83 dB 42.15 dB 50.99 dB 49.49 dB 56.19 dB 32.8 dB 30.81 dB 37.18 dB 22.44 dB 24.87 dB 22.9 dB 23.47 dB 27.33 dB 18.67 dB

2kHz 30.35 dB 27.17 dB 29.97 dB 40.61 dB 40.77 dB 41.05 dB 50.01 dB 49.86 dB 55.11 dB 30.97 dB 28.18 dB 36.09 dB 20.2 dB 24.84 dB 23.43 dB 20.94 dB 28.99 dB 18.94 dB

2.5kHz 26.15 dB 23.43 dB 25.18 dB 38.02 dB 37.99 dB 38.29 dB 47.57 dB 46.3 dB 53.85 dB 29.36 dB 25.85 dB 35.11 dB 18.44 dB 21.85 dB 27.1 dB 20.56 dB 26.25 dB 19.63 dB

3.15kHz 20.81 dB 20.1 dB 20.0 dB 34.85 dB 34.5 dB 34.93 dB 44.78 dB 43.08 dB 51.19 dB 27.88 dB 24.17 dB 33.12 dB 19.05 dB 20.34 dB 23.21 dB 21.85 dB 24.94 dB 23.29 dB

4kHz 15.34 dB 19.22 dB 16.85 dB 32.39 dB 30.78 dB 31.25 dB 41.91 dB 39.85 dB 46.62 dB 25.5 dB 22.06 dB 31.79 dB 17.31 dB 17.99 dB 17.86 dB 21.99 dB 21.91 dB 24.15 dB

5kHz 13.57 dB 14.83 dB 16.12 dB 28.96 dB 26.48 dB 26.99 dB 38.54 dB 36.63 dB 43.32 dB 23.43 dB 20.14 dB 26.58 dB 14.96 dB 15.42 dB 18.08 dB 17.25 dB 17.24 dB 18.68 dB

6.3kHz 14.86 dB 13.64 dB 13.42 dB 24.31 dB 21.6 dB 23.06 dB 35.12 dB 32.8 dB 37.97 dB 20.76 dB 18.63 dB 23.23 dB 14.17 dB 14.5 dB 16.75 dB 17.58 dB 16.84 dB 15.5 dB

8kHz 15.75 dB 14.86 dB 13.35 dB 19.22 dB 16.82 dB 17.8 dB 31.08 dB 27.55 dB 35.15 dB 19.22 dB 16.97 dB 20.5 dB 13.95 dB 13.92 dB 14.11 dB 16.8 dB 17.18 dB 16.26 dB

10kHz 14.39 dB 14.95 dB 14.15 dB 15.35 dB 14.44 dB 14.7 dB 26.54 dB 22.59 dB 31.31 dB 16.85 dB 15.69 dB 18.05 dB 14.41 dB 14.26 dB 14.23 dB 14.06 dB 13.98 dB 13.91 dB

12.5kHz 15.98 dB 16.52 dB 15.75 dB 16.16 dB 15.68 dB 15.69 dB 34.8 dB 19.59 dB 29.53 dB 16.3 dB 16.1 dB 28.05 dB 15.87 dB 15.74 dB 15.7 dB 15.59 dB 15.56 dB 15.55 dB

16kHz 18.12 dB 18.66 dB 17.88 dB 18.06 dB 17.79 dB 17.83 dB 35.02 dB 28.88 dB 29.55 dB 21.61 dB 17.74 dB 21.92 dB 17.86 dB 17.78 dB 17.75 dB 17.73 dB 17.7 dB 17.7 dB

20kHz 21.37 dB 21.92 dB 21.13 dB 21.12 dB 21.03 dB 21.03 dB 35.95 dB 29.78 dB 26.02 dB 20.92 dB 20.85 dB 20.82 dB 21.0 dB 20.95 dB 20.93 dB 20.94 dB 20.93 dB 20.93 dB
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Evening Spectra Cirrus Meter

Band NSL3 #1 NSL4 #1 B1 #1 B3 #1 B5 #1 B7 #1 B8 #1

6.3Hz 53.84 dB 57.64 dB 75.71 dB 53.65 dB 53.24 dB 37.76 dB 40.01 dB

8Hz 51.9 dB 56.66 dB 74.25 dB 56.61 dB 52.61 dB 38.48 dB 39.5 dB

10Hz 50.33 dB 55.29 dB 72.01 dB 57.44 dB 51.61 dB 44.05 dB 43.48 dB

12.5Hz 48.85 dB 53.47 dB 69.73 dB 59.26 dB 50.79 dB 38.79 dB 44.68 dB

16Hz 47.32 dB 51.22 dB 66.99 dB 60.29 dB 50.38 dB 39.86 dB 45.03 dB

20Hz 46.12 dB 48.14 dB 64.22 dB 60.61 dB 50.32 dB 40.13 dB 43.01 dB

25Hz 45.91 dB 45.04 dB 62.82 dB 62.1 dB 50.33 dB 39.29 dB 41.76 dB

31.5Hz 45.87 dB 42.01 dB 60.42 dB 61.48 dB 49.9 dB 37.1 dB 39.42 dB

40Hz 46.58 dB 41.23 dB 59.84 dB 60.17 dB 47.9 dB 33.55 dB 37.42 dB

50Hz 48.25 dB 40.06 dB 62.25 dB 59.62 dB 47.0 dB 34.4 dB 39.47 dB

63Hz 55.69 dB 39.27 dB 66.87 dB 60.79 dB 46.43 dB 32.03 dB 34.81 dB

80Hz 47.72 dB 51.78 dB 57.69 dB 59.88 dB 55.34 dB 41.61 dB 38.97 dB

100Hz 44.3 dB 40.87 dB 53.25 dB 59.03 dB 38.22 dB 29.32 dB 37.5 dB

125Hz 40.74 dB 38.08 dB 51.69 dB 57.67 dB 34.75 dB 28.52 dB 27.07 dB

160Hz 38.31 dB 32.66 dB 49.66 dB 55.58 dB 37.44 dB 30.72 dB 26.22 dB

200Hz 36.48 dB 29.2 dB 47.55 dB 55.08 dB 37.69 dB 30.44 dB 24.37 dB

250Hz 38.32 dB 29.06 dB 47.05 dB 53.4 dB 37.06 dB 29.14 dB 23.57 dB

315Hz 37.89 dB 31.12 dB 45.61 dB 49.34 dB 36.15 dB 25.27 dB 25.2 dB

400Hz 36.54 dB 30.32 dB 43.83 dB 49.12 dB 34.78 dB 25.22 dB 25.72 dB

500Hz 37.55 dB 26.39 dB 42.85 dB 49.68 dB 33.23 dB 27.45 dB 28.32 dB

630Hz 39.4 dB 26.81 dB 42.18 dB 49.87 dB 34.62 dB 29.65 dB 28.45 dB

800Hz 42.24 dB 28.35 dB 40.88 dB 48.94 dB 34.55 dB 29.33 dB 28.36 dB

1kHz 42.64 dB 27.48 dB 40.16 dB 47.61 dB 32.03 dB 26.87 dB 26.72 dB

1.25kHz 40.4 dB 23.27 dB 39.9 dB 48.67 dB 34.06 dB 22.84 dB 23.16 dB

1.6kHz 38.02 dB 21.03 dB 38.76 dB 47.66 dB 33.67 dB 21.52 dB 21.06 dB

2kHz 35.63 dB 19.83 dB 37.28 dB 47.19 dB 28.86 dB 17.77 dB 19.01 dB

2.5kHz 29.88 dB 18.39 dB 36.28 dB 43.03 dB 27.15 dB 15.25 dB 16.67 dB

3.15kHz 27.07 dB 15.95 dB 35.05 dB 39.5 dB 24.41 dB 13.76 dB 13.87 dB

4kHz 27.52 dB 15.8 dB 30.57 dB 36.41 dB 22.26 dB 13.39 dB 13.79 dB

5kHz 25.86 dB 13.82 dB 28.06 dB 31.84 dB 19.86 dB 12.42 dB 18.07 dB

6.3kHz 21.0 dB 13.28 dB 26.25 dB 27.3 dB 18.21 dB 12.49 dB 13.26 dB

8kHz 16.14 dB 13.18 dB 24.25 dB 21.52 dB 16.2 dB 12.93 dB 13.17 dB

10kHz 15.05 dB 13.97 dB 22.49 dB 16.11 dB 15.36 dB 13.81 dB 14.0 dB

12.5kHz 15.79 dB 15.51 dB 22.53 dB 15.79 dB 15.99 dB 15.44 dB 15.53 dB

16kHz 17.64 dB 17.59 dB 24.03 dB 17.64 dB 17.68 dB 17.54 dB 17.57 dB

20kHz 20.83 dB 20.85 dB 27.33 dB 20.81 dB 20.82 dB 20.81 dB 26.01 dB
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Attachment  6

Night time Spectra Cirrus Meter

Band NSL1 #1 NSL1 #2 NSL3 #1 NSL3 #2 NSL4 #1 NSL4 #2 B5 #1 B7 #1 B7 #2

6.3Hz 50.75 dB 51.21 dB 51.52 dB 51.9 dB 47.9 dB 48.24 dB 52.46 dB 41.82 dB 38.91 dB

8Hz 50.62 dB 51.7 dB 49.95 dB 50.84 dB 46.76 dB 45.99 dB 50.77 dB 41.74 dB 39.78 dB

10Hz 49.9 dB 50.9 dB 48.54 dB 49.24 dB 45.04 dB 44.07 dB 48.85 dB 41.38 dB 40.25 dB

12.5Hz 51.68 dB 52.66 dB 46.98 dB 47.24 dB 42.89 dB 41.55 dB 47.88 dB 41.03 dB 40.68 dB

16Hz 53.14 dB 54.24 dB 44.92 dB 44.76 dB 41.78 dB 39.55 dB 48.34 dB 40.56 dB 40.94 dB

20Hz 57.15 dB 58.65 dB 42.68 dB 42.88 dB 40.56 dB 36.51 dB 48.12 dB 41.22 dB 42.03 dB

25Hz 59.32 dB 60.73 dB 41.09 dB 41.68 dB 39.15 dB 33.9 dB 48.75 dB 39.08 dB 38.75 dB

31.5Hz 53.86 dB 54.82 dB 38.9 dB 39.2 dB 36.53 dB 30.27 dB 45.77 dB 36.78 dB 36.72 dB

40Hz 54.13 dB 55.61 dB 38.08 dB 38.37 dB 34.74 dB 29.15 dB 44.61 dB 37.01 dB 35.97 dB

50Hz 54.01 dB 54.73 dB 38.58 dB 39.37 dB 34.72 dB 28.04 dB 45.86 dB 35.84 dB 35.23 dB

63Hz 51.22 dB 54.08 dB 37.5 dB 37.95 dB 40.63 dB 38.89 dB 41.87 dB 40.72 dB 39.03 dB

80Hz 54.51 dB 57.28 dB 40.58 dB 42.14 dB 55.6 dB 54.76 dB 55.39 dB 56.14 dB 54.2 dB

100Hz 49.03 dB 53.99 dB 35.06 dB 35.23 dB 30.58 dB 27.31 dB 33.75 dB 32.47 dB 31.55 dB

125Hz 50.94 dB 55.5 dB 31.11 dB 30.73 dB 31.05 dB 27.99 dB 25.99 dB 30.96 dB 27.6 dB

160Hz 49.12 dB 52.77 dB 28.89 dB 29.21 dB 37.84 dB 36.58 dB 32.54 dB 35.15 dB 31.15 dB

200Hz 47.53 dB 50.32 dB 23.68 dB 25.8 dB 22.99 dB 19.37 dB 22.92 dB 30.97 dB 27.27 dB

250Hz 49.83 dB 51.51 dB 23.65 dB 24.39 dB 20.32 dB 16.66 dB 23.25 dB 29.13 dB 24.33 dB

315Hz 42.83 dB 44.42 dB 23.41 dB 24.55 dB 19.98 dB 15.64 dB 22.29 dB 23.91 dB 25.17 dB

400Hz 40.41 dB 42.96 dB 25.68 dB 26.55 dB 18.98 dB 16.31 dB 22.11 dB 22.0 dB 24.11 dB

500Hz 43.72 dB 46.72 dB 29.93 dB 30.89 dB 20.76 dB 17.95 dB 22.74 dB 21.69 dB 25.77 dB

630Hz 44.6 dB 47.61 dB 34.89 dB 34.05 dB 20.8 dB 18.6 dB 23.27 dB 22.74 dB 25.81 dB

800Hz 45.02 dB 47.01 dB 38.53 dB 36.37 dB 20.81 dB 20.25 dB 23.95 dB 24.52 dB 25.41 dB

1kHz 42.35 dB 43.65 dB 38.13 dB 36.05 dB 20.25 dB 19.27 dB 23.03 dB 24.5 dB 23.8 dB

1.25kHz 39.55 dB 42.6 dB 34.1 dB 31.97 dB 17.48 dB 16.12 dB 20.42 dB 21.73 dB 21.21 dB

1.6kHz 39.74 dB 42.34 dB 30.08 dB 27.6 dB 16.48 dB 14.94 dB 19.97 dB 22.08 dB 21.24 dB

2kHz 35.94 dB 38.23 dB 24.91 dB 23.27 dB 15.36 dB 14.27 dB 19.87 dB 19.51 dB 20.96 dB

2.5kHz 32.39 dB 34.45 dB 20.07 dB 19.49 dB 12.98 dB 12.06 dB 22.61 dB 17.46 dB 19.31 dB

3.15kHz 26.82 dB 28.94 dB 16.23 dB 16.23 dB 12.57 dB 11.59 dB 19.91 dB 17.14 dB 21.63 dB

4kHz 19.6 dB 21.83 dB 13.22 dB 13.63 dB 11.82 dB 11.45 dB 16.18 dB 15.73 dB 18.76 dB

5kHz 13.83 dB 14.88 dB 12.36 dB 12.12 dB 11.72 dB 11.57 dB 15.43 dB 13.23 dB 16.92 dB

6.3kHz 12.82 dB 13.01 dB 12.52 dB 12.63 dB 12.2 dB 12.11 dB 14.32 dB 12.79 dB 14.54 dB

8kHz 13.26 dB 13.27 dB 12.88 dB 12.9 dB 12.75 dB 12.72 dB 13.33 dB 12.95 dB 13.65 dB

10kHz 14.04 dB 14.04 dB 13.68 dB 13.57 dB 13.59 dB 13.57 dB 13.69 dB 13.62 dB 13.76 dB

12.5kHz 15.61 dB 15.55 dB 15.58 dB 15.38 dB 15.22 dB 15.21 dB 15.21 dB 15.18 dB 15.19 dB

16kHz 17.66 dB 17.64 dB 17.4 dB 17.34 dB 17.3 dB 17.3 dB 17.26 dB 17.25 dB 17.25 dB

20kHz 20.9 dB 20.88 dB 20.72 dB 20.52 dB 20.55 dB 20.55 dB 20.51 dB 20.5 dB 20.49 dB

OES Consulting 
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1017 Aughinish Alumina Ltd.

Historic Noise Data

Attachment 7

Daytime Results 

Year 2010 2011 2012 2013 2014 2015 2016

Monitoring  location LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10

B1 51 47 52 54 49 56 55 52 55 65 63 66 60 53 61 62 61 63 58 45 61

B2 49 48 51 56 55 57 56 55 57 54 53 56 47 46 48 56 55 56 56 55 57

B3 58 38 55 59 47 60 53 47 56 59 58 60 56 40 52 60 57 62 62 58 65

B4 54 42 52 53 41 48 52 43 52 62 42 64 45 36 47 49 35 51 46 38 47

B5 40 34 42 39 35 42 42 36 45 50 42 53 47 40 46 49 36 44 34 31 35

B6 54 51 56 52 50 54 52 48 54 51 48 53 54 52 56 50 49 52 48 47 50

B7 51 44 53 40 35 42 45 40 47 70 40 60 40 34 40 38 33 38 36 30 36

B8 40 37 41 42 36 45 55 35 51 37 33 39 41 37 43 35 31 36

B9 53 43 53 46 34 50 53 45 55 51 38 56 50 39 52 48 41 51 49 35 54

NSL1 35 31 36 45 42 46 49 46 51 46 44 48 39 30 40 44 42 45 45 41 47

NSL2 53 39 49 53 41 46 53 43 53 44 31 43 43 33 44 45 34 41 46 35 45

NSL3 50 41 52 48 42 48 51 43 51 50 40 48 46 39 49 48 35 45 49 42 50

NSL4 44 39 46 49 40 52 46 41 47 45 39 48 48 39 47 43 37 44 58 35 60

NSL5 49 41 51 54 38 53 53 42 52 59 41 60 67 42 70 60 34 55 57 36 50

Evening Results 

Year 2010 2011 2012 2013 2014 2015 2016

Monitoring  location LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10

B1 62 57 59 54 52 55 51 48 54

B2 50 49 51 52 51 53 54 53 55

B3 46 45 47 60 59 60 58 58 59

B4 42 38 42 38 29 36 44 34 43

B5 42 41 44 52 45 51 43 34 40

B6 59 56 61 54 51 54 53 51 55

B7 37 35 38 46 43 45 35 31 37

B8 35 31 38 39 36 41 35 30 37

B9 45 33 47 45 33 45 37 32 38

NSL1 52 48 52 46 38 48 34 30 37 48 46 49

NSL2 49 39 51 50 35 48 45 33 42 47 42 48

NSL3 43 36 46 44 36 47 50 41 52 49 39 50

NSL4 54 33 52 41 39 42 47 39 46 36 30 38

NSL5 45 35 40 57 31 49 52 34 47 57 35 55

Night time Results 

Year 2010 2011 2012 2013 2014 2015 2016

Monitoring  location LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10 LAEQ LA90 LA10

B1 63 61 65 58 55 59 66 64 67 56 53 58 59 53 62 62 55 63 54 47 57

B2 51 50 52 58 57 59 51 50 52 53 53 54 50 49 51 53 52 53 55 54 56

B3 48 27 38 32 29 34 52 36 41 59 58 59 42 37 40 60 59 60 59 58 59

B4 38 28 40 53 32 43 36 35 37 36 34 38 37 35 38 41 35 39 38 33 38

B5 40 37 40 34 32 36 30 27 30 41 37 43 42 39 43 42 41 44 38 38 43

B6 48 46 48 65 64 66 51 50 52 47 46 47 57 55 59 53 51 54 51 50 53

B7 41 36 40 34 32 35 30 28 36 37 35 38 38 34 39 39 36 41 36 32 38

B8 36 33 38 36 28 32 40 37 42 33 30 35 38 35 40 39 36 42

B9 35 20 38 33 25 33 53 45 55 35 29 33 36 27 33 41 21 40 37 28 39

NSL1 38 30 39 33 30 35 44 39 43 47 42 50 43 41 43 35 30 35 50 49 52

NSL2 34 23 37 42 30 37 46 34 38 38 36 40 34 31 35 41 34 42 37 31 39

NSL3 36 17 35 46 32 51 37 34 39 38 33 40 29 24 32 38 21 42 42 29 45

NSL4 44 26 37 54 37 45 46 32 37 43 34 41 41 39 42 43 37 42 34 29 36

NSL5 36 21 38 35 27 38 39 34 38 37 33 36 32 26 32 37 23 37 54 30 40

OES Consulting Page 1 of 1
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1 2 3 4 5 6 7 8 9 10 11 12 13

Parameter Ballysteen Askeaton Morgans Nth WTP Foynes Creeves Fawnamore A23 North BRDA Foynes Port Cronin Sullivan Ford (DG#33)

(Kennericks) (Deel intake) (Keanes) (LCC) (LCC Reservoir) (Morans) (Fitzsimons) (P Stack)

PM10 (continuous)  Osiris Osiris Osiris  Osiris Osiris

PM2.5 (continuous) Osiris Osiris Osiris Osiris Osiris

Deposited dust (monthly) Dust Gauge (DG#29) Dust Gauge (DG#30) Dust Gauge (DG#31) Dust Gauge (DG#32) Dust Gauge (DG#33)

Sox (continuous) Continuous Continuous

Sox (monthly) Diffusion tube x2 Diffusion tube Diffusion tube Diffusion tube Diffusion tube x2 Diffusion tube Diffusion tube Diffusion tube Diffusion tube

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 
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1. Introduction 
 

The Bauxite Residue Disposal Area (BRDA) is a dedicated extractive waste facility, 
owned, developed and operated by RUSAL Aughinish Ltd for the permanent disposal of 
specific bauxite and process residues generated within the alumina extraction plant.   

 
This Operational Plan and Safety Manual is structured to facilitate a clear presentation 
of relevant information as required by Conditions 8.4.10, 8.4.11 and 8.4.12 of the 
Industrial Emissions (IE) licence. It includes all relevant data for the effective operation, 
health and safety management, monitoring long-term planning and aftercare of the 
BRDA. It demonstrates that the BRDA operations are in accordance with best 
management practices, the health and safety and environmental policies of RUSAL 
Aughinish Ltd and the IE Licence. 
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2. Site Management and Responsibilities 
 

The Technical and Knowledge Management Manager has overall responsibility for the 
operation of the Bauxite Residue Disposal Area (BRDA). See Rusal Aughinish 
Organisational Chart’ 
 
The BRDA is referred to as Area 54 (A54). The BRDA Operations Engineer has 
functional and administrative responsibility for the management of the BRDA including 
the health and safety management of the BRDA. 
 
Placement of trucked residue material within the BRDA is undertaken by Murphy 
International Ltd. (MIL) under a Site Process Materials Handling (SPMH) Contract. 
 
MIL are also contracted to operate the mud farming equipment to amphiroll and grade 
the entire pumped residue in the BRDA disposed under the Mud Farming contract. 

 
The BRDA Operations Team has overall responsibility for technical developments in the 
residue production and the co-ordination of day to day operations and maintenance. 
 
The BRDA Operations Team includes: 

 BRDA Operations Engineer. 

 BRDA Consultant Engineer 

 SPMH  & Mud Farming Contractor 

 BRDA Site Monitor 
 
The BRDA Consultant Engineer has functional responsibility for all technical 
developments within the BRDA area and advises the BRDA Operations Team. 
 
The SPMH & Mud Farming Contractor is responsible for all disposal area operations 
and maintenance as per contract. 
 
The BRDA Site Monitor advises on a daily basis the appropriate residue disposal 
locations and monitors the capacity of the individual cells within the BRDA and checks 
the progress of mud deposition and advises on equipment tasks for mud farming 
activities.  
 
All queries from members of the public are managed by the Human Resources (HR) 
Manager. 
 
All liaison with and queries from the EPA concerning BRDA aspects are managed by 
the Environmental Coordinator. 
 
The Aughinish Health and Safety Co-ordinator supports the BRDA health and safety 
management as per the BRDA Safety Policy and Condition 9.0 of the IE licence (in 
particular Condition 9.4.2). 
 

file://///intranet/DavWWWRoot/Administrations/HRPublicAffairs/HR/People%20Information/Organisational%20Chart%20Plantwide.xlsx
file://///intranet/DavWWWRoot/Administrations/HRPublicAffairs/HR/People%20Information/Organisational%20Chart%20Plantwide.xlsx
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2.1 Operation of the BRDA 
 

The day-to-day operation activities of the BRDA are carried out by the SPMH & Mud 
Farming Contractor. Under this contract, Murphy International Ltd. (the Contractor) has 
responsibility for the following: 
 

 Collection, transport and placement of all process plant residues at the BRDA. 

 Maintenance and organisation of red mud placement operations. 

 Reporting of waste quantities deposited to the BRDA to the Environmental Dept. 

 Organisation and development of all landfill operations and maintenance, including 
construction of internal access roads. 

 Mud farming by amphirolling and grading of all red mud residue in the cells within 
the BRDA and the internal and perimeter drainage works associated with surface 
water drainage from the areas being amphirolled for maximum drying and 
compaction of the red mud residue. 

 Organisation and implementation of all internal storage developments within the 
BRDA, including perimeter rockfill construction. 

 Organisation, implementation and maintenance of environmental protection 
measures inside the BRDA. 

 
The responsibilities of the BRDA Operations Team include: 
 
1. Patrolling and liaising with the SPMH & Mud Farming Contractor on discharge points 

to be operated. Assessing the vulnerability of dusting and liaising with contractor on 
appropriate measures to suppress it. 

2. Advising the Local 2 Control Room Operator (CRO) to operate the dust suppression 
sprinkler system with water as and when required. 

3. Submitting job tickets for any maintenance work required. 
4. Formulation of medium and longer-term operating strategies. 
5. The BRDA Operations Team with support from the Engineering Dept. manages the 

construction of rockfill embankments on the perimeter of the residue disposal areas. 
 

2.2 Control of Mud Quality 
 
The Local 2 (L2) CRO is responsible for monitoring mud slurry throughput and mud line 
pressure. 

 
The L2 Process Operator (PO) is responsible for sampling, field patrols, filter checks, 
pump checks, filter washing and mud line pressure control. The L2 PO has responsibility 
for tasks associated with mud slurry washing, vacuum filtration, mud filter cake 
reslurrying and mud pumping operations.  

 
The L2 Process Engineer is responsible for monitoring and achieving all long-term 
trends and process targets in the Mud Filtration Area (Area 34). 
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2.3 Management of Surface Water Inventory – Water Management 
 

The L2 CRO is responsible for monitoring pond and channels levels, inventory and 
stream distribution. The CRO records any non-compliance in the L2 Log and reports 
these to the Shift Plant Facilitator (SPF).  The SPF reports any non-compliance in the 
shift log. The L2 PO is responsible for sampling, field valve set up and field patrols. 

 

2.4 Pond Cleanouts and Inspection 
 

The L2 Process Engineer and Facilitator are responsible for deciding when a clean-out 
may commence. Pond sludge is pumped to the effluent clarifier for recycling to the plant. 
The BRDA Operations Team decides where the remaining ‘non-pumpable’ bauxite 
residue sludge is disposed in the BRDA. 
 
The Environmental Engineer is responsible for reviewing clean-out operations and to 
advice on environmental control measures as necessary. 

 
The L2 CRO is responsible for monitoring any condensate flows to the West Pond or its 
associated drainage trenches. The L2 PO is responsible for monitoring pumping from 
the Liquid Waste Pond during a normal clean-out. The L2 Environmental Facilitator is 
responsible for inspection of ponds. 

 
The Engineering Department is responsible for monitoring and overseeing any repairs 
to the pond liners or concrete. 

 

2.5 Dust Emissions Control 
 
The BRDA Operations Team is responsible for ensuring that no dusting occurs on the 
BRDA and to take the necessary measures to prevent dusting. These measures include 
ensuring the sprinkling system is applied appropriately to damp down potential fugitive 
dust emissions at all times. 
 
The SPMH & Mud Farming Contractor is responsible for the maintenance, filling and 
operation of all mobile water sprayers and the maintenance and vertical spool lifting of 
permanently installed sprinkler systems. 
 
The BRDA operation engineer, SPM Management Contractor and BRDA Monitor 
maintains a watching brief for the meteorological conditions which favour dusting and 
are responsible for communicating this to the L2 CRO and L2 Equipment Facilitator on 
a daily basis. 
 

2.6 Emergency Response 
 
In the event of a dusting emergency, any member of the BRDA Operations team 
detecting the event is responsible for directly notifying the SPF and L2 CRO.  Depending 
on the response required, the SPM Management Contractor has responsibility for 
requesting assistance, organising all dust suppression resources and ensuring that the 
BRDA Dusting Prevention and Control (SWM 2026) is implemented.   
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3. Waste Analysis   
  

3.1  Waste Origin and Composition  
 

All bauxite-derived solid and sludge residues (‘Extractive Waste’) arising from alumina 
production at the plant are deposited in the BRDA in accordance with IE Licence 
conditions.  Almost all the solid residue material arises from the initial caustic digestion 
of the bauxite ore. After exiting the bauxite digesters, the bauxite residue is segregated 
into two fractions, the fine red mud fraction, representing approximately 93% of the total 
and the coarse fraction, known as process sand, representing the other 7%.   
 
Together these represent about 97% of the total process residue from the plant.  The 
remaining proportion comprises salt cake; from a salting-out liquor purification process 
and other process wastes including sand, scale, sludge’s and construction and 
demolition waste. Table 1 below lists the waste types approved by the EPA for 
placement within the BRDA. 
  
Table 1 Approved Waste Types 
 

Waste Stream Source EWC Code 

Red Mud  Residue from bauxite processing 01 03 09 

Process Sand Residue from bauxite processing 01 03 99 

Salt Cake  By-product of production process 01 03 07 

Lime Grits  Lime slaking rejects 01 03 99 

Process Scales & 

Sludge’s 

Scale & sludge from vessel 

cleanouts & cleanout of plant 

effluent storage ponds 

01 03 99 

*Recovered 

Concrete Rubble 

Construction & demolition.  

Used for roadway/embankment  

construction within the BRDA 

17 01 01  

*Recovered 

Refractory 

Material  

Calciner & boiler unit 

maintenance.  

Used for roadway/embankment 

construction within the BRDA 

16 11 04 

*Recovered 

Miscellaneous 

Materials 

Process contaminated materials.  

E.g. cooling tower packing and 

waste insulation. Used for internal 

roadway construction within 

BRDA 

Depending 

on type of 

plastic fill  

*In accordance with IE Condition 8.4.29, recovered materials may be deposited in the 

BRDA. 
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The red mud is subject to counter-current washing to reduce the concentration of 
entrained caustic before being de-watered in vacuum drum filters and pumped as high 
density slurry to the BRDA.   
 
The coarser process sand fraction is delivered to the storage area by road truck.  Salt 
cake, lime grits, refractory and scale that are trucked to the BRDA, are confined to 
specific areas within the existing BRDA.   
 
Accumulated sludge’s from process ponds are also deposited within the BRDA. 

 

Table 2 shows the classification of the main process residues disposed of to the BRDA. 

 

Table 2 Process Residues deposited in the BRDA  

 

Waste Stream European Waste  

Catalogue Code 

Hazardous/ 

Non-Hazardous 

(EWC Classification) 

 Approximate % 

of Total Residue 

Deposited 

Bauxite Residue 

(Red Mud & Sand) 

01 03 09 Non-Hazardous 88% 

Process Waste  01 03 99 Non-Hazardous 9% 

Lime Grits  01 03 99 Non-Hazardous 1% 

Salt Cake  01 03 07 Hazardous 2% 

 

3.2  Waste Quantities 
 
Data on waste composition and quantities is collected in accordance with IE Licence 
conditions and is included in Annual Environmental Reports (AER’s) to the EPA.  

 

3.3 Physical Properties 
 
The red mud residue is pumped from the Vacuum Filtration area (Local 2) to the BRDA 
as slurry with solids content of between 55% and 60%. Once the mud has been 
discharged it begins to dry, with water removal through “bleeding”, surface evaporation 
and mud farming. Samples indicate that after an average ‘maturing period’ of 3 to 6 
months for mud layer of 0.3 to 0.6m thick, a solid’s content of around 70% is achieved. 
 
Particle size analyses of red mud indicate that the material is largely silt size, with 90% 
of the particles smaller than 63 microns and 30% finer than 2 microns.  The permeability 
of the mud is correspondingly very low and has been assessed to be in the range 1 x 
10-7 to 1 x 10-8m/sec.  The specific gravity of the dry mud solids is 3.47. 

 
The process sand is graded medium sand having 95%, 60% and 5% of the particles 
smaller than 1000, 500 and 100 µm respectively. The permeability of the process sand 
is estimated to be about 1000 times greater than the permeability of the red mud. 

 
Salt cake is deposited as a 70% solids filter cake.  
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3.4  Mineral Composition 
 

The principal constituents of the red mud solids (expressed as the oxides) are iron oxide 
(Fe2O3), aluminium oxide (Al2O3) and titanium dioxide (TiO2). 

 
Red mud is analysed as per Schedule C4 of the licence. 

 
Salt cake consists of the organic degradation products from humates in the bauxite, 
including sodium carbonate, sodium sulphate and sodium oxalate.   
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4. Operational Principles  
 
The following summarises the key operating principles for the BRDA: 

 
1. The BRDA accepts only those residues described in and permitted by the current IE 

Licence. 
 
2. The red mud is pumped to the BRDA at optimum solids and deposited in layers to 

maximise maturing by drying, consolidation and mud farming to optimise overall 
storage capacity of the BRDA. 

 
3. The approach to the placement of red mud is based on mud farming as described in 

Section 5 and in SWM 2022. (Link SWM 2022) 
 

4. Storage capacity is developed within the BRDA by construction of rockfill 
embankments around the BRDA using upstream embankment construction where 
the underlying red mud supports the upper rockfill embankment. 

 
5. The overall stability of the upstream rockfill core mud retention terraces around the 

perimeter of the BRDA is determined by routine monitoring of pore pressures in the 
mud and movement in the inclinometers and by site investigations at frequency 
determined by the designers to assess by continuous penetration testing the 
strength of the red mud and underlying estuarine soil. 

 
6. The soda content of the red mud and other residues being deposited is minimised 

to optimise soda recovery in the plant and to minimise environmental liabilities 
associated with the BRDA. The soda content of the red mud is further reduced using 
the mud farming/atmospheric carbonation process. 

 
7. The integrity of all HDPE geomembranes for environmental protection is maintained. 

No mobile equipment is permitted to contact geomembrane directly.  
 
8. The runoff water is directed to and collected in a perimeter channel and pumped 

back to the plant for treatment as described in Section 8.0. 
 
9. The surface water inventories in the perimeter channel and adjacent Storm Water 

Pond (SWP) are minimised to targets listed in SWM 2011  and pumping capacities 
are maximised as practicably as possible to ensure that there is sufficient operational 
freeboard for major rainfall events. 

 
10. Water sprinkling dust suppression system is used over the entire red mud and 

process sand surfaces to prevent dusting. 
 
11. The downstream toe drains, external watercourses and groundwater observation 

wells are routinely inspected and sampled in accordance with IE conditions. 
 

12. All incidents, whether of an environmental or health and safety nature are reported 
and investigated to ensure that any necessary remedial action is taken and to 
prevent any re-occurrence of the incident. 

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2022%20Area%2054A%20Operation%20of%20the%20BRDA.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2011%20Water%20Management.docx
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5. Waste Handling and Placement   
 

The BRDA is a dedicated and engineered facility for the placement of specific process 
residues as detailed below. 
 

5.1  Red Mud  
 

The majority of red mud slurry is pumped from the Mud Filtration Building in A34 to the 
BRDA at generally greater than 58% solids.  A small proportion of low solids red mud 
slurry, collected from the maintenance turnaround cleaning of the mud settling and 
washing tanks, is trucked to the BRDA by the Contractor and deposited on existing red 
mud surfaces.  
 
The red mud including low solids red mud is matured through surface evaporation and 
the mud farming process as described in section 5.8. 
 
The handling of red mud is covered by section 6.25 of the Waste Management Manual 
(WM001) 
The placement of red mud within the BRDA is controlled by the procedures: 
SWM 2022: Area 54A Operation of the BRDA; (Link SWM 2022) and  
SWM 2009: Minimise Mud Soda Losses and Maximise Mud Density to the BRDA. (Link 
SWM 2009) 
 
 

5.2 Process Sand  
 
Process sand is the quartzite fraction of the bauxite residue. This is washed as 
effectively as possible to remove all leachable soda and in particular to extract all 
leachable sodium aluminate which could potentially contain product (refer to SWM 2006 
Area 27A Operation). (Link SWM 2006). Process sand is trucked by the Contractor from 
Area 27 to the BRDA. The handling of process sand is covered by section 6.28 of the 
Waste Management Manual (WM001) 
 

5.3 Salt Cake 
 
Salt cake is produced in the liquor purification/oxalate removal area of the process plant 
(A65). The liquor is purified through the precipitation of impurities that occur when the 
process liquor is concentrated. These impurities are removed as a filter cake, consisting 
principally of sodium compounds with carbonate, sulphate, oxalate, fluoride and 
chloride.  Salt Cake is trucked from A65 to the BRDA. The handling of salt cake is 
covered by section 6.27 of the Waste Management Manual (WM001) 
 
 
Salt cake is classified as a hazardous waste and is deposited within a composite lined 
cell in the BRDA as per condition 8.4.5 of the IE licence. The design details and 
construction quality assurance plans for the cell have been agreed with the Agency. 
 

 

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/Waste%20Management%20Manual.doc
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2022%20Area%2054A%20Operation%20of%20the%20BRDA.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2009%20Minimise%20Mud%20Soda%20Losses%20and%20Maximize%20Mud%20Density%20to%20the%20BRDA.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2009%20Minimise%20Mud%20Soda%20Losses%20and%20Maximize%20Mud%20Density%20to%20the%20BRDA.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2006%20Area%2027%20Operation.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/Waste%20Management%20Manual.doc
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/Waste%20Management%20Manual.doc
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5.4 Lime Grits 
 
These are the insoluble clinker cores of the burnt limestone cobbles dissolved in the lime 
slaking plant within the process. These are trucked from the process plant to the BRDA 
by the Contractor and are used as road surfacing materials. 
 
The handling of lime grits is covered under Section 6.15 of the plant Waste Management 
Manual (WM001) 

 

5.5 Process Scale 
 
Process scale consists of hydrated sodium aluminium silicate sometimes combined with 
bauxite residues, removed from the interiors of process tanks, vessels and pipes during 
routine and turnaround maintenance activities in the process plant.  All such scales are 
trucked by the Contractor to the BRDA and deposited on the existing red mud surfaces 
or on compacted process sand areas. 
 
The handling of scale is covered under Section 6.24 of the plant Waste Management 
Manual (WM001) 
 

5.6 Transport and Placement of Wastes  
 

The BRDA is operated under the SPM Management Contract by Murphy International 
Ltd. who has overall responsibility for the collection, transportation, and placement of 
waste. The contract extends to maintenance and resourcing of all equipment, including 
vehicles, which operate within the BRDA, including environmental control equipment for 
dust suppression.   
 
All residues are either pumped or trucked in specified skips or dumpers to the BRDA 
area.  All drivers are trained to ensure that only wastes permitted for disposal in the 
BRDA should be contained in the designated skips. If other waste streams are contained 
in the skips these skips will not be removed for disposal. Drivers are also trained on 
checking and handling of leachate which may arise. 
 
All trucked residues are transported to the BRDA area on a network of internal access 
roads.  
 
Trucked residues must be deposited on a layer of matured red mud.  Process sand may 
be deposited directly onto red mud surfaces provided mechanical plant is confined to 
adjacent engineered designed and supervised access roads or the mobile plant is 
moving on a layer of compacted process sand.  
 

5.7 Relevant Standard Operational Procedures 

 
In addition to the sections of the SPM Management Contract and the Waste 
Management Manual listed above, the following standard operating procedures 
(standard work methods) deal with the operation of the BRDA: 

 

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/Waste%20Management%20Manual.doc
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/Waste%20Management%20Manual.doc
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Table 3 Relevant SWM’s 
 

Procedure 
Number 

Link Purpose 

SWM 2006 Link SWM 2006 Area 27A Operation 

SWM 2009 Link SWM 2009 Minimise Mud Soda Losses and 
Maximise Mud Density  

SWM 2017 Link SWM 2011 Water Management 

SWM 2017 Link SWM 2017 Pond Cleanouts and Inspections 

SWM 2022 Link SWM 2022 Area 54 Operation of the BRDA 

SWM 2026 Link SWM 2026 BRDA Dust Prevention and Control 

 

5.8 Mud Farming Process 
 

5.8.1 General Approach 

 
Red mud deposited on the BRDA is processed by “mud farming”. Mud is deposited in 
separate drying bays or cells in the BRDA constructed using mud bunds or nominal 
boundaries as detailed on 54-G-1130 (see Appendix 1).  
 
A screw-propelled amphirol (photo below) is used to plough the mud in the drying cells 
on a regular basis to accelerate and improve the natural drying process and densify the 
residue. This process is also used to maximise the atmospheric carbonation of the red 
mud residue by increasing the caustic soda / CO² interface contact.   

 
This process continues until the increasing density of the mud residue reduces the 
effectiveness of the amphirol. A low ground pressure swamp dozer is then used to level 
the drying cell and reconstruct the cell walls. 
 

 
Plate 1 Amphirol used for mud farming 

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2006%20Area%2027%20Operation.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2009%20Minimise%20Mud%20Soda%20Losses%20and%20Maximize%20Mud%20Density%20to%20the%20BRDA.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2011%20Water%20Management.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2017%20Pond%20Cleanouts%20and%20Inspections.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2022%20Area%2054A%20Operation%20of%20the%20BRDA.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2026%20BRDA%20Dust%20Prevention%20and%20Control.docx
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5.8.2 Operations 

 
The BRDA Mud Farming operation consists of the following tasks: 
 

 Residue Planning 

 Filling the Drying Cells 

 Drainage Management 

 Mud Farming 
 
Each of these systems is described below: 
 
Residue Planning 

 
The Phase 1 and 2  BRDAs have been subdivided into approximately 46 separate drying 
cells as detailed in the attached drawing 54-G-1130 (Appendix 1). Signs identifying each 
cell number as detailed on 54-G-1130 have been installed on the perimeter of the BRDA. 
 
Mud is pumped to the drying cells via pipelines connected to the Phase 1 Central 
Discharge Platform or Phase 2 Southern Platform. A total of 19 separate discharge 
points have been installed on the pipelines to facilitate the filling of the drying cells in 
Phase 1 & 2 as detailed on 54-G-1130. 
 
Each discharge point is flushed before a period of non-usage (i.e. > 1 week) to prevent 
line restrictions and blockages. Mud Points 1 to 10 and 15 to 19 are flushed from the 
Central Discharge Platform and Southern Discharge Platform respectively using the 
recycled water. Mud Points 11 to 14 are flushed by injecting process condensate into 
the suction of the Area 34 Mud Pumps. 
 
The BRDA Operations Team meets weekly and identifies the storage area required for 
the following week’s production and associated mud farming, drainage and maintenance 
activities. 
 
Outer embankment walls are constructed in a timely manner, to ensure that residue 
storage area is available on a medium term (quarterly) basis in the BRDA. 
 
A weekly residue plan is issued each week, on BPI, to Local 2 and the SPF’s detailing 
the mud placement plan for the week. This plan details mud valve changes and 
alternatives in the event of pipeline maintenance requirements or valve problems. 
 
Filling the Drying Cells 

 
A 400mm – 500mm deep layer is filled into each drying cell in 200 – 250mm mud layers. 
A pipe is installed on each discharge point to allow the mud to be spread evenly across 
the cell.   
 
Each cell is inspected in advance by the SPM Management Contractor to identify, repair 
and raise sprinkler pipes as necessary. 
 
Cell filling is monitored by the BRDA Operations Team from 8am - 4.30pm Mon - Fri.  
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Cell filling is monitored by the L2 Process Operator and SPF’s during the evenings / 
nights and at the weekends to ensure that filling is occurring according to the weekly 
residue plan. 

 
Drainage Management 
 
Drainage from the drying cells will initially be assisted by the long reach excavator to 
free the “bleed” liquor and rainfall from the cell. The Amphirol will then complete an initial 
plough of the cell.  
 
During this period the excavator will be required to maintain the drainage channels 
particularly around the embankment walls. 
 
Additional drainage may also be required to eliminate areas of standing water at the 
perimeter of the BRDA. 
 
Mud Farming 

 
Mud farming commences after mud deposition has ceased, initial drainage completed 
and the red mud has sufficient stiffness to support the amphirol. A daily inspection of all 
drying cells is undertaken by the BRDA Site Monitor for BRDA Operations Team.  
 
The amphirol continues to make passes over the mud cells every 3-7 days until the 
indentations in the mud reduce to < 5 – 10 mm. The cells perimeter walls are then re-
built using a low ground pressure bulldozer with perimeter walls approximately 800mm 
- 900mm in height using mature mud. 
  

 
Atmospheric Carbonation 

 
If following pH testing of the amphirolled residue indicates that the pH is greater than 
11.5, then further atmospheric carbonation of the residue is required. This atmospheric 
carbonation process commences immediately after the mud farming process has been 
completed. The mature red mud is initially ploughed to break up the compacted red mud 
surface. The ploughed red mud is then further reduced in size by harrowing to maximize 
the exposure of the caustic soda in the mud to atmospheric carbon dioxide. 
 
The mud is then repeatedly harrowed on a daily basis until the pH is gradually reduced 
from the initial pH until the pH is < 11.5. 
 
In the event of a heavy rain forecast, the mud is rolled to seal the mud surface and 
prevent water ingress. 
 
Further details are provided in SWM 2022 Area 54 Operation of BRDA. 
 
  

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2022%20Area%2054A%20Operation%20of%20the%20BRDA.docx
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6. Safety Management 
 
6.1 BRDA Safety Organisation & Structural Stability 
 
The organisational structure including safety responsibilities are set out in Chapter 2 above. 
 
The Plant Health & Safety Policy covers plant wide safety management and includes the 
requirements of IE Licence Condition 9.4.3. 
 
The Health, Safety and Environmental Security of the BRDA is managed to ensure that: 

a. Personnel are protected from particular hazards such as perimeter water filled drains 
and soft slurry associated with the BRDA 

b. That the overall structure of the BRDA is geotechnically stable. 
 
Personnel safety is managed by routine risk assessment of tasks and fixed controls to ensure 
that all risks are identified in accordance with the Aughinish Safety Management System. For 
example, there are crash barriers around the main perimeter roads for fall protection, there 
are life buoys located around open drain perimeters as well as crash barriers in case personnel 
accidentally fall into ponds. There is specialist mobile plant that can safely travel on soft mud 
slurry. These Risk Assessments are available. BRDA Risk Assessments 
 
The overall geotechnical stability of the BRDA is examined routinely and reported annually 
through the Annual BRDA Review in accordance with Schedule C7 of the IE Licence.  
 
It was also reviewed in detail as part of the 2013 “Risk Assessment and Breakout Study” which 
was an update of the 2006 study (referred to in Condition 8.4.16 of the IE Licence). The revised 
report was submitted to the EPA in March 2013 in accordance with Condition 8.4.30. The 
revised report takes account of the improved stability of the BRDA brought about by the 
implementation of ‘mud farming’ in March 2009. The result of mud farming has been to 
increase the undrained shear strength of the red mud and this has been incorporated in the 
updated stability analyses for the red mud placed above stages 7/8 in Phase 1 BRDA and all 
the stages of Phase 2 BRDA. Mud farming has increased the stability of the side slopes 
significantly on the upper levels of Phase 1, thus reducing the already negligibly low probability 
of failure and the ability of the material to mobilise. In addition, as the facility is raised, the 
effective stress (self-weight) on the red mud increases which consolidates stiffens and, in turn, 
increases the red mud strength. 
 
The most important hazards identified by the risk assessment which indicated negligible to 
highly improbable risk, are in order of priority: 
  
1) Displacement of alkaline water in the PIC as a result of wave surge without breaching the 
embankment wall and indirectly displacement of the alkaline untreated water in the SWP and 
the treated water in the LWP based on a future sea level rise up to year 2200.  At present 
current sea level the risk of this is much less than stated above. 
 
2) Slope failure of the containment walls for the SWP, LWP, and the Outer Perimeter Wall 
under static load conditions;  
 

http://intranet/plantwide/Policies%20%20Procedures/Forms/Service%20Contract%20BRDA.aspx
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3) Containment failure from the year 2200 wave surge into the PIC.  This negligible to highly 
improbable risk is not such an important hazard at the current sea level. 
 
The study recommended that following procedures/actions be undertaken to alleviate the 
identified risks or mitigate the consequences: The recommendations have been actioned as 
follows  
 

Break-study recommendation Implemented by  

Avoid pore pressure build up in the 
residue 

Quarterly monitoring of pore pressure is being 
undertaken by Golder Associates. No issues to 
date.  

Ensure undrained shear strength of 
residue is sufficient to support the 
BRDA structures 

Monitor the strength by CPT testing as required by 
the designers. Major Site Investigation undertaken 
in 2014. Mud strength more than adequate. 

Avoid water collecting in some 
specific perimeter channels on east 
side.  

Ensure gradient in place to drain specific channels 
as needed.   

Install piezometers and inclinometers 
to monitor stability. 

All instruments installed and monitored quarterly. 

Provide erosion protection to outer 
wall. 

Installed around the Phase 1 and Phase 2 Outer 
walls as required. Will be installed around the base 
of the SWP and LWP at plant closure. 

Secure locking mechanism to be 
installed to prevent spillage to 
Robertstown River.  

Penstock valve installed in 2014 and operation 
tested for BRDA Emergency Response exercise in 
2015. 

Regularly inspect the integrity of the 
flood tidal defence berm 

Currently repairs are being considered for an 
exposed part of this berm.  

 
 
Other management measures which are already in place include: 
 

 Visual inspection of the facilities indicates no signs of distress in the walls. 

 The outer & inner perimeter walls, the storm water and liquid waste ponds are 
inspected quarterly and annually are performing in accordance with the design.  

 Overflow pipes have been constructed to connect the Phase 2 BRDA perimeter 
channel to the Phase 1 BRDA perimeter channel. 

 Two additional submersible pumps have been installed adjacent to the PIC 1 sump 
area to pump the Phase 1 PIC back to the Storm Water Pond.  

 The original PIC 1 pump has a valve tee connection to facilitate filling of the Storm 
Water Pond so that with the two new dedicated pumps, there is a large measure of 
equipment flexibility to discharge water from the PIC to either the SWP or the Effluent 
treatment plant.   

 AAL have their own electricity generating station providing a very reliable supply to the 
plant and ancillary structures such as the pumps servicing the PIC, SWP and LWP.  
Electricians provide 24 hour coverage for emergencies resulting from electrical 
outages or breakdowns. 
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6.2 Emergency Preparedness Plan 
 
The plant wide Emergency Preparedness Plan and the specific BRDA Emergency Response 
Procedures have been submitted to the EPA in accordance with Condition 9.4.4. These are 
an integral part of the overall Plant Safety Management System and are available online via 
the Aughinish intranet. The External Emergency Plan for the BRDA (EEP) was published by 
Limerick County Council in September 2013 and is available on their website www.lcc.ie. The 
adequacy of the external plans will be reviewed annually with the Principal Response 
Agencies (LCC (Environment and Fire Service), HSE and An Garda Siochana). Further details 
of the emergency preparedness and response procedures are provided in Chapter 7. 
 
 

6.3 Classification of BRDA 
 
The BRDA has been classified as a Category A facility under the Extractive Waste Directive. 
The basis for this classification is the environmental sensitivity of the Special Area of 
Conservation lands and estuarine habitats adjacent to the BRDA. 
 

6.4 BRDA Dam Wall Design and Construction 
  
Section 6.0 of the 2013 ‘BRDA Risk Assessment and Breakout Study’ submitted to the Agency 
details the design and construction standards under-pinning the structural integrity of the 
BRDA. 
 
6.4.1 General  
 
The design of the Phase 1, Phase 1 Extension and Phase 2 BRDA are similar although some 
modifications were made for the Phase 2 BRDA based on the on-going performance of the 
facility.  The key components of the BRDA are:  

 Low Permeability Outer Perimeter Embankment Wall;  

 Permeable Inner Perimeter Embankment Wall;  

 Perimeter Interceptor Channel;  

 Composite Lined System Throughout the Phase 1 Extension and Phase 2 BRDA;  

 Stage Raises;  

 Upper level bench to reduce the overall side slopes from 6H:1V to 6.3H:1V; and  
 
The storm water pond and liquid waste pond were raised to accommodate runoff from both 
Phases 1 and 2 BRDA.  
 
The Phase 1 extension and the Phase 2 BRDA has been completely composite lined and 
surrounded by a perimeter interceptor channel which is formed by constructing the outer and 
inner perimeter embankment walls.  The Phase 1 and Phase 2 channels connect on the 
western section of the facilities.  The Phase 1 and Phase 2 facilities will also be merged in the 
future.   
 
The ground level within the footprint of the Phase 1 BRDA and varies typically between 0 m 
AMSL to 14 m AMSL. Phase 2 BRDA varies from 0 m AMSL to 14 m AMSL and therefore 
future raising and merging of the stack walls will need to accommodate these changes of 
elevations. 

http://www.lcc.ie/


 

RUSAL Aughinish Ltd. 
Bauxite Residue Disposal Area (BRDA) 
Operational Plan & Safety Manual (BRDA OP001) 

 

Prepared by:  
P O’Loughlin  
Date: 12.10.04 

 Approval        Date: 

Env Co-ord: 

Reference No.  
 

BRDA OP001 

Issue 
1 

Revised by: 
BRDA Eng  
Kevin McMahon 
Date 14.10.15 

BRDA Eng:  
Page 17 of 29 

 

Rev. 
7 

 

  
The overall slope is 6.3H:1V consisting of a lower slope of 6H:1V and an upper slope of 6H:1V.  
An upper level bench, approximately 28m wide separates the two slopes.  Where the previous 
sludge pond was located in the southern section of Phase 1, the wall has been realigned and 
steepened to approximately 4H:1V and wick drains installed.  
 
Unlike conventional tailings facilities or water retaining dams, the BRDA retains little to no 
surface water on the red mud.  The red mud is discharged as a paste from several near central 
discharge points to form a dome which typically has the apex some 6m to 8m above the 
perimeter stack wall elevation.  The structure is raised by constructing perimeter walls on the 
red mud by the upstream method which involves the construction of a series of retaining bunds 
upstream of the toe of the BRDA facility and so forming a supporting face to the overall 
structure. As previously stated, the slope of the stack wall or face of the storage facility is 
6H:1V for the upper and lower slopes which reduces to an overall slope of 6.3H:1V when the 
width of the upper level bench has been included.   
  
6.4.2 Outer Perimeter Embankment Wall  
 
This structure forms the outer wall of the Perimeter Interceptor Channel and is the main access 
road around the facility and is designed with a crest width of 5 m. The upstream and 
downstream side slopes vary depending on the foundation materials the structure is placed 
on.  The structures founded on the estuarine soils are typically 4H:1V for Phase 1 and 3H:1V 
for Phase 2. These are found on the northern and western flanks of Phase 1 BRDA and the 
western and southern flanks of the Phase 2 BRDA. The structures founded on the glacial tills 
are typically 4H:1V for Phase 1 and 2H:1V for Phase 2. These are found on the southern flank 
of Phase 1 BRDA and the south eastern flank of Phase 2 BRDA. The Outer Perimeter Dam 
(Embankment) Wall has been constructed to an elevation of 5m AMSL.  
 
Along the central section of the southern flank of the Phase 2 BRDA, the Outer Perimeter 
Embankment Wall is constructed in cut with a side slope of 2H:1V and a crest elevation of 5 
m AMSL  
 
6.4.3 Inner Perimeter Embankment Wall  
 
This structure forms the inner wall of the Perimeter Interceptor Channel and is constructed 
with a crest width of approximately 4.5 m.  The upstream and downstream side slopes vary 
depending on the foundation materials the structure is placed on. The structure founded on 
the estuarine soils and glacial tills has been constructed with upstream and downstream side 
slopes of 2H:1V.  These structures are located on the northern, western and southern flanks.  
For these cases, the crest elevation is at 4.5 m AMSL.  
 
Along the central section of the southern flank of the Phase 2 BRDA, the Inner Perimeter 
Embankment Wall has been constructed in a cut and the rockfill embankment wall and 
founded on glacial till. In this area, the side slopes are constructed at 2H:1V in order to align 
with the two embankments constructed on the estuarine soils either side of the cut.  
 
Where the Inner Embankment Wall is founded on limestone along the south eastern flank of 
the Phase 2 BRDA, the side slopes have been steepened to 3H:2V.   
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6.4.4 Perimeter Interceptor Channel  
 
The Perimeter Interceptor Channel collects all the runoff from the BRDA facility and seepage 
from the red mud. It is formed by the construction of the Outer and Inner Perimeter 
Embankment Walls which are discussed above.   
 
For much of its length and for all the northern, western and southern flanks, the Perimeter 
Interceptor Channel has a top width of 25 m and a minimum base width of 4 m. The storage 
capacity of the perimeters channels and storm water pond is listed in Water Management 

SWM Link SWM 2011 

 
 
6.4.5 Stage Raise  

 
The method of raising the perimeter wall retaining the red mud is by the upstream method 
which involves constructing on previously deposited red mud.  The red mud is farmed and 
allowed to mature for as long as possible (minimum 3 months) prior to placing the next layer. 
The success of this method of stage raising is very much dependent on the design of the 
facility and its on-going performance of red mud dewatering, drying and consolidation which 
to date is satisfactory and this process has been enhanced since 2009 by the introduction of 
red mud farming.   
 
The performance of the facility, which is compared to the design criteria, is determined from a 
comprehensive geotechnical monitoring system within the stack wall together with an intrusive 
site investigation carried out prior to subsequent raising of the perimeter walls. 
 
6.4.6 Upper Level Bench  
 
The upper level bench is installed when the stack wall is raised to an elevation of 16 m AMSL 
(Stage 6) after the red mud has been deposited inside the Stage 5 wall at a maximum elevation 
of 14 m AMSL.  The width of the bench is approximately 28m. The bench improves stability of 
the slope and with suitable drainage measures installed, allows the downstream slopes of the 
first 5 stage raises to be rehabilitated.  
 
 

6.5  Salt Cake Cell 
 
Salt cake is classified as a hazardous waste and is deposited within a composite lined cell 
(geosynthetic clay liner and 2 mm high density polyethylene liner) in the BRDA as per condition 
8.4.5 and 8.4.10(v) of the IE licence. The composite lined cell is located on approximately  12 
metres of low permeability matured red mud. There is no hydraulic connection between the 
composite lined cell and the rest of the BRDA . The design details and construction quality 
assurance plans for the cell have been agreed with the Agency. 
The Salt Cake cell was constructed in 2012 and commissioned in 2013. 
 
The Closure Details for the salt cake cell are included in the BRDA part of the overall Plant 
Decommissioning and Residuals Plan in accordance with IE Licence condition 10.2. In 
summary a double plastic HDPE liner will be placed over the cell at closure to seal in the salt 
cake . A drainage layer and subsoil and topsoil will be placed over the plastic liner and the 
surface will be vegetated with grass.  

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2011%20Water%20Management.docx
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6.6 Hydrology  
 
No water is stored on the BRDA itself as it is a sloping surface for stack residue. The surface 
water and leachate is stored in the Perimeter Interceptor Channel. Surface water is also 
stored in the Storm Water Pond. 
 
6.6.1 Storm Water Pond   
 
The function of the storm water pond (SWP) is to collect storm runoff from the surface of the 
BRDA via the Perimeter Interceptor Channel and pump the alkaline water to the effluent 
treatment plants or back to the alumina plant as recycled pond water for various uses.  
 

The volumes retained by the SWP is listed in the Water Management SWM Link SWM 2011 

 
The current crest elevation of the SWP is 6.0 m Above Mean Sea Level (AMSL) on the external 
wall with the Bird Sanctuary and the internal dividing walls between the SWP and the LWP 
and between the SWP and central access ramp. The internal wall between the SWP and the 
PIC is also at an elevation of 6.0 mAMSL.   
 
The SWP was raised and relined in 2007 with a composite lining using a combination of 
geosynthetic clay liner (GCL) and processed glacial till on the side slopes overlain by 2mm 
high density polyethylene (HDPE) liner. 
 

The BRDA Water Management SWM Link SWM 2011 developed in accordance with IE 

Licence Condition 8.4.23 sets targets for water inventory at different times of the year. 
Adherence to these targets will ensure that sufficient space is available for storm water 
management in winter months. At the same time they will ensure that sufficient water inventory 
is available for dust prevention in summer months. 
 
6.7 Environment  
 
Environmental monitoring is undertaken as per Condition 8.4.10(xv) and Schedules C4 
(Waste), C2 (Effluent and Surface Water), C6 (Ambient Air) and C8 (Groundwater).  
 
The Environmental Monitoring Programme examines the composition of materials disposed 
in the BRDA and the treated effluent discharged to the adjacent Shannon Estuary. It also 
monitors groundwater and surface water quality and dust deposition at strategic locations 
around the BRDA which have been agreed with the EPA. 
 
  
Geotechnical and other monitoring of the stability of the BRDA are undertaken as per 
Schedule C7. This addresses quarterly monitoring of piezometric pressure and movement in 
the residue. Taken together with site investigations using continuous penetrating testing they 
characterize the geotechnical stability of the BRDA. All these monitoring data are input to the 
overall Annual Review undertaken by Golder Associates as required by Schedule C7. 
 

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2011%20Water%20Management.docx
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2011%20Water%20Management.docx
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7.  Emergency Procedures 
 
The management of emergencies is coordinated by a fully resourced and trained plant 
security team who are on site 24 hours per day, 365 days per year. 
  
The overall plant Emergency Response Plan and procedures covers activities in the 
BRDA. The plant Emergency Response Plan deals with emergency preparedness, 
planning, response and co-ordination in the case of significant emergencies or incidents 
at the plant.  The defined categories of emergency include environmental emergencies 
and emergencies which may have to potential to lead to environmental  
 
In the event of an emergency, the organisation of safety and emergency response is co-
ordinated and located centrally at the security gatehouse. Roles and responsibilities are 
detailed in the Plant Emergency Response Plan.  
 
Each area of the plant also has specific Emergency Procedures relevant to the area. 
The emergency procedures addressing the BRDA are: 
 
P007.02.019 BRDA Containment Emergency Response (Link to Procedure) 
 

         P007.02.012   Dust Emergency in the BRDA BRDA Dust Emergency 
 
 

SWM 2026  BRDA Dust Prevention and control (Link SWM 2026) 
 
P007.02.017 BRDA High Wind Procedure (Link to Procedure) 
 
P007.02.018 Severe Frost Conditions (Link to Procedure) 
 
 

 
7.1 BRDA Containment Emergency Response  
 

The release of red mud from the red mud has been assessed as negligible to highly 
improbable. However although assessed in probability as a very unlikely event, the most 
significant type of emergency at the BRDA would be a release of alkaline water from 
one of the water retaining structures (such as the Perimeter Channel Embankments, 
Storm Water Pond or Liquid Waste Pond). In the event of such a failure, elevated pH 
water and/or mud would carry over into the lands north and west of the BRDA. All of this 
land is drained by a watercourse known as the OPW Channel which discharges through 
a single flap valve into the Robertstown River (to prevent reverse flow from 
river/estuary). In the event of such a failure the area Emergency Procedure P007.02.019 
would be activated as well as the Plant Emergency Response Plan. The area 
Emergency Procedure details the actions to be taken including closing off the penstock 
valve between the OPW Channel and the Robertstown River to contain the spillage. The 
Plant Emergency Response Plan deals with call out of additional people and resources 
as well as Notification of the incident/accident to the Principal Response Agencies which 
may trigger activation of the BRDA External Emergency Plan. 

http://intranet/plantwide/Policies%20%20Procedures/P007.02.019%20BRDA%20Containment%20Emergency%20Response.doc
http://intranet/plantwide/Policies%20%20Procedures/P007.02.012%20Dust%20Emergency%20at%20the%20BRDA.doc
http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2026%20BRDA%20Dust%20Prevention%20and%20Control.docx
http://intranet/plantwide/Policies%20%20Procedures/P007.02.017%20BRDA%20Procedure%20for%20High%20Wind.doc
http://intranet/plantwide/Policies%20%20Procedures/P007.02.018%20BRDA%20Severe%20Weather%20Frost.doc
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7.2 Dust Control 
 

The main environmental emergency which can arise in the BRDA is dusting. It is 
classified as an emergency and is subject to formalised emergency response 
procedures. The BRDA Team has defined responsibilities in the event of dusting. These 
responsibilities extend from prevention to response through: 
 

 Review of meteorological conditions 

 Preventative damping of BRDA 

 Maintenance of equipment 

 Operation of sprinklers, bowsers 

 Resourcing emergency response 

 Communication with RUSAL Aughinish personnel in an emergency response 

 Ensuring that relevant SWM’s and Emergency Response Procedures are followed 
 
Historical evidence shows that incidents of fugitive dust generation occur under the 
effects of the following: 
 

 Wind speeds in excess of 10 mph 

 Freezing (<0C) or very warm (>20C) temperatures 

 Dry air-conditions, i.e. low humidity 
 

The primary objective in management of disposal operations at the BRDA is to prevent 
the formation of conditions where fugitive dust generation can occur. 

 
 

7.2.1 Dust Prevention and Response Measures 

 
The following fugitive dust prevention and response measures are implemented at the 
BRDA. Refer to SWM 2026 (Link SWM 2026) 

 
1. Minimise mud flat area exposed to dusting risk by ploughing the mud surfaces via 

the mud farming process. 
 

2. Keep mud flats in service (i.e. wet) as long as possible to limit areas of potential 
dusting. 

 
3. Water spray (dust suppression) sprinkler system installed to ensure 100% coverage 

over red mud areas. 
 

4. Ensure bowser units are available to transport and discharge water from the Liquid 
Waste Pond (LWP). 

 
5. Bowsers should be left filled at the Liquid Waste Pond outside of normal business 

hours when BRDA Operations indicate that significant potential for dusting exists. If 
taken to be used elsewhere on site, must be returned cleaned to the Liquid Waste 
Pond and filled with water. 

 

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2026%20BRDA%20Dust%20Prevention%20and%20Control.docx
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8. Surface Water Management and Protection  
 

The BRDA is bounded by the River Shannon, the Robertstown River and Poulaweala 
Creek. The River Shannon is tidal at RUSAL Aughinish with a range of over 5m (spring 
tides). 
 
Surface water runoff due to rainfall from the Phase 1 BRDA discharges to Perimeter 
Interceptor Channel 1 (PIC 1). PIC 1 runs along the entire northern, western and 
southern perimeter of the Phase 1 BRDA. 
 
Similarly, surface water runoff due to rainfall from the Phase 2 BRDA discharges to 
Perimeter Interceptor Channel 2 (PIC 2). PIC 2 runs along the western and southern 
perimeter of the Phase 2 BRDA.  
 
PIC 2 is pumped into PIC 1 using a submersible pump with a capacity of 600m³/hr. 

 
The runoff water is pumped from PIC 1 to the Storm Water Pond (SWP), located in the 
north-eastern corner of the BRDA (adjacent to the Liquid Waste Pond) via two 
submersible pumps each with a capacity of 600m³/hr (1,200m³/hr total). 

 
Two pumps are installed in the SWP to recycle surface water to the plant and to the 
effluent treatment system with a capacity of 450m³/hr each. 

 
Surface water runoff is also recycled to the plant from PIC 1 by a submersible pump with 
a capacity in excess of 800m³/hr. Surface water is treated in an effluent clarification 

system before ultimately being discharged to the River Shannon.  
 
Short term heavy rainfall events in the BRDA are accommodated in the Perimeter 
Interceptor Channels (PIC 1 & PIC 2), Storm Water Pond (SWP) which have the storage 

capacities listed in Water Management SWM: Link SWM 2011 

 
 

This design storage capacity is sufficient to ensure a 1 in 200 year rainfall event can be 
safely managed within the system, while allowing treated effluent discharges to remain 
within daily flow limits (1,250 m3/hr, 30,000 m3/day) as specified in the IE Licence 
(Schedule B.2).    
 
 

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/2011%20Water%20Management.docx
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9. Groundwater Management and Protection 
 

Aughinish Island is hydro-geologically isolated from the mainland and can be regarded 
as an independent groundwater body. 
 
The BRDA is underlain by two geologically dissimilar components.  The northern part of 
the Phase 1 BRDA is generally underlain by low conductivity estuarine deposits, which 
are subject to saline intrusion (into the groundwater). The original plant BRDA was 
developed directly on this material. The eastern part of the Phase 1 BRDA is underlain 
by limestone bedrock. This section of the BRDA is sealed within 1.0mm and 2.0mm thick 
HDPE sheets, on 600mm of screened glacial till. 
 
The Phase 2 BRDA is underlain by estuarine deposits on the west side and by limestone 
bedrock on the eastern side. The Phase 2 BRDA is sealed within 1.5mm and 2.0mm 
thick HDPE sheets, on a layer of geosynthetic clay liner (GCL). 
  

9.1 Groundwater Seepage Controls 
 
The original northern part of the BRDA was developed over an extensive deposit of low 
hydraulic conductivity estuarine soil. In addition, the upstream slope of the outer wall 
around the BRDA and the SWP was sealed with a composite liner consisting of a 750 
mm thick compacted glacial till fill covered with a 2.0 mm thick HDPE liner anchored in 
the estuarine soil along the toe of the Outer wall. In addition, all areas along the toes of 
the Outer wall where the estuarine soil thickness is less than 4.0 m (applies to the BRDA) 
or where glacial till or rock outcrop (applies to the SWP) was encountered, were sealed 
with 2mm thick smooth HDPE liner.  All runoff reporting to the open drainage ditch is 
stored in the Perimeter Interceptor Channel.  

 
The extended eastern part of the Phase 1 BRDA is sealed with 1.0 and 2.0 mm thick 
HDPE sheets. Beneath the HDPE sheets, the subgrade consists of a series of mineral 
varying from 300mm to 600mm thick depending on the subgrade.   
 

9.2 Seepage/Leakage Management and Control 
 
The following seepage and leakage control systems are in place and reported as 
seepage recovery and monitoring locations as per submission to the EPA in January 
2015. 

  

Ref. No. 

(Fig. 1) 

Location  Monitoring 

parameters 

Monitoring 

Frequency 

1 Toe Drain 1 Pumping pH, Soda, Conductivity Monthly 

2 Toe Drain 2 Pumping pH, Soda, Conductivity Monthly 

3 Toe Drain 3 Pumping  pH, Soda, Conductivity Monthly 

4 Monitoring Borehole 4 upstream of 

North East Drain  

pH, Soda, Conductivity Monthly 

5 Monitoring Borehole 5 upstream of 

North East Drain  

pH, Soda, Conductivity Monthly 

6 Robertstown Gate pH, Soda, Conductivity Monthly 
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Figure 1: BRDA Proposed Seepage Monitoring Locations 

 
 

 
 

10. Leachate Management and Disposal 
 

The BRDA does not generate leachate in the conventional sense of the term (as applied 
to waste disposal) due to: 
 
a) The bauxite process residues placed within the BRDA are inorganic and do not 

degrade. 
 
b) The red mud on placement and maturation has hydraulic conductivity values of the 

order of 1x10-8 m/sec.  Accordingly, recharge and downward movement of liquid 
into the waste (through precipitation) does not occur. 

 
Although there is no positive leachate collection system in place, bleed water from the 
red mud is collected in the perimeter channel and returned to the plant for treatment and 
licensed discharge.  
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11. Development Programme  
 

All of the principal elements of the Phase 1 and Phase 2 BRDA have been constructed 
and commissioned in the period 2007 to 2013. 
The future development programme for the BRDA consists of  

 Routine Stage Raising of the Perimeter Stage Raise walls as per existing design. 

 Routine landscaping of the downstream side of future Perimeter stage raise walls 
as per existing Interim Restoration and Landscaping undertaken in 2013. 

 Raising of the existing Salt Cake Cell as per design submitted and agreed with 
the EPA in 2011.  

 Routine Raising of sprinklers and mud discharge pipes in the BRDA as per 
existing practice. 

 Routine raising of the drainage wall on the east side of the Phase 2 BRDA as 
per Golder Associates design. 

 

12. Life Expectancy  
 
The existing Phase 1 BRDA consists of the original BRDA and the Phase 1 extension, 
which have been merged since 1999. As the rate of placement is a direct function of 
production activity, the life expectancy of the BRDA will be reduced with increasing levels 
of production.  
 
Following the commissioning of the Phase 2 BRDA in 2011, the life expectancy of the 
combined Phase 1 and 2 BRDAs has been increased by 21 years until mid-year 2032, 
based on current production levels and residue generation levels. This is reviewed each 
year as part of the AER. Further details are provided in the AER.  

 
13. Restoration 
 

A Decommissioning and Closure Plan for the site was prepared by SRK Consulting Ltd. 
and Enviroplan Services Ltd in 1999 – this included proposals for the restoration and 
aftercare of the BRDA. The Plan was submitted to the Agency as part of the first plant 
AER in 1999. A revised plan taking into account the Phase 2 extension to the BRDA 
was submitted in 2005 as part of the application for a revised IE Licence. The plan is 
updated annually and the most recent update was submitted to the EPA in December 
2010. 
 
Based on research undertaken to date, the BRDA perimeter side slopes have been 
rehabilitated in the interim (2013) and it is proposed that, following final closure of the 
facility, a surface vegetation cover will be established over the farmed and neutralised 
residue to ensure physical and chemical stabilisation of the stored bauxite residues.  
 
Establishment of vegetation on the bauxite residues stored at the BRDA has been 
successfully demonstrated by greenhouse and field trials carried out in conjunction with 
the University of Limerick. To achieve this, amendment of the red mud residue (using 
gypsum, compost nutrient, fertilisers and process sand) is required and an 
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understanding of the basic physical and chemical principles for reclaiming alkaline 
residues must be established. Considerable attention has been focused on the testing 
and measures that can be used to ensure appropriate surface soil conditions are present 
which will promote successful vegetation establishment and surface rehabilitation of the 
BRDA while controlling costs.  
 
Engineering proposals to address the drainage, seepage, control of storm water and 
surface run-off from the BRDA both in the interim and following final closure of the facility 
have been investigated and designed by AAL’s consultant Golder Associates. 
 

13.1 Closure and Restoration Programme 
 
Closure will involve utilisation of those techniques that have been proven in operations, 
or demonstrated in field trials, which have the greatest potential to achieve the 
performance criteria for air, soil, surface water and groundwater.  A key element of this 
closure plan will be the rehabilitation cover for the BRDA.  Because of the variety of 
residues within the BRDA, there are several different surface treatments which will be 
necessary in order to ensure that performance criteria are achieved following closure. 
 
The BRDA will be rehabilitated to ensure physical and chemical stabilisation of the red 
mud. The amended soil (red mud mixed with process sand, gypsum and compost) will 
be seeded with a grassland seed mixture, and fertiliser applied by broadcast spreader. 
AAL propose to achieve self-sustaining vegetation cover after a period of five years.  
 
Works will be implemented to ensure that a suitable drainage system is established on 
the rehabilitated BRDA. Engineered surface water drainage berms will be created to 
allow for stormwater drainage. Careful supervision will be provided during final mud 
deposition on the BRDA to ensure the surface topography remains consistent for the 
construction of a system to direct surface water and lateral seepage safely off the BRDA.  

 
The maintenance of efficient surface water drainage from the BRDA, avoiding as far as 
possible soil erosion into the perimeter channel, will contribute to the improvement of 
water quality after closure. With time, it is expected that rainwater flushing and wet-dry 
cycles in the surface layers of the BRDA, will improve water quality so that runoff and 
seepage can be discharged without treatment.  
 

13.2 Interim Restoration 
 
As part of the extension of the BRDA, an interim restoration plan was put in place to 
provide for intermediate cover of the perimeter embankment slopes as the height of the 
area is increased. This involved the installation in the Phase 1 BRDA of a radial collector 
drain at 100 metre intervals just below the operating upper stage raise wall, which 
intercepts and drains surface water from the dome of the BRDA in a controlled manner 
down to the Perimeter Interceptor Channel. Construction of this drain was completed in 
2012 in advance of the Phase 1 landscaping works in 2013. The horizontal benches on 
each of the Stage Lifts on the north and west sides of the Phase 1 BRDA were graded 
and shaped in 2013 with a drainage medium and topsoil added and grass and trees 
were planted . The wide stage 5 to stage 6 bench was also restored and grass was 
planted. Therefore these 2013 works were the first part of interim restoration of the 
BRDA. 
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14. Aftercare Management 
 

14.1 Aftercare Monitoring  
 

Success of surface re-vegetation (which will be critical in meeting requirements for 
control of fugitive dust and valuable in the limitation of subsurface seepage and the 
maintenance of geotechnical stability) will be measured on the basis of vegetation and 
soil biological surveys. These surveys will be conducted annually until Year 5 upon which 
time it is anticipated that the re-vegetation programme will be deemed successful. 
Should the five-year objective not be met, AAL will identify the measures that it will 
undertake to improve the performance of the cover. 

 
At closure, the water sprinkler system will continue for a limited period, particularly 
throughout any periods of leaching and weathering, until surface rehabilitation by a 
vegetated surface cover is established. The long-term suppression of fugitive dust will 
be achieved by the vegetation cover with sufficient density to retain the residue.  

 
Water treatment will no longer be considered necessary when the pH in the Perimeter 
Interceptor Channel (PIC) is maintained at less than or equal to pH 9 with a Total 
Suspended Solids (TSS) of less than 50 mg/l for 90% of the samples taken over a 12-
month period. Following attainment of water quality objectives for a one-year period 
without treatment, the water management system will be decommissioned. The PIC and 
the SWP can then be modified (with spillway and sluice constructions) to allow for direct 
discharge to the Shannon Estuary via the Robertstown River. It is anticipated that this 
can be achieved within five years post-closure. A trial constructed wetland (reed bed) 
cell was installed in 2013 with its aim to receive alkaline BRDA leachate and reduce its 
pH. Implementation of this technique on a larger scale will be considered with a view to 
future inclusion in the Aughinish closure plan. Monitoring of surface water quality and 
groundwater quality in the vicinity of the BRDA will continue for a period of up to 30 years 
post closure. 
 
To monitor geotechnical stability, for five years after the closure of the BRDA, AAL will 
conduct periodic monitoring of subsoil moisture, to demonstrate that the suction head 
for the upper subsoil layers is being maintained, or reduced, as a result of the 
rehabilitation measures. 

 

14.2 Final Land Use 
 
The preferred land-use option for the BRDA, based on current knowledge of the 
chemistry and biology of the sown grassland cover, is to develop the area for nature 
conservation. A section of AAL land to the north of the BRDA has already been 
developed as a Bird Sanctuary, so the development of a nature conservation area is in 
keeping with AAL land conservation practices. The bird sanctuary management has 
been featured and reported on by organisations such as the Birdwatch Ireland since its 
development in 1981.   
 
The choice of end-use is also in line with procedures in the 2009 EU BREF on Tailings 
Management where it states in Table 4.5 that ‘rehabilitation is such that the ultimate land 
use is optimised and is compatible with the surrounding area and the requirements of 
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the local community’.  
 
 
Lands adjacent to the AAL facility are subject to EU and national environmental 
designations and the sensitivity of these environmental receptors, particularly in the key 
areas of surface and groundwater quality, have been taken into account in the design of 
the BRDA restoration and aftercare process.  
 

15. Environmental Monitoring Programme  
 
RUSAL Aughinish undertakes extensive monitoring of environmental quality (air, water, 
groundwater, dust and noise) in the vicinity of both the plant and BRDA in accordance 
with the requirements of our IE. 
 
This monitoring, which is undertaken by qualified and experienced Environmental 
Technicians is detailed in SWM 0003 IEL Compliance and Environmental Performance 
Monitoring and Reporting. SWM0003 
 
 
figuEnvironmental Monitoring in the BRDA 
 

Environmental 
Media 

Monitoring Location Analysis Undertaken Frequency 

Surface Water OPW Channel  
Mangans Lough 
 

pH, Conductivity, Soda Monthly 

Groundwater BRDA Observation 
Wells (OW’s)  

pH, Conductivity, Total 
Alkalinity, Fluoride, 
Chloride, Soda, Heavy 
Metals 

Quarterly 

Air – Fugitive 
Dust  

Dust Gauges at 
perimeter of BRDA 

Dust Deposition Monthly 

Noise Boundary Locations 
around BRDA: North 
Shore (B5), East of 
East Ridge (B4) 

Sound Pressure Level, 
LAEQ, LA10, LA90 

Annually 

Waste Red Mud, Sand, Salt 
Cake, Leachate 

pH, Dry Matter, 
Alkalinity, Chloride, 
Fluoride, Soda, Metals 

Monthly 

 
In addition to the above, RUSAL Aughinish maintain a weather station between the plant 
and the BRDA for measurement of wind speed, direction and temperature. This data is 
fed back to the plant Process Information (PI) System.  

 
 
 

  

http://intranet/plantwide/Policies%20%20Procedures/ISO%20Controlled%20Procedures/0003%20IEL%20Compliance%20and%20Environmental%20Performance%20%20Monitoring%20and%20Reporting.docx
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Executive Summary 

Golder Associates were commissioned by Aughinish Alumina Ltd (AAL) to prepare this report to facilitate 

licensee compliance with Appendix C7 condition of license IED P0035-06 namely ‘the annual review’ for the 

Bauxite Residue Disposal Area (BRDA).  This stability evaluation summarises the monitoring results from the 

Casagrande piezometers, the inclinometers and extensometers, the visual inspection of the facilities and 

assesses the stability of the BRDA, the inner and outer perimeter walls forming the perimeter interceptor 

channel (PIC), the storm water pond (SWP) and liquid waste pond (LWP).    

The Phase 1 BRDA is formed from two facilities, the original Phase 1 BRDA, covering an area of 72 ha and 

the Phase 1 BRDA extension covering an area of 32 ha.  The Phase 1 extension is lined with a HDPE 

geomembrane while the original Phase 1 relies on the low permeability of the estuarine soils to minimise 

seepage from the base of the facility, plus the inherent low permeability of the red mud itself.  Phase 2 BRDA 

covers an area of approximately 80 Ha and was commissioned in 2011.  It is currently receiving the majority 

of the red mud generated.   

The initial design for the Phase 1 BRDA facility was to provide storage to the year 2009 based on the facility 

constructed to Stage 7 (elevation 18 m AMSL), which equates to a central elevation of 27.5 m AMSL or 26 m 

above original ground level.  A site investigation and design report was presented to AAL (References 2.1 

to 2.4) proposing to raise the facility in three more stages (Stages 8, 9 and 10), resulting in a maximum 

perimeter elevation of 24 m and a central elevation of 32 m AMSL.   

AAL have successfully raised the stack wall for Phase 1 to above Stage 8 and in numerous sections to Stages 

9 and to Stage 10.   For Phase 2, they have constructed Stage 1 and in places ready to commence construction 

of Stage 2. 

The key components of the BRDA are: 

 Low Permeability Outer Perimeter Embankment Wall; 

 Permeable Inner Perimeter Embankment Wall; 

 Perimeter Interceptor Channel; 

 Composite Lined System Throughout the Phase 1 Extension and Phase 2 BRDA; 

 Stage Raises; and 

 Upper level bench to reduce the overall side slopes from 6H:1V to 6.3H:1V. 

The Phase 1 and the new Phase 2 BRDA are surrounded by a perimeter interceptor channel which is formed 

by constructing the outer and inner perimeter embankment walls.  Surface water collected in the perimeter 

interceptor channel is pumped back to the plant or into the storm water pond during storm events.  The Phase 

1 and Phase 2 channels connect on the western section of the facilities.  The Phase 1 and Phase 2 facilities 

are being progressively merged.   

Treated water is pumped from the treatment plant and into the liquid waste pond prior to discharge into the 

River Shannon. 

Unlike conventional tailings facilities or water retaining dams, the BRDA retains little to no surface water on 

the red mud surface.  The red mud is discharged as a paste from several near central discharge points to form 

a dome which typically has the apex some 6 m to 8 m above the perimeter stack wall elevation.  The structure 

is raised by constructing perimeter walls on the red mud by the upstream method.  This procedure involves 

the construction of a series of retaining bunds upstream of the toe of the BRDA facility and so forming a 

supporting face to the overall structure.   

The final elevation of the perimeter stack wall will be 24 m AMSL and the highest elevation of stacked residue 

will be 32 m AMSL, or some 30 m above ground level. 
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From the results of the  Phase 1 BRDA monitoring of the inclinometers, extensometers and piezometers 

together with the 2014 CPT testing, it is apparent that the stack wall of the BRDA is stable at the current 

elevations with a factor of safety above 2 and the facility is performing in accordance with the design.  No 

additional site investigation work has been undertaken on Phase 1 since there has been little rise in the 

structure since the 2014 CPT campaign as the majority of red mud is discharged into Phase 2.  It is anticipated 

that additional site work will be undertaken when the majority of the structure is at Stage 10. 

CPT testing and instrumentation of the Phase 2 BRDA will be undertaken when the walls have been upstream 

raised to Stage 4 at an approximate elevation of 12m AMSL.   

The outer and inner perimeter walls, the storm water and liquid waste ponds are performing in accordance 

with the design. 

Visual inspection of the facilities indicates no signs of distress in the walls. 

Where seepages emanating from the Phase 1 BRDA perimeter interceptor channel are intercepted, the flow 

rate should be monitored to determine any changes in flow rate.  The water level of the perimeter interceptor 

channel should also be measured.  

The volume of any red mud retained in the perimeter interceptor channel should be estimated/surveyed and 

checked against design calculations to ensure sufficient flood storage is available and the freeboard can be 

maintained.  It should be noted that the red mud has the ability to throttle seepage emanating from defects in 

the geomembrane forming the lining system in the perimeter interceptor channel so it would be preferable to 

leave some red mud at the base.  It would also be difficult to remove the red mud from the channel without 

potentially damaging the lining. 

AAL have their own power generating station providing a very reliable supply to the plant and ancillary 

structures such as the pumps servicing the PIC, SWP and LWP.  Electricians provide 24 hour coverage for 

emergencies resulting from electrical outages or breakdowns.
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